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PERSONAL COMPUTER WITH LOCAL MEMORY EXPANSION CAPABILITY

This invention relates to personal computers, and more particularly

to a personal computer having facility for ready variation in the amount

of memory capability available on the microprocessor local bus.

Background of the Invention

Personal computer systems in general and IBM personal computers in
particular have attained widespread use for providing .computer power to
many segments of today's modern society. Personal computer systems can
usually be defined as a desk top, floor standing, or portable
microcomputer that consists of a system unit having a principal system
processor and associated volatile and non-volatile memory, a display
monitor, a keyboard, one or more diskette drives, a fixed disk storage,
and an optional printer. One of the dlStlﬂgUlSE}Hg characteristics of
these systems is the use of a motherboard or system planar to electric-
ally connect these components together. These systems are designed
primarily te give independent- computing power to a single user and are
inexpensively priced for purchase by individuals or
Examples of such personal computer systems are IBM}S PERSONAL COMPUTER

AT and IBM's PERSONAL SYSTEM/2 Models 25, 30, 50, 60, 70, 80, 90 and 95.

.small businesses.

These systems can be classified into two general families. The

first family, usually referred to as Family I Models, use a bus
architecture exemplified by the IBM PERSONAL COMPUTER AT and other "IBM
compatible" machines. The second family, referred to as Family II
Models, use IBM's MICRO CHANNEL bus architecture exemplified by IBM's
PERSONAL SYSTEM/2 Models 50 through 95.

have used the popular INTEL 8088, 8086 or 80286 microprocessor as the

The Family I models typically

principal processor. These processors have the ability to address one

megabyte of memory. The Family TI models typically use the high speed

INTEL 80286, 80386, and 80486 micfpprocessors which can operate in-a
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ma’ny se‘grrem*s of today's nodern society. Personal conputer systens can
usual ly be defined as a desk top, floor standing, or portable m croconputer
that consists of a systemunit having a principal system processor and
associ ated vol atile and non-vol atile nmenory, a display nonitor, a keyboard,
one or noreg@di-sfaddge drives, a fixed diskystorage, and an opti onal

printer. One of the distinguishing characteristics of these systens is the
use of a notherboard or systemplanar to electric- ally connect these
conponents tfa@eth&fe td %@aﬁy&hérﬁioﬁéﬁ spesd gNEEN, [BoBsTRTiktoprbOegoy tor a

I ndependent co L .to sj n ser ,and are . ne xpens veI priced
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Model s 25, %28?0180996 891& ka6 o%@gsq?é- avid af:% éé@ég{q%ﬁ%pe”ed ‘o
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as Fam |y | dafdwass Wusietee QQFS thpcﬁﬂ%e@:@ﬁ@s&emeqmprme@eom t he 1 BM PERSONAL
COVPUTER AT and ‘ot her "1 BM conpati bl e" machi nes. The second famly,
referred to as Famly Il Mdels, use IBMs M CRO CHANNEL hus architecture
exenpl i fied by |¥NesTHEREERAERSYRSFERP oaneiodieh in Hihey fatedSnicrRRrGeaRsILyF |
nodel s typi Qﬂslehyim%\é@s&fa&dcd@awﬁwuhﬁmehhﬂﬁlopw&ﬁfoBQSS o mSE2 86vanced

m croprocessor as the r| nci rocess.o These cessaqrg have. t.he
b1y o PRt SREDRBRE e e BE RR bl SheloeRrY SOML AR LAYy BF cal |y
use the hi ghmdpéele bwﬁssw&ﬁraﬁo%& thathig0dB86Gpaed miprapeesasaps Whi ch can

;OPEH-ate In Eitechnology is applied to such arrays, problems heretofore encountered in
personal computer technology as here defined may be anticipated as

appearing in such enviromments.

With the advent of newer operating systems designed in part to use
the greater memory addressing capabilities of higher speed
microprocessors there has come a need to provide facility for expansion
of memory into the higher ranges. Such expansion is being accomplished
using devices knéwn as single inline memory modules, or SIMMs, made up
from memory modules having varying memory capabilities. While such
expansion has been accomplished (in part using strategies described more
fully hereinafter), the use of ever faster microprbcessors causes
quality and time-of-flight of signals exchanged in memory access to
become more critical. By "time-of-flight" is meant the amount of time
necessary for a signal to be éxchanged, such as for a data or address or
other control signal to be exchanged between physical memory modules and

the principal processor.

Looking toward the expansion of memory which may become desirable
as an existing personal computer is adapted to developing technology,
problems arise as SIMMs are used in accommodate such needs. In
particular, while SIMMS of varying capacity such as 1, 2, 4 or 8
‘megabytes and using an assortment of differenﬁ memory modules may be

inserted onto a local memory bus, the number of sockets required to

physically hold such SIMMs and variations among them lead to impedance



BC9- 90- 026 2 real node to enul ate the sl ower
speed | NTEL 8086 m croprocessor or a protected node which extends the
addressing range from 1 negabyte to 4 G gabytes for sonme nodels. In
essence, the real node feature of the 80286, 80386, and 80486 processors
provide hard&ﬁ{g C&ﬂpatlbl|lty W th soft e witten for the 8086 and 8088
M croprocessors. More recently, the” technology enbodied in the Inte
m croprocessors used in personal conputers has been proposed for use in

nore advancegiauRing! AMLEAMTEALS sudl!tho&fintd Hikhit Rlng 408 Cvhs PAIR) €

parallel or multiple™p roce55|ng arrays. g er speed m croproctessor
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appearing in,such environnents.
p p g increase expensrr? .

An alternative to SIMMs used in some computing environments is the
SITP (Single In-line Pin Package) memory module. The difference between
a SIMM and a SIPP arises from the form of connector used ~- SIMMs use
card e&ge connectors, while SIPPs use header pins. While the two forms
are not interchangeable in terms of installation into a computer system
environment, similar types of problems arise in systems using memory

expansion with SIMMs and those using SIPPs.

An alternative approach is the use of memory expansion cards or
boards accessed through the portion of the bus architecture provided for
installation of option cards or boards such as is known for'example, in
the more advanced personal computers described above, as the
MICROCHANNEL bus. While such an approach is viable, the inétaliation of
additional memory capability by installation of an option card uses up a
scarce resource (slots on the bus) and slows access to the added memory.
Further, such additions require more expensive data drivers which
potentially increase electromagnetic compatibility emissions and which,
in turn, lead to the use of preventative measures which cause signal

under- or over-shoot and timing skew problems.

According to the present invention there is provided a computer

system comprising:
a microprocessor;
a high speed local bus coupled to said microprocessor; and

a local bus memory facility coupled to and physically separable

from said local bus, said facility comprising:

Sheet Has Been Replaced
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W'th the advent .of newer operating systems designed in part to use the
‘greater nenory addressing capabilities of higher speed m croprocessors
there has cone a need to provide faciliity for expansion of nenory into the
hi gher ranges. Such expansion is being acconplished using devices known as
single inline menory nodul es, or SIMVs, made up from nenory nodul es having
varyi ng nenoB§-08petilities. Wile such expansi on has been acconplished (in
part using strategies described more fully hereinafter), the use of ever
faster mcroprocessors causes quality and tine-of-flight of signals
exchanged in nenmory &tctedstt Bn%éHBS?Haﬁ%rfé’rc'F‘?"t“ltb%ﬁ a“ﬁ;PmY}driégo‘fwPil’r’b@nt “is
meant the anount céfndcti®ns@A6SS abypdnetitd mbl@ttd tharebe; exchanged, such as
for a data or address or other control signal to be exchanged between
physi cal nenory nodul es and the principal processor. Looki ng toward
the expansion of nenstylegstconarngldtddemendesiccabdrentsnoantekiest i ng per sonal
conputer is adaptgss Qpshesebonin@g technol ogy, problens arise as SIM are
used in accommodate such needs. In particular, while SIMVS of varying
capacity such as 1, 2, 4 or 8 negabytes and using an assortnent of

different menory nodgl REndF}Yc iR rb NIRRT hStht@Aldh 8aldSabstFBEDNdbUS, the
nunber of sockets r%ﬁalred to physjically hold such SIMvs, and vari ations

anong them | ead £ouRlgActp58did volatile memory component and said
local bus, said memory controller regulating

communications between said volatile memory component

and sald microprocessor.

Further according to the present invention there is provided a
computer system comprising:

a microprocessor;

a high speed local bus couplea to said microprocessor;

a system bus;

a bus controller coupled to and providing communication between

said local bus and said system bus; and

a local bus memory facility coupled to and physically separable

from said local bus, said facility comprising:

at least one substrate for mounting and providing coupling

connections among components mounted thereon;

at least one volatile memory component mounted on

said substrate; and

a memory controller mounted on said substrate and
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3" i smatchi ng. Solutions for such inpedance mi smatching are avail abl e,

and require increased buffering (leading to sl ow ng of nenory accessing or

time-of-flight) or nore advanced semi conductor technology (leading to

i ncreased expense) An alternative to SIMVs used in sone conputing
envi r onnent qgsg?T?éGSI PP (Single In-line Pin Package) nenory nodul e. The

di fference between a SIMM and a SIPP arises fromthe form of connector used
-- SI MV use card eg?(g connect 0{ whil e SI PPs use h%ader pins. Wiile the
two forms are notPUPREErohafifXBaFilf ReBPRE cBPPINFEE AN9aF46h into a conputer
system envi r onnmeldcalshus laad stayaamsoéornﬁ:sblemssafrdl mendrp syst ens usi ng nmenory

expansion with S| d tho S8 usin ernative approach
is the use of ne‘r:r%l\l/lrl\{f/ exﬁaﬁe oﬁtjc':nér 8%'""'(‘)1?11%%&?83 bé%‘(‘:'eeesnsgal hrough the portion

of the bus archivadetile mepony dewpcnent |anétsadzldam1mpmceamn on cards or boar ds
such as is known for exanple, in

The invention may therefore be employed to provide for.memory
capability expansion while preserving favorable qﬁality and
time-of-flight for signals.exchanged with memory modules. In realizing
this object of the present invention, memory modules are coupled to the
microprocessor local bus, as distinguished from a system bus, planar
input/output (I/0) bus, or adapter card (for example MICRO CHANNEL) bus.
Further, the coupling of the memory modules may be accomplished using
controllers which present to the bus a common interface regardless of

the physical insertion or removal of additional memory modules.
In the drawings:

Figure 1 is a perspective view of a personal computer embodying

this invention;

Figure 2 is an exploded perspective view of certain elements of
the personal combuter of Figure 1 including a chassis, a cover, and a
planar board and illustrating certain relationships among those '

elements;

Figure 3 is a schematic view of certain components of a personal
computer as arranged in accordance with practice generally followed

prior to the present invention;

Figure 4 is a view similar to Figure 3 showing the arrangement of
certain components of the personal computer of Figures 1 and 2 in

accordance with this invention; and

Figure 5 is an enlarged, perspective view of portions of the

Personal combuter of Figures 1, 2 and &.

Thxs Sheet Has Been Replaced




t he nore advanced personal conputers descri bed above, as the M CROCHANNEL
bus. While such an approach is viable, the installation of additional
menory capability by installation of an option card uses up a scarce
resource (slots on the bus) and sl ows access to the added nenory. Further,
such additi Bry-p@g26r e nore expensive datasdrivers which potentially

i ncrease el ectromagnetic conpatibility em ssions and which, in turn,: | ead
to the use of preventative nmeasures whi ch cause signal under- or over-shoot

and tinm ng YesaibedPesemiption of Invention SUMMVARY OF THE | NVENTI ON
It is an object of the present invention to aneliorate one or nore

di sadvant ages of the prior art. According to one aspect of the
present inventi ofpilgetke iP§e§ﬁfk§viﬁ@@tmmbrbes‘$Qﬁcé#?@oﬁW seHg: a

mi cropr OcesSl{érriei@aﬂiegmﬁdhe%ife'f'bﬁéé)l%oﬁ-@s§£Homb@&39ihgb<ﬁ%w@ﬁ%se,ciﬁ yheaupl ed to

said m croprocessor; %gdy,stem bus; ‘a bus controller coupled to anq)

REPLA(IHVENH’H§QéEﬁ%§d e iment of the present invention is shown, it is to be
understood at the outset of the description which follows that persons
of skill in the appropriate arts may modify the invention here described
while still achieving the favorable results of this invention.
Accordingly, the description which follows is to be understood as being
a broad, teaching disclosure directed to persons of skill in the
appropriate arts, and not as limiting upon the present invention. In
particular, persons of skill in the arts relating to computer design and
use will recognize that this invention, while described hereinafter with
particular reference to personal computers, is applicable to computers
over a wide range of sizes and types, including those previously known

as mainframes and midsize or minicomputers.

Referring now more particularly to the accompanying drawings, a
microcomputer embodying the present invention is there shown and
generally indicated at 10 (Figure 1). As mentioned hereinabove, the
computer 10 may have an associated monitor 11, keyboard 12 and pripter
or plotter 14. The computer 10 has a cover 15 formed by a decorative
outer member 16 (Figure 2) and an inner shield member 18 which cooperate
with a chassis 19 in defining an enclosed, shielded volume for receiving
electrically powered data processing and storage componenfs for
processing and storing digital data. At least certain of these
components are mounted on a multiléyer planar 20 or motherboard which
is mounted on the chassis 19 and provides a means for electrically
interconnecting the components of the computer 10 including those
identified above and such other associated elements as floppy disk
drives, various forms of direct access storage devices, accessory cards

or boards, and the like.

The chassis 19 has a base indicated at 22, a front panel indicated

at 24, and a rear panel indicated at 25 (Figure 2). The front panel 24



4" prov‘i di ng communi cati on between said | ocal bus and said system bus; and

a |local bus nmenory facility directly coupled to and which can be physically
separated fromsaid | ocal bus, said facility conprising: a substrate for

nmounti ng and provi di ng coupling connections anong conmponents nount ed

t her eon; at Bo%ase-ocaée vol atile nmenory conponent nounted on said substrate;
and a nenory controller nmounted on said substrate and coupled to said at

| east one volatile nmenory conponent and said | ocal bus and said bus
control | er, ddfiidesv@tolaastorne obérebapdiand bpdaheatiorn| illuateateds ddubdeyekn

said at | easforoggc_e\'i%iﬁ gl Eaﬂﬁeg'@c;ﬁég@qm@@@ucﬁn& sad £kl geRle BUS m@é}getic or,

regul ati ng communj cations between said volatile mem)rﬁ conponent and said
8

ni cr opr ocesstptical diskgyc g, tApggPackupirizepeast thy ke pAasdwt 11insErate8n there
is provided srpgr&@asgt oFouFHsrehaysy 36,MBCAMMGI SAit0of AoWeE HAPE ADESSPRhrea hi gh
speed m croproce sor éoca% 1_1l}‘us di reé:]atlyzéqupl-(ﬁd tg said m croégr_oces or; a
syst em bus; HOBUL%ont1%PF P eCBRRSF P T02and praRFEHi 1Ry TR BHITE R CTAPRSA bet ween
said | ocal birdvesdfsaifirsytiem (zmsh asndhesd boain e S3.Feimahy df heis) ivhyle
directly CO%‘&&}I& %“is‘."é‘dagﬁ!g&% PeeceROX 450k Yors§PAaL B LhOWSAldst A%l
bus, said facility conprising: a plurality of subStTates each sarg
substrate fdsupbuast BnY aadd @Fboladd nipdc b | liower dumpetre adaptadivgressdponent s

‘mount ed t hergQRceLdeoid chesWhisd (3t £ fRalj ng: at |east one volatile

Prior to relating the above structure to the present invention, a
summary of the operation in general of a personal computer system as
generally architected prior to the present invention may merit review.
Referring to Figure 3, there is shown a block diagram of a personal
computer system illustrating the various components of such a computer
system, including components mounted on the planar and the connection of
the planar to the I/0 slots and other hardware of the personal computer
system. Connected to the planar is the principal processor 32 comprised
of a microprocessor which is connected by a high speed CPU local bus 34
through a bus control timing unit 35 to a memory control unit 36 which

. is further connected to a volatile random access memory (RAM) 38. While
any appropriate microprocessor can be used, one suitable microprocessor
is the 80386 which is sold by INTEL.

While the present invention will be described herein;fter with
particular reference to the system block diagram 6f Figure 4, it is to
be understood at the outset of the description of Figure 3 which follows
that it is contemplated that the apparatus and methods in accordance
with the present invention may be used with other hardware
configurations of the planar board. For example, the system processor
could be an Intel 80288 or 80486 microprocessor. Further, the system may

be one which uses multiple processors arranged in some suitable array.

Returning now to Figure 3, the CPU local bus 34 (comprising data,

address and control components) provides for the connection of the



menory conponent nmounted thereon; and a nenory controller nounted thereon
and coupled to said at |east one volatile nenory conponent and said | ocal
bus and said bus controller, said nenory controller being operatively

i nt erposed between said at | east one volatile nmenory conponent and said

| ocal bus anficg-®@ubzé i ng communi cati ons begween said at | east one volatile
menory conponent and said m cropr.ocessor. According to still another
aspect of the present invention there is provided a personal conputer
system conpr insémroeessbcrmr mmmshb:ropracdsfisgh Wpeedagherooptoridesdi,| ek bus

directly CO”QJH‘: Ln&’mos 91.”‘ A1 BT 4 %ﬁ'ﬁt%ﬁag“fuocﬁz;b%s Eplqer

coupled to an prOV| ConTiLni ¢ ween sai sald .
syst em bus; baffméﬂ itmstﬁ@rfopgnrﬂeat:&d |tt>ya dilpesn lsye@oémr@@red) tant—:he\/\/ﬁl"éh

can be phySI Q@ééﬂb§§ﬁ§?§£éﬂfjbﬁ§ om Sﬁ'sg édﬂm?@}.sﬂ'ésad&@kéi ta@e4 lahli Yedn@pd¥ i Si ng:
a plurality of substrates each said rate for mounting operating

conponent s aﬁ?f“pﬁlnﬁwﬁjl nah%éﬁf)‘fqmnﬁus 44 extends between the buf 2 and a
5 further buffer 68. The system bus 44 is further connected to a bus

coctrol and timing unit 35 and a DMA unit 48. The DMA unit 48 is
comprised of a central arbitration unit 49 and DMA controller 50. The
buffer 51 provides an interface between the system bus 44 and an
optional feature bus such as the MICROCHANNEL bus 52. Connected to the
bus 52 are a plurality of I/0 slots 54 for receiving MICRO CHANNEL

adapter cards which may be further connected to an I1/0 device or memory.

An arbitration control bus 55 couples the DMA controller 50 and
central arbitration unit 49 to the I/0 slots 54 and a diskette adapter
56. Also connected to the system bus 44 is a memory control unit 36
which is comprised of a memory controller 59, an address multiplexor 60,
and a data buffer 61. The memory control unit 36 is further connected
to a random access memory as represented by the RAM module 38. The
memory controller 36 includes the logic for mapping addresses to and
from the microprocessor 32 to particular areas of RAM 38. This logic is
used to reclaim RAM previously occupied by BIOS. Further generated by
memory controller 36 is a ROM select signal (ROMSEL), that is used to
enable or disable ROM 64. |

While the microcomputer system of Figure 3 is shown with a bésic 1
megabyte RAM module, it is understood that additional memory can be
interconnected as represented by the optional memory modules 65 through
67. :

A latch buffer 68 is coupled between the system bus 44 and a planar
I/0 bus 69. The planar I/0 bus 69 includes address, déta, and control
components respectively. Coupled along the planar I/O bus 69 are a
variety of I/0 adapters and other components such as the display adapter

70 (wﬁich is used to drive the monitor 11), a CMOS clock 72, nonvolatile



connect’i ons anong conponents nounted t hereon, wherein each said substrate
can be physically separated fromsaid |ocal bus and having: at |east one
vol atil e nmenory conmponent nounted thereon and which can be physically
separated therefrom and a nenory controller nounted thereon and coupled to
said at Ieasé oggtﬁglatile menory conponeny and said | ocal bus and said bus
. Q-9 ~- : . .
controller, & nenory controller being operatively interposed between
said at |east one volatile nmenory conponent and said | ocal bus and

regul ating CEFRURAN I Rd1e ihedfsRE el khdato | RARYRAM) Ca B0 8S iddBREERNDE Y a
conponent and said m.croproces | ON OF THE
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perspective iitewraft aomaidbaalss Ui atead g yhegpry hd4s | Theepéddbnly

' memory 64 includes the BIOS that is used to interface between the I/0
devices and the operating system of the microprocessor 32. BIOS stored
in ROM 64 can be copied into RAM 38 to decrease the execution time of
BICS. ROM 64 is further responsive (via ROMSEL sigrnal) to memory '
controller 36. If ROM 64 is enabled by memory controller 36, BIOS is
executed out of ROM. 1If ROM 64 is disabled by memory controller 36, ROM

is not responsive to address enquiries from the microprocessor 32 (i.e,

BIOS is executed out of RAM).

The clock 72 is used for time of day calculations and the NVRAM is
used to store syétem configuration data. That is, the NVRAM will
contain values which describe the present configuration of the system.
For example, NVRAM contains information describing the capacity of a
fixed disk or diskette, the type of display, the amount of memory, time,
date, etc. Of particular importancé NVRAM will contain data (can be
one bit) which is used by memory controller 36 to determine whether BIOS
is run out of ROM'or RAM and-wﬁether to reclaim RAM intended to be used
by BIOS RAM. Furthermore, these data are stored in NVRAM whenever a
special configuration program, such as SET Configuration, is executed.
The purpose of the SET Configuration program is to store values

characterizing the configuration of the system to NVRAM. .

Referring now to Figures 4 and 5, attention will be directed to the
distinguishing features of the present invention. Many of the operating
components of a personal computer embodying this invention are identical
to those of the preViously architected computer just described, and such
components will not here be described at length in the interest of
eliminating redundancy. Instead, like reference characters of a 100

order of magnitude are applied.

More particularly, it will be noted that the personal compﬁter of

this invention provides at least one local bus memory facility coupled



Figure 2 is an expl oded perspective view of certain elenments of the
personal conputer of Figure 1 including a chassis, a cover, and a planar
board and illustrating certain relationshi ps anong those el enents;

Figure 3 is a schematic view of certain conponents of a personal conputer

as arranged in acegrdance with practice ggnerally followed prior to the
pr esent invéﬁglﬂ%?gg Figure 4 is a 81em/sinilar to Figure 3 show ng

the arrangenent of certain conponents of the personal conputer of Figures

1 and 2 in Qce dapciath} Qe%)ghla'slia m&emtmna%@ngcal bus 136 JUe adcdrdafdd
e

enl arged, perspective view o rtions_of t .personal conputer of Figures

1, 2 and 4. with this invention, such a facility comprises a substrate for mounting
and providing coupling connections among components mounted thereon,
preferably in the form of a substrate printed circuit card or board 190.
At least one volatile memory component, illustrated as a SIMM 191 having
a plurality of memory modules 192 such as DRAM integrated circuit chips,
is mounted on the substraﬁe 190. The card or board 190 also mounts a
memory controller 194 which is coupled to the volatile memory component
191 and the local bus 134. The card mounfed memory controller 194
regulates communications between the volatile memory component 191 and

the microprocessor 132.

As illustrated in figure 5, a personal computer in accordance with
this invention preferably has a plurality of sockets 195 mounted on the
system planar and connected by planar pathways to the cpu local bus 134.
Thus provision is made for the manual insertion and removal of a
plurality of memory expansion cards 190. Each memory expansion card 190
has a plurality of SIMM sockets 196 mounted thereon and connected by
pathways on the card 190 to the resident memory controller 194 and to a
data driver 198 which provides impedance matching buffering, although in
some critical applications the delay caused by buffering could be offset .
by the use of very fast logic technologies such as ECL TTL. The use of
the data driver is contemplated as permitting the interface between a
memory expansion card in accordance with this invention and the cpu

local bus 134 to be fully specified while being isolated.

It is significant to note that there is a difference in the
location of the volatile memory in the architectures of Figures 3 and 4.
More specifically, the volatile memory in Figure 3 is coupled to the
system bus 44, while in Figure 4 it is coupled to the cpu local bus 134.
The architecture of this invention also has a s&stem bus 144 (Figure 4),
however the memory coupling is handled differently. It is the latter
characteristic, in part, which enables the provision of a resident

memory controller 194 on each of a plurality of expansion cards which,



BC9- 90-'026 . 6 Detailed Description of Invention
VWi le the present invention will be described nore fully hereinafter with
reference to the acconpanying drawi ngs, in which a preferred enbodi nent of
the present invention is shown, it is to be understood at the outset of the

description '%i-g&d(z%l | ows that persons of,skill in the appropriate arts may
nodi fy the invehtion here described while still achieving the favorable
results of this invention. Accordingly, the description which follows is to

be under st 0ogh 28rdhBges pbiHdde 1RAEKNNEN HoAS kNSt bn UEr RGHRY £ ipefysons of
skill in the_agppropriate arts, l?:jgsd,not as limting upon the present
i nvention. I'58riT E0IRISCH& NS SPVSEIPT in the arts relating to conputer

design and use will recognize that this invention, while described

hereinafter wt hrr&ahtség}ﬂ Q‘rlorcﬁiedf'u‘énxﬁ&now AT cQWB’fJ&?Te@ t:}lef1 caRPhbgabl e
to conputers over a wde range of sizes and types, including those -
previ ousl y kal3ers £2rndineiret#es Hngost dor z& lo¥ sadhpeompatihas a consumer may

Referring nowymarrbaidl eshpiithy mhtmiaspme@ykaﬁam@w NgS§talded while

m croconput er .enbodyi ng t he pgefent |nventd,on IS t er%hs{]own an
ma.ntaining the possibility of upgrading memory. ile prior
architecture (such as Figure 3) may be open to such a possibility, the
memory controllers required and the location among the bus architecture
is such that a more expensive controller is required and access times

. between memory and the processor are slowed.

For a high end or "power" user who buys a product intended for
maximum expandability, the use of the optional card bus for memory
expansion would significantly slow system performance. In contrast, use
of cpu local'bus'memary expansién decreases time-in-flight for-memory
access signals while accommodating expansion by use of any available

SIMM configuration.

The use of the cpu local bus for volatile memory access and
expansion and a common specified interface similar to the SIMM memory
interfaces used before the present invention allows the use of the
interchangeable cards 190 as described above. Further, the cards 190
may use any of a wide variety of memory modules, both as Fnown at the
time of this invention and developed in the future, through.the use of
the on-board memory controller. Service and down time are minimized, as
either an entire card or a SIMM mounted thereon may be isolated by
offsetting addresses during configuration or reconfiguration of a

system.

The total amount of memory carried by any given one card 190 may be
determined by a memory test or from sense bits. Control signals are

handled by a bus interface unit (BIU), operatively coupled with the bus

control timer 135.




generally indicated at 10 (Figure 1). As nentioned herei nabove, the
conputer 10 may have an associ ated nonitor 11, keyboard 12 and printer or
plotter 14. The conputer 10 has a cover 15 fornmed by a decorative outer
menber 16 (Figure 2) and an inner shield menber 18 which cooperate with a
chassis 19 igpgdrf-opé ng an encl osed, shiehged vol une for receiving
electrlcally pomered data processi ng and storage conponents for processing
and storing digital data. At |east certain of these conponents are nounted
on a nmul til ayer Agl alistZécedr (Mgubershoattd vhid hoo revemibegd 3N mbheedhessi s 19

and provides a s .f el ctrlcall |nt rconnecti h nents of the
conputer 10 e?‘ﬁ?ﬂ%a?rfgig%o?é FHéRt T fslygt a g@%aragﬁ'sugﬂﬂs ‘IE; mgs%to?i E e§
elements aschtdF) akiesknglredyves peveiti vers iflotive whilgi mectnlamsbe gtepeEye
devi ces, accgi?%%&)hf}a;ngﬁn&%lp(}ﬁr g%or@&%o’hﬁfh% 'cgfd 190 Botﬂ-@%dgp%gfs{:l% 19 has

a base indi #at front panel 1ndica 4, and a rear pane
i ndi cat ed atapb 108wy Be Popuigfeds (that %%Fné-}dezlpt bemg visible in Figure 5),

opening the possibilities of providing both a substantial range of
memory capability on each card and very large total capacity on a single
card where memory technology permits densities up to eight megabytes per
SIMM. '



BC9- 90- 026 T 7 defines at |east one open bay (and

.in the formillustrated, four bays) for receiving a data storage device

I

'such as a disk drive for nmagnetic or optical disks; a tape backup drive, or

gthe like. Inthe illustrated form a pair of upper _ lpair
-of lower bays-3§-0280 are provided. One pf the upperm 4 m m ed to

recei ve peripheral drives of a first size (such as these known a% 3*5 inch
drives) while the other 28 is adapted to receive drives of a selected one
of two sizes (such as 3.5 and 5.25 inch) and the | ower bays are adapted to
recei ve devices of only one size (3.5 inch). Prior to relating the
above structure to the present invention, a summary of the operation in
general of a personal conputer system a%lid¥®erally architected prior to the

- present invention may nerit review Referring to Figure 3, there is shown a

t bl ock di agram o

~of the personal

a personal conputer, systemillustrating the various
conponent s of SAIEATBEESNPNTTER fEW8f ncl udi ng conponents nounted on the
pl anar and the connection of the planar to the I/O slots and ot her hardware

2 GQ0puter system Connected to the planar is the principal
processor 32 conprlséH'S? a M croprocessor which is connected by a high
speed CPU | ocal bus 34 through a bus control timng unit 35 to a nenory

control uni t 36, WiLeNeSa LN sCONRRE 8 LA PniOlBlidSabandRE access

menory (RAM 38. any appropriate m croprocessdor can be used, one

| suitable m croprocessor

a local bus memory facility coupled to and physically separable

from said local bus, said facility comprising:

at least one substrate for mounting and pfoviding coupling

connections among components mounted thereon;

at least one volatile memory component mounted on

said substrate; and

a memory controller mounted on said substrate and
coupled to said volatile memory component and said
local bus, said membry_controller regulating
communications between said volatile memory component

and said microprocessor.
2. A computer system comp?ising:
a microprocessor;
a high speed lqcai bus coupled to said microprocessor;
a4 system busy

a bus controller coupled to and providing communication between
said local bus and said system bus; and

T
i This Sheét Has

i



I's the 80386 which is sold by | NTEL. VWi | e the—present |nvent
will be described hereinafter with particular referenc Ms‘\\ m ock
diagram of Figure 4, it is to be understood at the ouat%‘““ \

description of Figure 3 which follows that it is conte ated ‘t hat the
appar at us aW&*ﬁ@raﬁﬂs in accordance withléhe present invention may be used
W th other hardware configurations of the planar board. For exanple, the
‘'syst em processor could be an Intel 80286 or 80486 m croprocessor. Further,
the system may Beleffd W @AmeRYe§acility spupindobe sa6r hysiratgesenarabine.

suitabl e ar gpdh said locaRehl| NaRg fRWM itg EbuP#iSing: the CPU |l ocal bus 34
(conprising data, address and contr ol conponents) provides for the _

connection of the BC9- 90- 026 8
at least one substrate for mounting and providing coupling

connections among components mounted thereon;

at least one volatile memory component mounted on

said substrate; and

a memory controller mounted on said substrate and
coupled to said volatile memory component and said
local bus and said bus controller, said memory
controller regulating communications between said

"volatile memory component and said microprocessor.

3. A computer system according to Claim 2 further comprising a system
planar mounting said microprocessor and providing operative
communication among said microprocessor, said local bus, said system
bus and said bus controller, and further comprising a socket mounted on
said system planar for removably receiving a substrate and for thereby
establishing communication between said volatile memory component and
said memory controller of a substrate so received and said

microprocessor, local bus, system bus and bus controller.

4, A computer system according to Claim 3 wherein said substrate

receiving socket mounts a substrate inserted thereinto to extend at a -

right angle to said planar.

5. A computer system according to Claim 3 wherein said substrate is a
printed circuit board and further cowprising a plurality of memory
component sockets mounted on each said circuit board for removably

receiving a corresponding plurality of memory components.

Thls Sheet Has Been
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nfcrop?ocessor 32, a math coprocessor 39, a cache controeller—40, and a
cache nenory 41. Also coupled on the CPU |ocal bus 34 is a buffer

buffer 42 is itself connected to a slower speed (conpa m‘m \l m uical
bus) system bus 44, also conprising address, data and

The systen1bn$4nmom&tends between the bufiser 42 and a. furtfier buffer 68.

The system bus 44 is further connected to a bus control and timng unit 35
and a DVA unit 48. The DVA unit 48 is conprised of a central arbitration
unit 49 and6bDVA Ac opiputkek exccbdinghto Boffare 81 qirims debo anwhenednfsedd bet ween
Lhe syst em Beviaeafithsdd bR NAbad A3 I GhDUSHEY WL Bron hepdlabPOR NNy buS
52. Connected to t bus 52 are a plarality OF /O slots 54 for receiving
M CRO CHANNEPU% @&geRsftegar ds whi ch may be further connected to an 1/ 0O device
or nenory. An arbitration control bus 55 couples the DVA controller
50 and central arbitration unit 49 to the 1/O slots 54 and a di skette
adapter 56. Al so connected to the systembus 44 is a nenory control unit 36
which is conprised of a nenory controller 59, an address nultipl exor 60,
.and a data buffer 61. The nmenory control unit 36 is further connected to a
-random access nmenory as represented by the RAM nodul e 38. The menory
controller 36 includes the logic for mapping addresses to and fromthe

. m croprocessor 32 to particular areas of RAM 38. This logic is used to
‘recl ai m RAM previously occupied by BIOS. Further generated by nmenory
controller 36 is a ROM sel ect signal (ROVSEL), that is used'to

Rep\aced
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enabl e or di sabl e ROM 64. Wil e the mcroconputer systemof Figure 3
Is showmn with a basic 1 negabyte RAM nodul e, -it is understood that
addi ti onal menory can be interconnected as represented by the optional
~menory nodul es_65 _through 67. A latch buffer 68 is coupled between
‘the system 399P28nd a pl anar 1/ 0O bus 6% The pl anar 1/ 0O bus 69 includes
“address, data, and control conponents respectively. Coupled al ong the

pl anar 1/O bus 69 are a variety of I/&%ﬁg&ers and ot her conponents such
as the display adapter 70 (which is u drive the nonitor 11), a CMOS
clock 72, nonvol atile BC9- 90- 026 9

PERSONAL COMPUTER WITH LOCAL MEMORY EXPANSION CAPABILITY

This invention relates to a.personal computér having facility for
ready variation in the amount of memory capability available on the
microprocessor local bus. The personal computer has a microprocessor, a
high speed local bus coupled to said microprocessor, a system bus, 4 bus
controller coupled to and providing communication between the local bus
and system bus, and a local bus memory facility coupled to and
physically separable from the local bus. The local bus memory facility:
is provided by a substrate, preferably a printed circuit card, for
mounting and providing coupling connections among compbnents mounted
thereon, at least one volatile memory component mounted on the card, and
a memory controller mounted on the card and coupled to the volatile
memory component, local bus and bus controller, with the memory
controller regulating communications between the volatile memory

component and microprocessor.

e
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CMOS RAM 74 herein after referred to as NVRAM a RS232 adapter 76, a
paral l el adapter 78, a plurality of tiners 80, a diskette adapter 56, an
interrupt controller 84, and a read only nmenory 64. The read only nenory
64 includes the BIOS that is used to interface between the 1/0 devices and
the operating system of the microprocessor 32.5BIOS stored i n ROM 64 can be
copied into RAM 38 to decrease the execution tinme of BICS: ROM64 is
further responsive (via ROVSEL signal) to nenory controller 36. If ROM 64
is enabl ed by nenory controller 36, BIOS is executed out of ROM If ROM 64
I s disabled by menory controller 36, ROMis not responsive to address
enquiries fromthe m croprocessor 32 (i.e. BIOS i s_executed out of RAM.
The clock 72 is used for time of day cal cul ati ong e NVRAMis used to
store systemconfiguration data. That is, the ; cont ai n val ues
whi ch describe the present configuration of the exanpl e, NVRAM
contains information describing the capacity of or diskette,
the type of display, the anount of nenory, ti O particular
i nportance NVRAM wi I | contain data (can be one
controller 36 to determ ne whether BIOS is ru
whet her to reclaim RAM intended to be used by/ B el mor e, t hese
data are stored in NVRAM whenever a speci al
*SET Configuration, is executed. The purpose
‘programis to store val ues '

/
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characterizing the configuration of the systemto NVRAM Referring
now to Figures 4 and 5, attention will be directed to the distinguishing
features of the present invention. Many of the operating conponents of a
personal conputer enbodying this invention %[g identical to those of the
previ ously architected conputer just descri , and such conponents w ||
not here be described at length in thet™qterest of qhgninating redundancy.
I nstead, |ike reference characters of a_100\order ©Af nmagnitude are applied.
More particularly, j4—wll be noted thar=the persgnal conputer of this

I nvention providesjat |east gae | ocal bus nenory~acility coupl ed
BC9- 90- 026

75 <
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to and physically separable fromthe cpu local bus 134. In accordance wth
this invention, such a facility conprises a substrate for nounting and
~provi ding coupling connections anong conponents nounted thereon,
preferably in the formof a substrate printed circuit card or board 190. At
| east one volatile nenory conponent, illusBrfdied as a SIHM 191 having a
plurality of nmenory nodul es 192 such as DRAMintegrated circuit chips, is
nount ed on the substrate 190. The card or board 190 al so nounts a nenory
controller 194 which is coupled to the volatile nenory conmponent 191 and
the local bus 134. The card nounted nmenory controller 194 regul ates

conmmuni cati ons between the il e menory conponery 191 and the

m croprocessor 132. o lflustrated in ré& 5, a personal conqu§'

i n accordance with this i ) < plurality of sockets ¥p5
nmounted on the system pl r % ert athways to the cpu,

| ocal bus 134. Thus proW-Si L.$ mad | nsertion and rennda
of a plurality of nennrgie ) nory expansi on car ’
190 has a plurality of Sl i ereon and connected b

pat hways on the card 190 t =Yata ller 194 and to a
data driver 198 which pr V|d@§ npedarEe—+Ha kyfffering, although in
sonme critical applicati@®gs el ay jc ri ng coul d be offset by

L. The use of the
ce between a nenory

Qe cQu
£¥y

t he use of very fast Io&c t echnol ogife
data driver is contenpl ated as perm tt
expansi on card in accordance with thies
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" 1 ] -
| ocal bus 134 to be fully specified while being isolated. It is
significant to note that there is a difference in the'location of the
volatile nmenory in the architectures of Figures 3 and 4. Mre specifically,
the volatile menory in Figure 3 is coupled to the systembus 44, while in
Figure 4 it is coupled to the cpu | ocal bub/B34. The architecture of this

i nvention also has a system bus 144 (Figure 4), however the menory-¢coupling
i's handl ed differentlypr=tt-is-the-fatter-tharacteri-stiT,lin part, which
enabl es the provision pf a resident nmenory controller 194 on each of a

plurality of expansion!cards which, BC9- 9Q- 026 !
11 In turn, nakes possi bl ease in nodificati of imenory facility
whi ch is an object I hi s dnyenii
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The use of a local bus menory expansion card such as the card 190 al | ows
for a reduction in cost for a low end user in that a consunmer may buy a
personal conputer with mninmal nenory capability installed while ma

ntai ning the possibility of upgrading nmenory. While prior architecture
(such as Figure 3) may be open to such a p8skhbility, the nenory
controllers required and the | ocation anong the bus architecture is such
that a nore expensive controller is required and access tines between
menory and the processor are slowed. For a high end or "power" user
who buys a product intended for maxi mnum expandability, the use of the
optional card bus for nenory expansion would significantly slow system
performance. In contrast, use of cpu |l ocal bus nenory expansi on decreases
time-in-flight for nenory access signals while accommbdati ng expansi on by
use of any avail able SIMM configuration. The use of the cpu | ocal
bus for volatile nmenory access and expansi on and a comon specified
interface sinlar to the SIMM nenory interfaces used before the present
invention allows the use of the interchangeabl e cards 190 as descri bed
above. Further, the cards 190 may use any of a w de variety of menory .
nmodul es, both as known at the tine _of this invention and devel oped in the
future, through the use of

720




t’he on-board nenory controll er.

"either an entire card or a SIMM nounted thereon may be isol ated by

of f.setting addresses during configuration or
anount of nenory carried by any given one card 190 may be
determ ned by a nenory test or from sense bits. Contrﬁaﬁmﬁ.aﬂ:

The t ot al

timer

by a bus interface unit (BTU), operatively coupled w EMEN(fOSﬁEET

: BC9- 90- 026 12 AS
illustrated (Figure 5), the card 190 pre“érably i s nmolnj QUN%bgnd
right angles to a system planar 120. SIMVs 191 nountef on th

Service and down tinme are mini nmi?P&85 e

PERSONAL COMPUTER WITH LOCAL MEMORY EXPANSION
CAPABILITY

ABSTRACT

This invention relates to a personal computer having facility for ready variation
in the amount of memory capability available on the microprocessor local bus. The

personal computer has a microprocessor (132), a high speed local bus (134) coupled

" to said microprocessor (132), a system bus, a bus controller (135) coupled to and

providing communication between the local bus (134) and system bus, and a local bus
memory facility coupled to and physically separable from the local bus (134). The
local bus memory facility is provided by a substrate, preferably a printed circuit cafd,
for mounting and providing coupling connections among components mounted
thereon, at least one volatile memory component (191) mounted on the card, and a
memory controller mounted on the card and coupled to the volatile memory
component (191), local bus (134) and bus controller (135) with the memory
controller (194) regulating communications between the volatile memory component

(191) and microprocessor (132).

FIG. 4

reconfiguration of a system



caria'-_J.QQ are angled to permt ventilation while maxim zing the rre?f‘reo {/" zfes
potentiall'y nmountable on a corresponding card 190. Both sides of the card
190 may be popul ated (the back side not ‘being visible in Figure 5), opening
the possibilities of providing both a substantial range of nenory
capabi-lity on each card and very large tdtal capacity on a single card
where nenory technology permits-densities up to eight negabytes per 'SIMM
13 ' CLAI M5 1. A conput er, system corrgri si ng:

a mcropro®dsugfiching. Sglwtignssfrregush dPBYIBELIESPAtTdnE His2triiabley
coupl ed t o andi feqiiigt OfHcRELSSTObuffering A 18¥EIngM D BIpwing of anehoSy b Dirlger
coupled to and.pbro i_glgn omuni C%}%i on hetween said |l ocal .bus and aig
syst em bus;m"ag?i“pe of igﬁﬁgaqr BeE® AERBIY f%f’é“i"??'fdf}m P &&F %0185&&181@'8(1?% fd
whi ch can biacpkgssidcexpepsskparated fromsaid | ocal bus, said facility
conpri si ng:
An alternative to SIMMs used in some computing environments is the
SITP (Single In-line Pin Package) memory module. The difference between
a SIMM and a SIPP arises from the form of comnector used -- SIMMs use
card edge connectors, while SIPPs use header pins. While the two forms
are not interchangeable in terms of installation into a computer system
environment, similar types of problems arise in systems using memory

expansion with SIMMs and those using SIPPs.

An alternative approach is the use of memory expansion cards or
boards accessed through the portion of the bus architecture provided for
installation of option cards or boards such as is known for example, in
the more advanced personal computers described above, as the
MICROCHANNEL bus. While such an approach is viabie, the installation of
additional memory capability by installation of an option card uses up a
scarce resource (slots on the bus) and slows access to the added memory.
Further, such additions require more expéﬁsive data drivers which
potentially increase electromagnetic compatibility emissions and which,
in turn, lead to the use of'preventative méasures which cause signal

under- or over-shoot and timing skew problems.

SUMMARY OF THE INVENTION
It is an object of the present invention to ameliorate one or
more disadvantages of the prior art.
According to one aspect of the present invention there is
providedcébmputer system comprising: a microprocessor; a high
speed microprocessor local bus directly coupled to said

microprocessor; a system bus; a bus controller coupled to and

fe o e —
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a @ubstrate for mounting and prOV|d|ng coupl i ng connections anong
‘conponefits mounted t hereon; at | east one volatile nenory conponent
nount ed on said substrate; and a nmenbry controller nmounted on said
substrate and coupled to said at | east one volatile nenory conponent and
sai d | ocal providiny smmgubisaciont bekween ssdiddloeaipbpscand raglide sybedmdus;

oper at vel Yninh S{AOSChICHURER, FALd1ALy | AASL PSRl S L6 HRIVEY R UROnen!

and said |l ocal bus and re u at’i n% comruni cati ons bétween sai d
nenor y conﬁenehysmwaﬁapﬁ%ﬁ% geBseId lpcal Iy egmpufasildf¥t em
according tc@m@kﬂsmgi far rshsétfawalfbﬁlrﬂ@n&mysaﬁdnpﬁoamaingrwmpumggsal d

m cr opr ocessor rovidin erative col cation n

T o obr ocecareStlety Bty "ToBetn "SoSten BheRerd a6 Th ks SRBrYa kAt e
and furt hennemonprccmpvgleatswkrmedrmunsw Gubsirat ey shdna phemvay fontrailerabl vy
receiving $ifeLQCH YT E‘&‘]Hé!ﬁ’atf a&hb'éa{;pl%ﬁ' Qo S&Q'&ehcff’éas%sbﬁ@é,—éﬂe}ae

communi cati on between (a) said | east one volatile nmenory conponent and
sai d' menor JeRERY r ePIRINeHE %%EFcFalléc&Pc%§%ﬁ‘B@ySEF1é’cPPFt‘§/°I¥té'@é|19§d g3} ei n

and (b) salnfémm:yr@csﬁ\ﬁ%aaaerbeirg;c@bebgﬁlveﬁxﬁ&ﬁﬁefg&eansem&rpgamoéd er. 3.
The corrputshs gstem a cor to claim?2 v\,heralI n sa;d sgﬁ%gegt naunts sai d
| ocal bus mERBFY°TR9 eé?‘ilgdc?‘ﬂ%‘?riﬁnﬁtén §H % 4PER PRfe t her eof
ext endi ng abgalatg’ag camg-lmﬂaatimisdbegméennsphdnmlatd;le méftheryC enfppbmeentsy st em

according tQ.clLai g;gbgséoq! d local bus nenory facility is a printed
circuit boarg furth nprising a plurality of memory conponent
socket s nDuntedpﬁﬁogdiﬂg to one aspect of the present invention there is

provided a personal computer system comprising: a microprocessor;
a high speed microprocessor local bus directly coupled to said
microprocessor; a system bus; a bus controller coupled to and
providing communication between said local bus and said system bus;
and a local bus memory facility directly coupled to and which can
be physically separated from said local bus, said facility
comprising: a plurality of substrates each said substrate for
mounting and providing coupling connections among components
mounted thereon, each said substrate having: at least one volatile
memory component mounted thereon; and a memory controller mounted
thereon and coupled to said at least one volatile memory component
and said local bus and said bus controller, said memory controller
being operatively interposed between said at least one volatile
memory component and said local bus and regulating communications
between said at least one volatile memory component and said
microprocessor.

According to still another aspect of the present invention
there is provided a personal computer system comprising: a
microprocessor; a high speed microprocessor local bus directly
coupled to said microprocessor; a system bus; a bus controller
coupled to and providing communication between said local bus and
said system bus; and a local bus memory facility directly coupled
to and which can be physically separated from said local bus, said
facility comprising: a plurality of substrates each said substrate

for mounting operating components and providing coupling

REPLACEMENT SHEET
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cigfcuit board for renmovably receiving a corresponding plurality of nenory
cdrrponénts. 14 5. . The conputer
system according to one of claim1l or claim2 or claim3 or claim4 wherein
said substrate has a nenory capacity in the range of from 1l negabyte to

si xty four megabytes. 6. A personal cofputer system conprising: a

m cr opr ocessor; a high speed m croprocessor |ocal bus directly coupled
to sai d meMBECcoéenspmong comporgnise fPpRed thereephwhesein rafidhepatdupl ed to

and provi diubt¢aeRUSE Ad PAYBELYERN s8BhFat F FroRUsaidndosal buxy ahgm bus; and
a |l ocal bq$ menory facility directly coupled to and which can_be ghy5|cally
separ at ed 10m%ai @t | t BBE, VLAY LPaRPTIRY COBRMISRS mgunted thergon apd ¢y
of substr atleissheaah baiphysikallptsefaented uwtdregrand gudosi wenagycoupl i ng

connect i ong, ATRRY. CORRANYY EnlPMR! St DELSRY 536N St sHRstyat e havi ng:

volatile memory component and said local bus and said bus
controller, said memory controller being operatively interposed
between said at least one volatile memory component and said local
bus and regulating communications between said at least one

volatile memory component and said microprocessor.

DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

In the drawings:

Figure 1 is a perspective view of a personal computer embodying

this invention; ;

Figure 2 is an exploded perspective view of certain elemerits of
the personal computer of Figure 1 inclqding a chassis, a cover, and a
planar board and illustrating certain relationShipg among those

elements;

Figure 3 is a schematic view of certain components of a personal
computer as arranged in accordance with practice generally followed

prior to the present invention;

Figure 4 is a view similar to Figure 3 showing the arrangement of
certain components of the personal computer of Figures 1 and 2 in

accordance with this invention; and

Figure 5 is an enlarged, perspective view of portions of the

personal computer of Figures 1, 2 and 4.

18 SEP 997




atpl east one volatile menory conponent nounted thereon; and a nmenory

controlf er mounted thereon and coupled to said at |east—one volatile nenory
conponent and said | ocal bus and said bugszcontrolleéer, said nenory S

controller being operatively interpose en -sai:dLHum i atil e
menory conponent and said | ocal bus an rgigx%vleati ng, comM ﬁﬂﬂ"ﬁmm ween
A

said at | ehst oRecomguieir] sysesmropmpoiptment and sai d mi cf opt odessor * 7.
personal conputgr %%‘;%.9 j si ng: a m croprocessor; a hi-gh
speed m cropr ocestgpr oca% %%’ts directly coupled to said m croprocessor;
a system bus; @ high fpsedoRisrAnrereesep | IaFal obwhdiprevldidntréednimiasdd on

bet ween samiltdpfrdceBysSrand said system bus; and a |l ocal bus nenory
facility directly caou Igd to and which can be physically separated from
said local bus, 2s¥FFaC Fity conprising: a plurality of substrates

each sai d subst aates fantrolh¢r mpuppedato regpde prpeitEings camlirication Ng
coupling cR %tni g%%a{@ %%gpgﬂgrgag_dfngggégglb&gerw, wherein each said
ep r focal b

substrate can ysicall'y separated, m sai us and havi ng:
at | east one voRat9dal mEgongreBNFeGdhityslirectly movpdad il apdi whickarrare

physi cal | ypseRafsdtcatl1§ Nedifia@Rl A6 said local bus, said facility
comprising:

a substrate for mounting and providing coupling connections
among components mounted thereon;

at least one volatile memory component mounted on said
substrate; and -

a memory controller mounted on said substrate and coupled to
said at least one volatile memory component and said local bus and
said bus controller, said memory controller being operatively
}nterpqsed between said at least one volatile memory component and
said iocal bus and regulating communications between said volatile
memory component and said microprocessor.

2. The computer system according to claim 1 further comprising a
system planar mounting said microprocessor and providing operative
communication among said microprocessor, said local bus, said
system bus and said bus controller, and further comprising a socket
mounted on said system planar for removably receiving said local
bus memory facility, said socket for establishing communication
between (a) said at least one volatile memory component and said
memory controller of said local bus memory facility received
therein and (b) said microprocessor, local bus, system bus and bus
controller.

3. The computer system according to claim 2 wherein said socket
mounts said local bus memory facility inserted thereinto with said
substrate thereof extending at a right angle to said system planar.
4. The computer system according to claim 2 wherein said local
bus memory facility is a printed circuit board and further
comprising a plurality of memory component sockets mounted on said

circuit board for removably receiving a corresponding plurality of
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one vol®atile menory conponen and said | ocal bus roIIer,
said nenory controller bei ng operatlvely14nterpo at | east
one vol ati onent and said_] ocal bus nd re ulatln

communi cat jIEOns gg‘f’ @ﬁds}éﬁtqrréggf:°’6‘?1’é‘3/&°af’?‘i’ eafrrgf'rﬁ?“g ]cé’r?pSﬁ%?'FP 27 said
m croproces$aim 3Bor clagn ptem:enain csxiqdusebstsqaieehaacacmredbng ¢apaarieyoincl ai m
6 or clai my, T :?%%fcf? 115 138a Egéé’sctoe@l xR % sai d

m croprocessor providing o tive co nlcatlo nDng said

ni cr opr oce8sor , AspgxpIngdarompiaters gyatey scamrpaingnd sai d bus control | er,

and further conprhséfpracBbsésl ity of sockets mounted on said systenlplanar
each for renovablg recei ving, a correspondi ng_one of, said plurality of
substrates and Fof*$thEPE6) BLEARCSAPRYT n]P‘é%tq%ﬁcB%Yvﬁé’é‘Png)t%aﬁaddat

| east one mbéwipdoeeseodyy conponent and said nenory controller nounted on
sai d correspondgnggggﬁbgh said plurality of substrates and (b) said

m croprocessor, |0 ‘system bus and bus controller. 9. The personal
conput er systerriia]@%ﬁ)r@nﬁg‘owﬂcIQQUMSdV\treraéldnpﬁa‘ciﬂi@E safmbrgloatabnt y of
sockets ”Dﬂééﬁee%@'sglﬁoi&?aﬁp%ﬂg'Qﬂd%dofsréé‘ér&i RisYraid ty of substrates to

extend at a right angl e to said si_ystem anar
a local bus memory facility dlrectly coupled to and which can

15  , a menory controller nounted thereon and i@ 10 sal d at | east

be physically separated from said local bus, said facility
comprising:

a plurality of substrates each said substrate for mounting and
providing coupling connections among components mounted thereon,
each said substrate having:

at least one volatile memory component mounted thereon; and

a memory controller mounted thereon and coupled to said at
least one volatile memory component and said }ocal bus and said bus
controller, said memory controller being operatively intefposed ‘
between said at least one volatile memory component and said local
bus and regulating communications between said at least one
volatile memory component and said microprocessor.

7. A personal computer system comprising:

a microprocessor; _

a high speed microprocessor local bus directly coupled to said
microprocessor; '

a system bus;

a bus controller coupled to and providing communication
between said local bus and said system bus; and

a local bus memory facility directly coupled to and which can
be physically separated from said local bus, said facility
comprising:

a plurality of substrates each said substrate for mounting
operating components and providing coupling connections among
components mounted thereon, wherein each said substrate can be
physically separated from said local bus and having:

at least one volatile memory component mounted  theXeon R mmmm—m

which can be physically separated therefrom; and REPLA{IH&ENT‘SHEET
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103 ,The personal conputer system according to clai nmlmmlrnﬂguﬂ ji§j of said
plurality of substrates is a printed circuit board q m rising a
plurality of menory conponent sockets nodfted on; safd Tircu®t Boatd for

renpovably recei i Qéménf YonesIed RbuRt sl alHdréonl alle BRY160RPRENESar 11. The
conput er rsrg(stem according to one of claimJl or claim?2 or claim3 or claim

4 or clai m828r WEVALFt e MEMRTE LN RODERE b AR 18 olfrie RS capfh Saddsbys

si ngl e inl cogtrEmeyy Baid menlvayi aontrdTeRr Ye P kit Bieldt ihEaioseae
megabyte. 1g.Je LOUPUL el AXSLED AG6ndLNG.L 000800 ol alih I Of; qlabm 2 or
claim3 or cT‘al m £°0r craime or clarm erernce Ssal d nmenory SShponent
conpri ses husianf ecgnlaningrmenmyniheafulomssbétetend shidmtakeagt tdre gr oup

consi sti NgyR{aSi N0 hRmbP | S BRERE Yard® Pdli §Sm¥¥ddpFBODEY- Capaci ties of one

megabyte, two rre%abyt es, four megabytes and ei ght nmegabyt es.
8. The personal computer system according to one of claim 6 or

claim 7 further comprising a system planar mounting said
microprocessor and providing operative communication among said
microprocessor, said local bus, said system bus and said bus
controller, and further comprising a plurality of sockets mounted
on said system planar each for removably receiving a corresponding
one of said plurality of substrates and for thereby establishing
communication between (a) said at least one volatile memory
component and said memory controller mounted on said corresponding
one of said plurality of substrates and (b) said microprocessor,
local bus, system bus and bus controller. .
9.  The personal computer system according to claim 8 wherein each
of said plurality of sockets mounts said corresponding one of said
plurality of substrates to extend at a right angle to said system
planar.

10. The personal computer system according to claim 8 wherein each
of said plurality of substrates is a printed circuit board and
further comprising a plurality of memory component sockets mounted
on said circuit board for removably receiving a corresponding
plurality of memory'components.

11. The computer system according to one of claim 1 or claim 2 or
claim 3 or claim 4 or claim 6 or claim 7 wherein each said memory
component comprises a siﬁgle inline memory module having a memory
capacity of at least one megabyte.

12. The computer system according to one of claim 1 or claim 2 or
claim 3 or claim 4 or claim 6 or claim 7 wherein each said memory
component comprises a single inline memory module selected from
among the group. consisting of single inline memory modules with
memory capacities of one megabyte, two megabytes, four megabytes

and eight megabytes.
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