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BACKGROUND OF THE INVENTION
1. ield of the Invention:
10
The present invention relates to the field of computer systems and
associated memory structures. More particularly, the present invention relates
to a bus architecture designed specifically for integrating data and
video random access memory (RAM) modules.
15

2. Art Background:

General purpose compuler sysiems usually contain one or more buses
20 for interconnecting the various active components operating within the
‘computer system. A bus may be generally described as a group of signal lines
over which information is transferred from any of several sources to any of
several destinations. Physically, a bus is a collection of wires routed on the
computer motherboard and terminating at sockets into which may be inserted
25  a variety of active devices. The active devices are usually constructed in

modular form and generate and receive the signals transmitted over the



':Genetfal pur pose conputer systens usually contain-.one or nore buses 20 for
interconnecting the various active conponents operating within the
conput er system A bus nay be generally described as a group of signal
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over the bus i'n a manner unique to the 10 particular s enpl oyi ng such
si gnal .10Fopadicainy| s esypleyibg sech signalb&or examplessoimethaed sagdei gned to

accompdate a.n n})er of Qus masters, and i CE bus oper atj on nust
acconmodat é’agfcg‘#d s9signgd o 5§°_‘1"P‘Fé‘°a%f§ Adpunter of ihyg astesen ARy hich bus
operation must accommodate signals issued by the masters seeking to control
any of severalslaves operating on the bus. Alternatively, another bus may be

more generally designed to accommodate any of several arbitrary devices

15 operating on the bus, and does not favor any particular operating characteristics
of the devices connected to the bus. Further, all buses are constrained to
operate within the physical design limits of the bus, in terms of bandwidth,
data rate, and clock frequency.

20 Also in the pasl, memory devices operating on a bus were typically

grouped into modules according 1o the type of memory function to be served.
- Typically, one form of memory, for example main memory,would be coupled to the bus
to which is connected the processor, or processors in a mulliprocessing system

pfocessors. Depending on the specific organization of such a computer system,

&

addilional memory components forming memory for other purposes, such as
non:volatile memory or memory dedicated to video frame buffers, may be

grouped into modules coupled to buses other than the bus connecting main
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- any of several slaves operating on the bus. Alternatively, another bus may

be - nore generally designed to accompdate any of several arbitrary
devices 15 operating on the bus and does not favor any particul ar
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frequency | so in the past,” menory devices operating on a bus
wer e typlcally grouped i nto nodul es according to the type of nenory
fyunction to be served. Typical ly, one formof nmenory, for exanple main

nenory, woul d be cuprehiacompnidensystem havingmgmary dler@e;iﬁﬁbewoa nhumber of
| t
Pependi ng Son RASES ST 19 y*%y%aq%“aa%ﬁmﬁSﬁiﬂ%ﬁ%ﬁfﬁ%ﬁ‘ﬁwsre@@gie“ﬁa%er
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menory to the processors. Further, additional nmenory hay be
I ater added tdevixe operatingopatremady e sy stach. bMogea)mpelmla\m disggbutrddi f f er ent
bus. modules requiies Tore ared Within The compater sybtem in order to 0"
a nunber of memory modules req 0 e comp ys orde
10 accommodate the several bus data paths and memory groupings. Another
consequence of having distributed memory groupings is that the memory
modules inserted in such a memory group are specific to that memory group
and cannot be interchanged with memory modules from another grouping.
That is to say, a memory module from main memory generally cannot be
15 interchanged with a memory module for a video frame buffer operating on a
different bus, principally because the control signals to the video frame buffer
memory are different from the control signals directed to the main memory
module. The generic problem in all of these various distributed bus systems is
that the number of signal lines to accommodate the various types of control
20 signals and signal conditions can become large. This adds to the general

complexity, and therefore the cost and reliability of the overall computer

‘ system.



‘5 . byses, access to the various nenory nodul es can be hanpered by the

nunber - * of data paths, controllers and interface chips through which
si gnal s nust travel froma processor seeking to retrieve or wite
data fromor to a nenory dwwte bus system

Mor eover, having distributed menory nodules requires nore area within
the conputer systemin order to 10 acconmmpdate the several bus data paths

and nenory groupi nlgs. Anot her . consequence of having distributed
menory groupi ngs i4 busarchitesture feyriptegrated dageiandyidensmemeny isndisdoseda Arenory

Or b o oabipehd AR AR u bR gpupted 104 RSBty T msery
modul e 11 g Methd?y XBhioAGN!iA thin EGUILH 18 mbfiple PrBtelanaRd wilh a menory

nodul e for a video frane er operdting on _ ferent bus,
principal ly bimerdsendctingaetdromofd gritbssor) MiendriydgeduleaR the!fdres of low

menory are different fromthe control signals directed to the main nenory
modul e. The gp¥eéile singlepnddinermempryymaddes (SIAfM) dscatpstatingud ypuhnies syst ens

S that the nunber of signal,]l,ines t ccommpdat e the various types
of control 2GMYIOMYACHeSS FiEAY A A%‘&nﬂ%ﬁ?ﬁ?@*‘c&%é@oﬁ’é‘sISE#’QE,’?O"TWIQU ds

to the generagan (SRAIQQ;EE% gﬁ}iﬁll‘d l@mje L\Qﬁ{cﬁg’cﬁu@. tﬁlfs &Rdfol gi@galrsealnidaabddrieésy of :

the overal |l conputer
10 and data lines from the memory controller are shared by all memory modules

operating on the memory bus. Certain control signals invoke specific
operations on n’nemc')ry"mcia;i:ﬂe_s,_ depending on the type of memory module
receiving the control signal. Due to the high funlctior.'n.a.lit_v of the VRAM SIMM
memory modules, a plurality of check-bit-write bits provide: a combination of
15  write enable and access to 1/0 registers on the VRAM SIMM. A single busy line
can be asserted by any memory module requiring the SINMM controller to back

off and reaccess the memory module at a subsequent time.

The memory bus architecture is designed to match the ' memory bus band |
20 width to the bandwidth of the multiprocessor bus and the data rate of the

processors coupled therelo.

The memory modules incorporated into the integrated data and video
memory are constructed around a consistent protocol of control signals pin
25 oul. The VRAM SIMMs further incorporate video buffering and conversion
functions, thereby relieving the memory controller of service overhead

associated with these functions. The VRAM SIMM further incorporates a



o3k SUMMARY OF THE | NVENTI ON .,

A bus architecture for integrated data and video nenory is disclosed. A

hi gh speed dedi cated nmenory bus is coupled to a nenory controller. The 5
merory cont niddocoutpsit blockin rordenutsl didedtly drivelatvigee nunitoes 3Multiplssframe

i nterconnecting one Qr nore processors Menory podules, in the formof |ow
profile sind E&ma)'ihqéfmpgl teddey the 1(‘@81%&?‘1@@&4)?%?" 51120515 21U

random access nmenory (DRAM, video RAM (VRAM, and static non-volatile

RAM (SRAM are coupled to the menory bus. Bus control signals and address
16 and data "nﬁﬁe;fa@s talMer PRI Y &rABE mtb%rs,ﬁ@@ RAkRE \Wec%ler{myv

nodul es oper at n the nenory bus talfn control signals {nvoke
specific5s arcm&enam;@mnsmmpﬁﬁecy doneistens accksp 20 dhergorynmbtialesyaed of nenory
nodul e receiving the control signal. Due to the high functionality of
t he VRAM S| Mwrefore simaplifigd rmdemx% of aeppheral procesfesshonectéd tothei te bits
provi de: a conbi nati on of %I te Sriabl,e and accs‘ss to /O regl sters on
the VRAM SI FRIMPALE fi5He g STV modiieg ipcaporale s gy nHirbeRdeReithry modul e

requiring the. sl ﬁsequg’%ﬁ tlﬂn/k.q{xgln Qupa%ahty to b8 utlcoq‘Bgratgdaf?ﬁgqﬁe SReFETorY

modul e at a su
The SIMMs are organized to permit memory expansion in full data path-width

10 increments, and to accommodate higher capacity RAM chips when they

become available.



_ The.renory bus architecture is designed to match the menory bus band 20
wi dfh-to the bandwi dth of the nultiprocessor bus and the data rate of the

processors coupl ed thereto. The menory nodul es i ncor porat ed
into the integrated data and vi deo menory_ are constructed around a

. tonsi stent protocol of comibl L y[e L AWIENGSVRAM SI MVs furt her
i ncorporate video buffering and conversion functlons t her eby

relieving the rrermry controller of service overhead associated with

these functi ons. %/put §}1WM&MH mﬁge'mrglgrﬁggf?rfafgrﬂy from the etailed

4. vi deo ou In or rto ve a Vvi noni t or.

Mil tipl e f5 an@escriptibifgiednsbelby: 41l BeROIMBLGabRGaRYIng R aiviHge BT ahe gréfatrad and
vi deo nenory bus. Integrating all fornms of memory into a

singl e data aemdbodigeentrafnbeyingentiorcin madther e permits sinplified, consistent
access to nenory nodul es, and

Figure 1 is a block diagram of the integrated data and video memory bus.

10 Figure 2 is a block diagram of a memory controller for the integrated data

and video memory bus in Figure 1.

Figure 3 is a black ‘diagram of a video random access memory (VRAM)

single in-line memory module (SIMM) coupled to the memory bus.

Figure 4 is a block diagram of a dynamic RAM (DRAM) SIMM coupled to

the memory bus.

Figure 5 is a block diagram of a nonvolatile static RAM (SRAM) SIMM

20 coupled to the memory bus.

Figure 6 is a timing diagram illustrating a VRAM page mode read,

according to the protocol of the present invention.

25 Figure 7 is a timing diagram illustrating a VRAM page mode write,

according to the protocol of the present invention.
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. therefore sinplified updating of peripheral processes connected to the
eonputer system The SIMM nodul es incorporate a high nunber density
connector, permtting high functionality to be incorporated into the SIMvk.
The SIMvs are organi zed to permt nenory expansion in full data path-w dth
I0 increnents, Pigiré 8 iss tianinpdiigrain iostraiirghadAS/betdN RAGpEfredieclehey
beconme avai l abI e. BRI EF DESCRI PTI ON OF THE
DRAW NGS  according to 'thPéOiS’F@s%fn'chelmﬁéﬁN iipYenkiont be understood more fully

fromthe detailed 5 description given below and fromthe acconpanyi ng
drawi ngs of the preferred enbodi ment of the invention in which:

Figure 1 is a bl rgb@ﬁmxﬁé quitlﬁgif'rQiti lcﬂlﬂh& 8hsh ¥4 95 ﬁr\?gnry bus.

10 Fi gure Is a bloc gram o contro or the

i ntegratsd QRAM supposting wl@bﬁﬂ:rémarﬁr peallpsirite) dcc@ding lo the protocol of the Fi QUF e
3 is a block diagramof a video random access nenory (VRAM
present invention.

Figure 10a is a timing diagram illustrating a difect address mode read
cvcle for a half word, according to the protocol of the present invenlion.
10
Figure 10b is a timing diagram illustrating a direct address mode read

cvcle for a half word, according to the protocol of the present invention.

Figure 11a is a timing diagram illustrating an indirect address mode read

15  cvcle for one or more words, according to the protocol of the present invention.

Figure 11b is a timing diagram illustrating an indirect address mode
write cvcle for one or more words, according to the protocol of the present

invenlion.

Figure 12 is a timing diagram illustrating a write cvcle to 1/0 space for

special 1/0 operations, according to the protocol of the present invention.

Figure 13 is a timing diagram illustrating an assertion of an internal
25  control signal within a video buffer to block RAS issued by the memory
controller when VRAM is being refreshed /reloaded, according to the protocol

of the present invention.



. single in-line nenmory nodule (SIMW) coupled to the menory bus. 15
Figure 4 i's a bl ock diagram of a dynam ¢ RAM (DRAM SI MM coupled to

t he nenory bus. Figure 5 is a block diagramof a nonvolatile
static RAM (SRAM SI MM 20 coupled to the nmenory bus. Figure 6
rs a timng diagramillustrating a VRAM page node read, according to

t he protocol of I fysl L : : QLT | I m ng
di agramil | ust ra?@dgaﬁéﬁﬁl\ﬁ%g&?%g@n#ﬁxﬁ?tmg an asg{ﬂé%ﬁd:f? naé i%-@er? ﬁie
protocol of chbhroPsigAsIMNvithity &l ¥i@Bo buffer to terminate a memory access by the

6. Figure 8 is atimng diagramillustrating a CAS
before RAS neimehcantedlier when VRAM requests service, according to the protocol of

5 the present invention.

Figure 15 is a timing diagram illustrating an assertion of internal control
signals within the video buffer to terminate an 1/O access by the memory
controller when VRAM requests service, but where the memory controller is

10 permit to complete its access.

Figure 16 is a timing diag'ram illustrating an assertion of a data block
control signal within the video buffer to block generation of internal control

signals.

[ )
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Figure 17 is a timing diagram illustrating buffering by the video buffer of

CAS, RAS, and check-bit-write bits (CBW's) issued by the memory controller.

Figure 18 is a timing diagram illustrating the function of the video buffer

20 during VRAM, refresh, according to the protocol of the present invention.

Figure 19 is a timing diagram illustrating the function of the video buffer

during VRAM reload, according to the protocol of the present invention.

25 Figure 20a and 20b are exemplary timing diagrams illustrating
respeclively read and wrile accesses to-an SRAM SIMM, according, to the

protocol of the integrated dala and memory bus.



uaccomdlng to the protocol of the present invention. - . Figure 9
is a.timng di agram il | ustrating | oading of an address into 5 VRAM
supporting autoincrenment read/wite, according to the protocol of the

- present invention. Figure 10a is a timng diagram
illustrating a direct address node read cycle for a half word,
according to the protocol of the present invention. 10 Fi gure
10b is a timng diPkiguen?i illusstateatthadiaribuiat bl Qnes A cdeseSticd@ACAS) angYC! €
for a half word, according to the protocol of the present invention.

Figure 1la i sRawtAngessStipbe fRAS) eantenl signalsgozall SMMrdets. addr ess node r ead
15 cycle for one or nore words, according to the protocol of the present

i nventi on. Fi gure 11bis a timng diagramillustrating an
indirect agldress nmdgres 22a ald 1256 ﬂiﬁét‘i‘af:é)rthé’ Rl dRhdSoraccording to
t he protocol of the present I nventi on.

Figure 23 is a table of the control signals used to implement the protocol
for the integrated data and video memory bus.
10
Flgure 29 ﬂlustrales the pin numbermg used in the hlgh density

SIMM connector



~Figuce 12 is a timng diagramil | ustrati ng a wite cycle to 1/0 space for
special 1/0 operations, according to the protocol of the present invention.

Figure 13 is a timng diagramillustrating an assertion of an internal 25
control signal within a vi deo buffer to bI ock RAS |ssued by the nmenory
control | er when VRAM i 2i5kAl izl : JEAHIE IN, HAON, to the pr ot ocol
of. the present invention. 7

Figure 14 is a tim'ng diagramillustrating an assertion of an internal

Comors contral | oA BhS a OB E Solitldekhuchitui ELRU A, MdROFYE dREARE. My 1 N

menory controll er service, accord
- S-the pr eseQhe‘f@ﬁ@mﬂ%)aesmghon, for purposés &Ué)&)lﬁnrhtio‘h 3pbdifit 'iﬂm%égrﬁ’tﬁbs,

illustrating an assertion I nternal control
5 signals etc., are set forth in order to provide a thorough understanding of the
present invention. However, it will be apparent to one skilled in the art that
the present invention may be practiced without these specific details. In other

instances, well known circuits and devices are shown in block diagram form in

order not to obscure the present invention unnecessarily.

10
The preferred embodiment of the integrated data and video memory bus
is designéd- to be used with complimentary metal-oxide-semiconductor (CMOS)
technology. As such, certain power specifications and timing protocols are
optinmiéed to reduce power consumption and to provide sufficient stabilization
15 time of control signals drive by the CMOS devices and to provide sufficient

stabilization time of control signals driven by the CMOS devices. It will be
apparent, however, to those skilled in the art that the specifications can or may
be changed \\nhout deparung from the scope of the present invention.
Furlher throughout the foilowmm detailed description, certain bus lines will be
20  described as being “active high” or "active low". This terminology will be used
to indicate whether a particular bus control or data or address line in question
is asserted or nol, and therefore relevant or not to the bus operation. It will be
apparent however, thal the assertion of an active high or active low control
signal is a matter of design choice. Although the preferred embodiment has
25 been designed lo maximize data transfer rate and accuracy of stability of control

signals, it will be appreciated that changing the design of the bus to

HY



signals wthin the video buffer to termnate an |1/ O access by the nenory
controll er when VRAM requests service, but where the nenory contreller is
10 permt to conplete its access. ' Figure 16 is a timng
diragramillustrating an assertion of a data bl ock control signal

wi thin the vigesmhiiddaer other hltematiyes 6 attiwnhigh and activd losw iy within the
signals. 15 Figure 17 is a timng diagramillustrating

buf f eri ng by scope of theoptasenieinvention. CAS, RAS, and check-bit-wite bits
(CBW) issued by the nmenory controller. Figure 18 is a timng
diagramillustrating the function of the video buffer 20 during VRAM
refresh, according, r | tol .
Figure 19 is a tl%r}‘nga%?:%?ﬁgg? gsﬁ%éﬁnﬁbe% ﬁﬁ‘%ﬁ{c‘{‘]’?{‘g& ﬂ(’)‘§)§1‘?$|eera‘Q/elsdre‘oa buf f er
during VRAM rhfnstel2oarthebriishst fshibR, whetede all Kils diRalpcRAREY oh QH@P&!:%P;

25 Figure 20a and 20b are exenplary timng diagrans illustrating
respectivel y edgadf alodk\puldes. dbeaysdwohousidesigii\is Gédiddbleatcachievechighalatdie
protocol of the integrated data and nenor

us.
transfer rates, and synchronous bus desxygns enable simplified clock pulse edge
detection. However, it will be appreciated that the use of the rising edge of the
clock pulses is a matter of design choice, and that the present invention can be

10 made synchronous upon the falling edge of clock pulses.

A. MEMORY SYSTEM - Memory Bus

-t
(¥ 1]

Reference is now made to Figure 1, wherein a block diagram overview of
a multiple bus architecture in a multiple processor high performance computer
system incorporating the integrated memory bus of the present invention are
shown. The presently preferred embodiment may be found in certain of the
computer systems manufactured by Sun Microsystems, Mountain View,

20 California.

In Figure 1, a multiplicity of timé-multiplexed bus signal lines 10 form
the memory bus. Signal lines 10 are routed from a memory controller 20 and
~ coupled to a multiplicity of single in-line memory modules (SIMMs) 30. Signal
25  lines 10 consist of address lines ADDR[11:0], data lines DATA[127:0], and a
numerosity of control lines 15 which together permit memory controller to

access SIMMs 30 operaling on the bus according to the integrated memory

11
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‘-Figure 21 illustrates the-distribution of Colum AcGess Strobe (CAS) and
Row Access Strobe (RAS) control signals to all SIMMslots. 5
Figures 22a and 22b illustrate the high density connector.
Figure 23 is a table of the control signals used to inplenent the protocol
for the integpretosel descrbedhbexsinie dhadwpstionangd effeqh of each of control signaly 85 24

1] ustrates the oi p aupber! ag 43t "1l B%er 1 Redfl hidbmmodate Aifent

connect or.
needs of different users in configuring computer systems, SIMMs 30 may

consist of any of a variety of memory forms, including dynamic random access

5 rhemory (DRAM), video RAM (VRAM), and nonvolatile static RAM (SRAM).

Throughout the following discussion, it is contemplated that any
combination of the above types of memory will be coupled to the integrated
memory bus. As will be described and demonstrated in terms of specific

10 examples, the memory bus of the present invention incorporates uniform
control signals and signal pin outs so that, with certain exceptions, SIMMs 30

may be arbitrarily placed in the SIMAM slots.

Memory controller 20 is coupled to one or more processors 42 via a

15 multiple processor bus 40. In the pfesent]y preferred embodiment, multiple
processor bus 40 is an Mbus, as may be found in computer systems
manufactured by Sun Microsystems, Mountain View, California, and as
described in the Mbus Specification, Revision 1.1. A bus interface 45 couples
bus 40 to a second, general purpose bus 50. In the presently preferred

20 embodiment, general purpose. bus 50 is an Sbus, as also may be found in
computer syslems manufactured by Sun Microsystems and as described in the
Sbus Specification, Revision 1.1. However, other processor as well as general
purpose buses are available, and are within the scope of the present invention.
A system clock 47 distributes clock signals to all devices coupled to the mémox_'y

25 Dbus, as well as the other buses 40 and 50. A variety of 1/0 and peripheral
devices 52 may be intercoupled to bus 50, thus forming a complete computer

svstem.



10

B. MEMORY SYSTEM - Memory Components

Reference is now made to Figure 2, which illustrates a block
diagram of the memory controller 20 used to control access to memory devices
operating on the integrated data and video memory bus shown in Figure 1. In
Figure 2, memory controller 20 receives address and data signals transmitted
over multiple processor bus 40 through an MBus slave interface 20a. MBus
slave interface 20a incorporates facilities to operate as an MBus slave only, and

implements the full Level 2 MBus protocol. After being received by MBus

- slave interface 20a, data and address signals are §1’ibsequently transmitted to

several internal logic blocks, and subsequently retransmitted to signal lines 10.
It is further intended that memory controller 20 should include sufficient
functionality to permit the memory bus to operate according the protocol
described herein. The memory controller 20 of the presently preferred

embodiment includes check-bit generation and error detection block 20b, data

bus, check bits, and address block 20¢, bus arbiter and write buffer 20c,

generation of control signals and refresh block 20e, status and control registers

20f, and video 1/0 access block 20g.

Referring now to Figure 3, a block diagram of a video random access
memory (VRAM) SIMM (VSIMM) 32 coupled to the memory bus signal lines
10 is illustrated. In Figure 3, \'SIMM 32 receives address signals (ADDR[11:0]),
dala signals (DATA[127:0]), together with other shared control signals - issued
by memory controller 20, through an on-board video buffer 35. Video buffer 35

is in turn coupled to a multiplicity of VRAM chips 34, and to a display interface

13



Z DETAI LED DESCRI PTI ON OF THE | NVENTI ON A bus architecture for
integrated data and video nenory is disclosed. In the foll ow ng
description, for purposes of explanation, specific nunberS, tines, 5
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Il Avention unnecessarily. 10 The preferred enbodi rent of the
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conpl i mentary, net al - oxi de-sem co%guct or chnol o As such,
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be apparent, however, to those skilled in the art that the
speci fi cat i orgdesss into aragutoincrembrt wgisteresf aWRAM B4d&sardf IGBWIZ@mnaridhe scope
of the present invention. Further, throughout the follow ng detailed

descri ption, GBNEFE] willkbe flveyaiad in mere deail incarnachien vaith Biswes ActlPve
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U VRAM into an RGB compatible form. - Video buffer 35 can issue a VBSY-~~
signal to command memory controller 20 lo release control of the VSIMM 32
whenever VRAMs 34 require réfresh or reload cycles. The display interface 36

15 s contemplated to include a digita]-.analog-converter on the. VSIMM 32, as well

as pixel clock generation circuitry.

Similarly, and with reference to Figure 4, a block diagram of a dynamic
random access memory (DRAM) SIMM (DSIMM) 72 coupled to the memory
20 bus signal lines 10 is illustrated. In Figure 4, DSIMM 72 also receives address
signals (ADDR]11:0]), data signals (DATA[127:0]), together with other shared
contro} signals  issued by memory controller 20, through an on-board buffer
75. Buffer 75 is in turn coupled to a multiplicity of DRAM chips 74. As in the
case of VSIMMs 32 above, multiple DSIMMs 72 may be coupled to memorsr bus
25 10, subject to address space constraints discussed in more detail below. In
Figure 3, the check-bit-write signal lines CBW|[7:0] and CBW/[15:8], which are

commonly distributed across memory bus 10 are used as error correction code
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sapparent however, that the assertion of an active high or active | ow
contr ol ' signal is a matter of design choice. Al though the preferred
enbodi ment has 25 been designed to naxim ze data transfer rate and
accuracy of stability of control signals, it will be appreciated that
changi ng the design of the bus to acconmodat e ot her
alternatives to active high and active lowis within the scope of the
present invention. Simlarly, the preferred enbodi nent of the

b L D .. l.at h f.ashi |1
bus. éiygnﬁfsgﬁﬁéﬁéf ohhahplepuiorh fF BERRS AR RRReE wifCerePantkagon: onous

Synchr onouss BEagedot BOEETYBSE- Sl AbEused by DRONL 20, 458 #ot B by o,
However, ittgmmﬁugmlappreC|ated that the use of the rising edge of the
clock pulses is a matter of design choice, and that the present invention
can be 10 nmade synchronous upon the falling edge of clock pul ses.
A NEM:RSY SYSTEMRéfexl'\{'?rrlré) ngBt%SFigure 5, a block diagram of a nonvolatile static RAM
(SRAM) SIMM (NVSIMM) 82 consistent with the protocol of the present
invention is coupled to the memory bus signal lines 10. In Figure 5, NVSIMM
82 receives address signals (ADDR[11:0)), data signals (DATA[127:0]), together
with other shared control 51gnals 15 issued by memory controller 20, through
10 an on-board buffer/ latch 86. Buffer/latch 86 is in turn coupled toa multxphcnty A
of SRAM chips 84. As in the case of VSIMMs 32 and DSIMMs 72 above,
multiple NVSIMMs 82 may be coupled to memory bus 10, subject to address
space constraints discussed in more detail below. In the presently preferred
embodiment shown in Figure 5, nonvolatile NVSIMMs 82, are capable of
15 emulating DRAM SIMM operation on the integrated memory bus 10.
Therefore, the memory controller 20 communicates with NVSIMM 82 just like
another DRAM SIMM 72 installed in as SIMM 30 in Figure 1. To achieve this
result, SRAMs 84 have been installed in place of DRAMs 74 and control signal
logic 87 is provided to adjust the timing between NVSIMM 82 to the memory
20 controller 20. Further, a separate address decoder 83'may be necessary to
provide proper addressing to SRAMs 84 using the shared multiplexed address
lines ADDR[11:0]. Also, the NVSIMM 82 may be supplied with a battery and
backup circuit 88 to protect the data stored in NVSIMM 82, in Ease of power

loss.

Referring briefly to Figures 21-24, all address, data, and control signals

used to implement the memory bus protocol are illustrated. In Figure 21,

15



15 . Ref erence is now made to Figure 1, wherein a block diagram
overview of a nultiple bus architecture in a nultiple processor high

per f or mance conputer system i ncorporat| ng the integrated nenory bus of <
t he presentpartielar SlMMar3§ are SeledstﬂlGM emw'r@@e@@lhylrp&eks&?ﬂ@eenbodl ment

may be fou certai ut ste act d by Sun
McrosysteE@A% E;f U\;HEUAffﬁfﬁﬁﬁ%?(g‘Asﬂ “g{%’g“ai}’mﬂﬁéf‘ﬁﬂre 1, a
mul tipli ci tyfoQf mmmdmeh%\ce:dmy eSbriltls b éHIRSIIO cdrPh menory .
bus. Signal ?[I r?gs 10 aare rout ed ér:a rremgray conttu?.%c ® J%’(S\mOdétetns

coupl ed to to eighttCAb sighals ¢6 psongbeddmdnah&lmnnyy)f maimdrgsco(xﬁowhﬁ& 30.
Signal 25 lines 10 consist_of address |ines ADDR 11:0], data lines

DATA[ 127 0] usegriyithin SlMMﬁaPre}'bsﬁ'lggreefzzeomdr 2b,| theel&ghﬁenétitthdmg:ﬂioharsed

permt menmory Leq acc rat B}
accor di ng Y farfg'rglt‘ﬁég? uég'at In con?ra?t to pnor art %P@f 68%4 g ég%r}qc éd her ein.
ine TUNCtl Oeshiid, (helcBhhectr &@cafb\o;n STNIE 3D eflbsiitas & dbable readdiy desi
described in detail below In order to flexibly accommodate ? rent
needs of di#whertnsignaease mdepemderglyrnougedcmmrhesﬁdesqfsthe|$tMMSbe. 3A may
Figure 23, a table of the control signals used to implement the protocol for the
10 integrated data and video memory bus. Although all control signals are routed
to all SIMM slots location, the video control signals pertain only to VSIMMs 32
and are routed only between video buffer 35 and display interface 36. Finally,
Figure 24 illustrates the pin numbering used in the high density SIMM connector

illustrated in Figures 22a and 22b, and which is shared by all SIMMs 30

15 operating on the memory bus 10.

Thus, as presently preferred, and as illustrated in Figures 1-5, the
memory bus is 128 bits wide for data, and further has 16 error correcting code
(ECC) checkbits, vielding a total bus datapath width of 144 bits. In particular, the

20  present embodiment of the membry system usés 80 nanosecond DRAMs 74
and VRAMs 34, thereby providing approximately a 20 MHz data rate for the
memory bus. Memory controller 20 is an application specific integrated circuit
(ASIC) that in the preferred embodiment interfaces between the 144 bit
datapath memory bus (10) and the 64 bit MBus (40). Menﬂory controller 20

25 services data requests transmitted over bus 40 (MBus) by MBus masters (4.2)
from main memory consisting of one or more DSIMMs 72 (Figure 4). As

presently preferred, memory controller 20 operates at the 40 MHz MBus data

16



. consjst of any of a variety of menory forms, including dynam c random
access 5 ' nenory (DRAM, video RAM (VRAM, and nonvol atil e stati'c RAM
( SRAM . Thr oughout the foll ow ng di scussion,

* cont enpl at ed_t hat ination v, e of rrermry Wil
be coupl ed tf)att? %é‘da%%“e %tvgéﬁ? %P&%@W%‘?’r% %‘FF‘B@H and "

demonstr at ed.#s'ibxﬂ RFEP RAS- TRAE abdeSs sttdbe) %és%?%ﬁmﬂlﬁ Rl the

present inverttion | ncorporates uniform control signa s an Sl gnal pi n

outs so t hat nangsedoradst tAdtnaleread pictess timesldvd/F cbétks, and Hny réwl ﬁ:lhbhé Elehdty

pl aced in the SIMM sl ots. Menory controller 20 is coupled to

one or nore M deessdryclating is a4 leasbll clacks: iMemopy cortrelier 2can/genetate t he
presently, pr§¥ erred enbodi sor bus 40 is an Mous,

es
Py, b5 olAEPYIR DebthHAnSIers yitimstaihed 32 Rute Partars saaspioat A7 megaBipst ors,
Mountain Vie or. , h

Speci ficati oﬁl %\%é (312{ eimf%i) gcérsmfﬂr% retroggl?éslgggéétgpé)s?IOMPRE‘%%IS(N%“S[ 0 a
second, genepddreRd/sPOSE 18Yitsodata lif17 M@umsa&ntxk%aw&%?w i ComBifangh ment ,
general pur pose bus 50 is an Sbus, as also may be found in conput er
syst ens manufwi otherl coytr&usighihls to §gnsm ehe opadtiaaalipatocdled the présent Sbus

Specification, Revision 1.1. However, other processor as well as general
pur pose buseinventionyadesgsibed ianmore detail thglaw imeoBuegtonowithfigpree fent

i nventi on ﬁﬁﬁ stemclock 47 distributes clock signals to all devices
coupl ed EQ) t HYoHg § bus, as well as the other buses 40 and 50. A
variety of I/0O and peri pheral

The n.maximum amount of main memory is 512 MB, and is determined
by there being t\;'ent)'-nine address bits available in the present
implementation of memory controller 20 for addressing memory in a
15 multiplexed column/row manner. The other three bits are used to
differentiate 1/0O spaces in memory space, e.g., between VRAM and DRAM
address spaces. Each SIMM 30, and accordingly each SIMM position, has 64 MB
of address space allocated to it, i.e., position 0 starts at address 0, position 1 starts
at addre;s.s 0x4000000, and position 2 starts at address 0x8000000. Thus, regardless
20  whether there is a 16 MB or a 64 MB SIMM 30 in position 0, the SIMM 30 in
position 1 responds to addresses starting at 64 MBytes from 0 or 0x4000000. A
bool. programmable read-only-memory (PROM) (not shown) determines which
SIMM 30 is installed in which position by observing the response from each
position while writing and then subséquently reading from appropriate

25 addresses for VSIMMs and DSIMMs.



,devices 52 may be intercoupled to bus 50, -thus form ng a conplete conputer

system e 12

B. MEMORY SYSTEM - Menory Conponents 5 _ Ref erence i s now
made to Figure 2, whichillustrates a bl ock di agram of the nenory
control ler 20 used to control access to nenory devices operatlng on
the int egrat ed data and video menory bus shown in Figure 1. Fi gure

2, memory contropl e, 20, Fffdﬁ&%gﬁ%ﬁ%%ﬁﬁ,ge%iﬁéﬁgn@rgbpganamtted

over multiple pr Y% rou us slave 1nt ace 20a. MBus
10 slave 'Qés%rcia?&fm%%rgr&sﬁfreﬂéﬁs%riﬁﬁgé it DasBY, R IO PBESTBIE t8hate tVBUS S| ave

only, and enents the full 2 MBus protocol. After being
received bynﬁ@ﬂ&r controlRtfitethenpresémce ciitectutat s pretentllyl configirednties are

subsequent |y transm tted to
first memory controller 20 responds to addresses 0x00000000 to 0x0F000000,

5 whereas the second would respond to addresses 0x10000000 to 0x1F000000. Two
memory controllers would allow for two banks of SIMM sockets, therefore
increasing a system's memory capacity from eight SIMMs 30 to sixteen.
However, in the present implementation of the memory bus architecture,
there is only one memory controller 20 on the motherboard, because there

10  physically is only one bundled datapath, namely signal lines 10, from the
memory bus 10 to the connector for memory controller 20. 1t is possible to
have another memory controller coupled on the MBus (40), but in that case

the second memorv controller would have to have its own local memory on its

MBus card.

As presently preferred, memory system has eight positions to receive up
to eight Sl.\-i.\-b 30, as shown in Figure 1. SIMM positions 0,2,4, and 6 cah
contain only DSIMMs 72. The DSIMMs 72 are double sided and may. contain 16
megabytes (MB) of DRAM memory using thirty-six Imegabit-by-4 (1IMbx4)

20 TSOP DRAMs 74. Alternatively, DSIMMs 72 may comprise .64 MB when using
thirty-six 4Mbx4 TSOP DRAMS 74. SIMM positions 1 ,3,5,7 can contain either
VSIMMs 32 or DSIMMs 72. The VSIMMs 32 currently are available in two
sizes, 4 MB consisting of thirty-two 256Kx4 VRAM:s 34, and 8 MB consisting of
thirty-two 256Ka8 VRAMs 34. VSIMMs 32 can also be built with thirty-two

25  128Kx8 VRAMs, thirly-two 256Kx8 VRAMs, thirty-two 256Kx16 VRAMs, and
thirty-two 512Kx8 VRAMs. |

13



~several internal |ogic blocks, and subsequently retransmtted to signal

I'i nes '10. It is further intended that nenory controller 20 should
include sufficient 15 functionality to permt the nenory bus to operate
accordi ng the protocol descri bed herein. The nmenory controller 20 of

the presently preferred enbogdi ment i ncl udes check-hbit generation and
error detection HIhGJRessly ?P&‘L“&urefbgﬁﬁb@ﬁ 3% rravirean extended lengtlevidegl ock

20c, bus arhiter, .an g f generation_ of. .control signals
2nd ref reah sprEGRRRY o BHE Adtind Siveng sopiey P e 4P gyt video |/0
access bl oc it ; " il ?]\‘“!ht 0 , 1o A I agram
of a video Ir?gﬁgtgon?aég%ggssoaated w&@ﬁ%ﬁ/&:kﬂ% Mﬁf%%\‘i e@@éﬁ%ﬁ%d to the
menory bus shgiadtly hasenly two sull ekenibdl Widéorécitets! in SINIM PositioNsh 32
recei ves address signals (ADDR 11:0]), 25 data signal s (DATA[ 127:0]),
t oget her 5Swi th Thhsraldiomgbdhe enemaoly bugachitectuss sepports multiplerfeame y
controller 20, through an on-hoard video buffer 35 Video buffer 35
is in turn codfpredVeEMMsAR) residing; qny thermemeny bysprhysical spacetlimifationspl ay
Interface within the present implementation limits the number of VSIMMs 32 as frame
buffers to only two, in the absence of extra flex-cabling to route the video
signals to the back panel, from positions 5 and 7. However, it is possible to
10 have more than two frame buffers in the present implementation, where the
additional V'SIMMs 32 reside on the MBus 40,-6:1"on the SBus 50. Thus, the
| memory bus architecture can presently éupport a maximum of 512 MB of
DRAM when using 64 MB DSIMMs 72. Specific DSIMMs 72 supported by the
memory controller 20 are enumerated below. Similarly, specific VSIMMs 32

15 supported by the memory controller 20 are also enumerated below.

Because the memory controller 20 in the preferred embodiment of the

present invention incorporates non-continuous memory addressing, software

20  can use a mirroring scheme to .identify the memory configuration at boot time.
Unidentified address space accesses will cause an MBus time-out in accordance
with the MBus protocol. As stated above, the memory controller 20 supporis a
variety of SIMMs 30, including DRAM, VRAM, and SRAM modules, and
memory controller 20 can directly support up to four VSIMMs 32 in four slo{s.

25  Given the many SIMM slot/board combinations (forty-eight in the presently
preferred embodiment), identification of any SIMM 30 installed in any position

is accomplished through software. Configurations for slot-specific SIMMs 30,
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.36 having an output coupled to a display device (not shown). Miltiple
VSI MV 32 may be coupled to nenory bus 10, subject to address space
constraints discussed in nore detail below. O particular interest in

Figure 3 are the check-bit-wite signal lines CBW7:0] and CBW 15: 8],
whi ch are coomonly 5 distributed across nenory bus 10, but which have
particular application to VSIMMW 32. In particular, CBW8] used as an

active | ow foyexample ¥SIMM3% cpp be set prigpianstarglardiSIMM, aceessast 35~ wher eas
CBW 7:0] permt Joading of.a ... address int.o an autoi ncrenment

Cogt ster orPEeRdiPiiEed B otRf posisonciyiphe dersriyifed RaRi Safions gan

I 11 ustrated,] f el | wth Figures 9 - 12. 10 As shown
in Figure %léé‘h@ﬂ%@ ﬁ?ﬁn%ﬁle&mégﬁ%@%ﬁ@% buffer 35 that handl es

video refresh, and a nenory display interface 36 that nuxes data fromthe

VRAM i nto an RGB conpatible form Video buffer 35 can issue a VBSY-

si gnal o conmarfherdBas slaverinterfdcer203Ghban igl Kigafe 2avhichlinplerhbgts (ke MM 32
whenever VRAMs 34 require refresh or reload cycles. The display interface
36 15 is fulldeeel? Mbws dave prdtocd ag desgibieal inatihel SLARC MBus bitedace he. VS| MM
32, as well ... as pixel claqock generation circuitry, . .

Sinmilarly, SRedififrtion repisiondd. isos‘-ﬁil‘ff&t“é the folloyyipgclayifications-oAlkeighhani ¢

l.ed he. b
Cranal | nonyg rRYedn {0y 2k WpbBHRY i SRR antsdi P BRI s G e
signal s ( AQRRbbiel] JTheBRs ARG fodgb¥ishdd By FhémohP BsithAifer Woldie O her

shared
10  presently limited to those without MRTY- (MBus retry), because retries are not

generated or serviced by the memory controller 20. However, other
implementations of memory controllers may include MRTY-. During
coherent transfers, reflective updates are not supported. CI operations can be
disabled to allow other devices to own the MBus CI acknowledge. An asserted
15 MIH, in the MIHDEL window, aborts the coherent MBus transfer acknowledge

and relinquishes bus ownership.

C. MEMORY SYSTEM - Memory Controller Transaction Semantics

1. DRAM Control

The operations cycle timing relationships are shown in the timing
diagrams illustrated in Figures 6-20. CAS- is used to select a double word.from
25  the quad word data bus. Each SIMM 30 is selected by one of eight RAS- signals
(one RAS- per 128 bits). The twelve- bit address can support up to 16 Mb

asymmelric DRAM components in column/row address form. Partial double

20



~control signals issued by nenory controller 20, through an on-board buffer
?5. Buffer 75 is in turn coupled to a multiplicity of DRAM chips 74. As in
t he case of VSIMvs 32 above, nultiple DSIMV 72 may be coupled to
menory bus 25 10, subject to address space constraints discussed in riore
detail below. In Figure 3, the check-bit-wite signal |lines CBW7:0]

and CBW 15: 8], which are commonly distributed across rrem)ry ‘bus 10
are used as error correction code

14 bits (ECC) with application to DSIMV 72 in accordance
wi.th generally knovvn standards for ECC. VBSY- signal is not used by

DRAMs 74, and not issued b . : : rring now t

Fi gure 5, eﬁe%l@‘?eaﬁﬁc%q‘pﬁs}?fgn\%ﬁgth :YP{F %‘ ’te?‘éwy write BAET 11 19 now Lo
Coherent transfers extend their response window by the programmed MIHDEL.
Wrapped read burst transfers supply the first double word on the transfer's

eight byte aligned address. Stores use the DRAM early write cycle transfer.

2. VRAM Control

No error correction code (ECC) check bits or parity are used for VRAM

10 transfers. Therefore the byte write enables (WE-) are multiplexed on the

check-bit write (CBW) signal lines to save pins. The parallel port of

each VRAM 34 is accessed with the same timing constraints as DRAMs 74.

As shown in Figure 8, the CBWs [15:0] are deasserted during refresh cycles.
Each VRAM 34 may be accessed via a serial port over a 128 bit data path

for both two and four MB frame buffers by asserting an SIRQ- signal,. or: over
a 256 bit data path for the eight and sixteen MB frame buffers. The

135
256 bit data path width would be used to support double buffered true
color for high resolution monitors. The current implementation requires
a 619 ohm pull-up on MRDY- for VRAM read operations.

20

3. VSIMM Preemptive Protocol - Overview

As previously shown in Figure 3, VRAM 34 is located on a V5IMM 32,
and is serviced by the video buffer 35 on VSIMM 32. In efficient modular
25 fashion, the video buffer 35 is responsible for performing VRAM refresh and
reload cycles. Memory controller 20 VSIMM requests are arbitrated with the

video buffer 35 using the preemplive protocol consistent among all SIMMs 30.

21



(SRAN) SI MM (NVSIMV) 82 consistent with the protocol of the present

I Avention i's coupled to the nenory bus signal lines 10. In Figure 5 NVSIW
82 receives address signals. (ADDR[-11:0]), data signals (DATA[127:0]),

.t oget her wi th other shared control signals 15 issued by nenory
controller 20, through 10 an on-board buffer/latch 86. Buffer/latch 86 is
in turn coupled to a nultiplicity of SRAM chips 84. As in the case of
VS M6 32 and DSI Mvs 72 above, mul tiple NVSI MV 82 nay be coupled to

menory bus 10, subject to address ..Space constraints, discussed in nore
detaii bel ow. Thg reguestingswifes 9u§%§% il $ynchronowsiiGpers ESYh SRnsqogerthasy e

5, latil e NVSI . 82 bl f 13 LAt I
pt” Theseist i sEREAGR A ferbpry fonuSIBATRRS, B T |

¢ 20 o ; : L
(7:(2)ni :lgt aIeIr ed in‘rf'] as S?&Ivil\%/fd;%r\iygt EI\ gulr%é 1. ﬁ'%%&tg%hi, E\}/e t%tissanyqﬂcﬁrﬁgiéegul t!VI g:?m

‘84 have been imahéty &ﬁhti‘dlleplza(lﬂrﬁferlbgﬂb’ﬁslﬂe&i‘ntbd:lmrf’f&frCBS tsargsitddns out of itsogi C
87 is provided to adjust_the tinm ng between NVSIMM 82 to the nmenory 20
control |l er 520.1d1|eum4@~;- ahe apanenyecandtilles 20aelingeishes VEIMM ewnesghipdoy t o

Pl s CADDRL 11ty Videpduiter b Buvasa R 6 RAS L Bip SPEGo U S HosPhPres freand
backup i r cui ;88 b QY 5 Sffuireb VsTRiT ot SMp! It DRNAIMY SRalineohtress Of pover

l oss. 25
shared with memory controller 20 and logically overdrives them (adhering to

the VRAM access protocol). The video buffer 35 also then deasserts the tri-state

10 enable for the separate memory controller 20 CBW buffer.

The maximum period from the end of the idle window to a completed
service is called the ACTIVE window. The V'SIMM 32 synchronously responds
with VBSY- to an initial memory controller 20 RAS-slot request while the

15  video buffer 35 is activelv servicing. VBSY- remains asserted (active low) until
the VSIMM servicing is completed and the video buffer 35 is no longer in an
ACTIVE window or Blocking shared signals, thus ensuring a memory
controller 20 transfer does not get unknowingly blocked. After retaining
VSIMM ownership, the.memory controller 20 restarts the interrupted transfer.

20 The present protocol permits memory controller 20 to monitor VBSY- as it
transitions out of its interrupted transfer state and reasserts RAS- to determine
whether, during a memory controller 20 refresh to a different SIMM position,.
the video buffer 35 assumed VSIMM ownership. Periodic VSIMM refresh and
shift reload service, by the video buffer 35, is scheduled to ocfur after the

25 minimum programmable delay of twelve pending cycles. The active window
for video buffer 35 can be extended from a minimum of twelve clocks to

accommodate the system configuration (e.g. the active window size should be

9
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. Referring briefly to Figures 21-24, all address, data, and control signals

used to inplenent the nmenory bus protocol are illustrated. In Figure 21,
15 particular SIMws 30 are selected on the basis of two Colum
Access Strobe (CAS) signals and eight Row Access Strobe (RAS) control
Signals to all SI MV slots as illustrated. However, the present bus

“architecture gqagraﬂ%e 8t thdtPthe minimfuth bRtYent-Aelayd! @ﬁ'ﬂ'h%r HQ}\a/IE\l/E %ghrﬁ?l .

addi ti onal tivity of nenory conponents 5 used with

Fi gures 22a gindtoeadbshduld bairglereteediftom ahe MSEMM protdol Spec. on each SIMMis
illustrated. In contrast to prior art single readout connector

desi gns, the connector used by all SIMws 30 enbraces a doubl e readout
desi gn wherein signals are independently routed on each side of the
SI MM board. In Figure 23, a table of the control signals used to

i pl ement gt he proyocol pf erfhcel ated data and video nenory bus.
Al t hough gl | control sll)é)(r?lczsiﬁ shglge rcgjfgerﬁ%r to all SIMMslots 1ocation,

the video control signals pertain only to VSI M 32 and are routed

only between video buffer 35 and display interface 36. Finally,
The control signals used by the ECC memory controller 20 and all

SIMMs 30 to implement the memory bus protocol are:
DI[127:0) Bi-directional multiplexed data bus signal lines.
10 CBWI[15:0] Byte write enables. During write accesses to VRAMs 34
these line§ specify the bytes to be written and are driven high for
VRAM reads. For register I/O accesses CBW/[7:0] are used as a bi-
directional data bus and CBW(8] is used as the read/write- signal. All
register cycles are byte transfers. |
15 JOSEL- VRAM 34 or register access select. When asserted this
signal selects the register 1/0 space. Otherwise thé access is to VRAM
34. This signal is used to qualify RAS- (see Figures 9-16).
\VBSY- Video busy used to implement the preemptive protocol.
When asserted in response to a RAS-, the video buffer 35 is either
20 busy with a reload or refresh cycle, or seeks to perform such a cycle.
(see Figures 13-20b). '
RAS- Row address strobe for accesses to VRAMs 34, when JIOSEL-
is negated (high). With JOSEL- asserted low, RAS- is used as a chip

select for register 1/0 transfers (see Figures 13-20b).

25 I0SEL- RAS- Function
0 0 Register I/O chip-select
1 0 - VRAM access, RAS- asserted
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Figute 24 illustrates the pin nunbering used in the high density SI W

connector illustrated in Figures 22a and 22b, and which is shared by
all SIMW 30 15 operatifig on the nenory bus 10. Thus, as
“presently preferred, and as illustrated in Figures 1-5, the menory

bus is 128 bits wide for data, and further has 16 error correcting code
(ECC) checkbits, yielding a total bus datapath width of 144 bits. In

particul ar, the 20 pilesent enbbdi ment oWVSIMa1 besyryo BASE ofchijesel &4,
nanosecond DRAMs 74 and VRAMs 34, ther eb pr ovi ding approxi mately a
20 Miz data rate for t Ae nemory busVSRdMbrdlecontroller 20 is an

anbodi ment i nt or f SRS e dRAME S gddress stoetbagterdfmory bus (10
and the 64 bit MBASASH®). VORI CBbhOldits: ot Bong SEHICES ot 2 reguest s

transmtted over bus 40 (MBu by MBus mnast rom mai n nmenory
consi sting of one Af11:0pre DSfuWyplexed tdw geblemb) add¥ess bus forWI@.&ﬁf‘iéc)ésses

preferred menory controller 20 operates at the 40 MHz MBus dat

Al8:7] Used as cycle type specifier for Register 1/0O cycles as follows:
Al8] A[7) Cyde
0 0 AH. CBW[7:0] is used to transfer IOA[15:8)
0 1 AL. CBW[7:0] is used to transfer IOA[7:0]

10 1 0 Direct mode Data on CBW{7:0].

| 1 Auto-increment mode DATA on CBW[7:0].

MCLK  MBus system clock. All transfers are synchronized to this

clock.

ROE- VRAM output enable. This signal is used to enable VRAM read

15 data on the D[127:0] lines. It is not used for register.I/O cycles.
All VRAM transfers from the memory controller 20 are initiated by the
assertion of RAS- with IOSEL- negated (high).
20
5. VSIMM Preemptive Protocol for VRAM 1/0 (IOSEL- negated)
- Read Transaction Semantics
25

Reference is now made to Figure 6, which illustrates the timing during a
VRAM page mode read, according to the protocol of the present invention. In
Figure 6, a memory read operation begins with an MBus data request from an

MBus address, which is performed by asserting MAS- active low together with
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.rate, and can receive data fromany of the SIMV 30 form ng the nenory
system after RAS- (row access strobe) assertion within 4 clock cycles, or
100 nanoseconds. Actual read access tinmes are 7 clocks, and line read
-tine is at |east 10 clocks. Cycle time is at least 11 clocks. Menory
controller 20 can generate 5 128 byte burst transfers with sustai ned 32

Byte transfer t e of r. se

controller- toiﬁ/lggg ?ségdowa’f}élﬁ}(\:y rom %tecl W&g%em% &rlgﬁd]r ('J’Be) to
first data i SaJer@%e%h\qm[esloqsmmsena{mmmkaneemmtmgmam withth h@
other control signals to formthe operatidnal protocol of the present

i-nvention is slemory bpakel It puts chaladsacihtedeRow Addeen (Rewirdhonid themharbas 6
10 through 20b. The maxi num amount of main nmenory is 512 MB,

and is det er ripuscaidress lings ARPR{I Q)i ard thamasserts RASaddretive low. sThemithabl e in
the present | ene, | | d
mem)lroy inva 1’?9“%”??%@{;%'2%0 ﬁ%? tafﬁﬁcf%?ﬁﬁﬁ ‘Sf*ci)‘ﬁeg%?w& C(thﬁ@ °Bﬁﬁ§l Q?e

used to [ ween VRAM
and DRav  TeimoRr B 2Bl S RETAILD AR s SAEREAS: aner E P

posi tion, hasasgértivB of CAS-, e AfitlidagSretpagortheomainetly 1Qs idata lindg. , Posi tion
O starts at address 0, position 1 starts at address Q<4000000 and

position 2 stRATAIR7:Gdd/sing p@s@@@ﬂpwerrfﬁl}él?Ahbgﬂu dbtssis r0rnedpahet her there
is a 16 MBor a 64 MB SIMM 30 in r]lg the SINM egin osition 1
responds to a@mreywéelét%ﬂﬂmwgsacpn ﬁabBSI initig) asgerdion ot Ko e geta is

boot pro d- onl d
SI v 30 ?goam@‘?flfqrfd gﬁfor’i’ ‘\?lm%g ﬁgg%m 'ﬁ%ﬂ s}enr §+1en§]%%e$&r gé’moor?ge M]om each
posi tion whi Iaum;slaéagdaasdaddl@gs MS(WDWBBB])V&Q\QBBQ(M OFmanprfpriate 25.
addresses for VSI'MVs and DSI Mvs

acknowledgment MRDY- 51gnal (not shown) is asserted -hile the data is

returned on the MBus 40 to acknowledge that the data transfer was successfully

completed.
15
5. VSIMM Preemptive Protocol for VRAM 1/0 (IOSEL- negated)
- Write Transaction Semantics
20 Reference is now made to Figure 7, which illustrates the timing

during a VRAM page mode write, according to the protocol of the present
invention. In Figure 7, a memory write transaction begirs with a MBus write
request consisting of a main memory address asserted on the MBus address
lines MAD [63:0], along with MAS-. In the next clock cycle, the data to be .

25  written is asserted on the MBus address lines MAD [64), the first four bytes
being asserted on the MAD lines for two cycles, and then each consecutive four

bytes being asserted on the MAD lines for one cycle. During the four cycles that

25
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“menory bus and associ.ated nenory controller is very large (> 2 GB),
is possible to have two ° menory controllers in the present
-architecture. As presently configured, the first nmenory controller 20

Because total addressable nenory space for the

responds to addresses OxOOOO00O0 to OxOFOOOOOO, 5 whereas the second

woul d r espongdadipfaid Byessie assatl 060 BROMBus QYBFEORNE)anMRDY- sigfell Bhot
controllers would al 'ow for two banks of SI MM sockets, therefore

i ncreasi ng askgenkis assemted ty adawadedge thabthisisghValip Aasa ToansfersiQmesen.
in the present inplenentation of the nepgory RQus ar.ghitecture,
y- Rt o Wil

However,

there is onl 9’”59
10 physi cal

t he

5

10

- 20

TeateytedoRemary SPnugles 24 siserts gpg Wi

the specified; o

It

Row Adfibet (RB% A4 BRI ARARPLE; U] ¥ A48 oh/tRETrehfory’ O™

bus 10, along with write enable (WE-), which remains asserted for the next
three cycles. On the third cyéle, memory controller 20 asserts Column Address
(ColAd0), and three cycles later, CAS- is asserted at cycle 6, in which the first 144
bits of data are written. A new Column Address (ColAd1) is asserted in clock
cycles 7 and 8, for which the data (that was asserted on cycles 7 and 8) is written

when CAS- is asserted in clock cycle 6.

5. . VSIMM Preemptive Protocol for VRAM 1/0 (IOSEL- negated)

- Refresh

With reference to Figure 8, the protoccl supports the CAS-
before RAS- refresh cycle. However the video buffer 35 may ignore this cycle if

it is programmed to perform refresh cycles for VRAMs 34.

6. VSIMM Preemptive Protocol for Register 1/ O (JOSEL- asserted)

All register 1/0 cycles are initiated by the assertion of IOSEL- followed by
RAS-. RAS- in this case is used as a chip select for reading and writing the
device registers. There are two types of register cycles, 1) direct mode accesses
consisting first of an address transfer followed by one or more data byte

transfers and 2) indirect mode accesses whereby there is no address transfer.
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 menory bus 10 to the connector for nmenory controller 20. It is possible to
“have” anot her nenory controller coupled on the MBus (40), but in that case
the second nenory control I'er would have to have its own local nmenory on its
. MBus card. 15 _ As presently preferred, nmenory system has eight
p05|£|ons BoerCEIV§ gp to eight SIMW 30, as shown in Figure 1. SI W
positions an can . contaj,n.only DSI MV, 72. T

doubl e si ded Ehejrmném&%?%Cﬁeumma“cﬁhbaw{? niE\al) aggre §i ﬁg%? q&*Z.ZnSre

thirty-six Ime abt T, t | MV

72 rr;ay cornirl3 %‘g‘ozﬁcr gé’\g %g'glgr at [?hgloern Eﬁﬁ SM? >C<K§R/bﬂz? t?;@“&%# Sl MV
posi tions aiwa O | TRm h

VSI M 32 cur?%rclit Ia§@é§r56e\sqa}\%a} a)f)k'de&lﬁ;]toIIOad@é S|§§g@ge4ﬁsl\/8 congi&gﬂ]—ng of
thirty-two 25gkfolldrAtendddesaatio§ndfienenn sicklei data oh A[87] Thhiaddyessed 256Kx8
VRAMs 34. VSIMMs 32 can also be built with thirty-two 25 & 8Kx8 VRAMs,

t hirty-twb 258kxige Mm)dequmyheme\zgmbd@dmmﬁo ingrgment a %ﬂ?ﬁ%f%&'&t%

512Kx8 VRAMs.
discussed below.

Referring now to Figure 9, an illustration of loading an address in an
auto increment address register is shown. This cycle type is used to load an
10  auto increment address register in the responding device. It is loaded from the
CBW|[7:0] lines during two successive data byte transfers of the address to be
loaded. Any write to JOA Oxn8nn (bit 11 set) will cause the address on the
CBWI[7:0] lines during the address transfer to be loaded in the auto increment

address register. The data transfer is suppressed in this cycle type.

Referring now to Figures 10a and 10b, an illustration of direct mode read
and write operations are shown, respectively. Direct mode register cycles are
used primarily to setup device registers. The present protocol supports byte,
half-word, word ,and double word transfer sizes. An address high (AH) and

20  address low (AL) address transfer cycle is followed by one or more data byte
cycles as determined by li;e transfer size. The responding device increments

the address in its address register at the end of each data byte transfer.

Referring now o Figures 11a and 11b, an illustration of indirect mode
25 read and wrile operations supported by the present protocol are respectively
shown. Indirect mode accesses uses the auto increment address register for

decoding the addressed device. This addressing mode is used primarily to
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The presently configured VSIMW 32 require an extended | ength video

sacket "in addition to the normal SI MM socket, to route the additional
functionality associated with the video output. The present enbodi nent
‘currently has only two such extended vi deo sockets, in SIMMposittons 1 and
5° 3. Thus, although the nenory bus architecture supports nmultiple frame
buf fers (VS| MybtialiZe 168R U 12B1€3/btére8 INVIRAMsDIAS THIO Yegisted woRRFRavé Bidrit | Ons
within the present inplenmentation limts the nunber of VSIMws 32 as frane
buffers to onpseviowsly loaded avith aatesicedfddeessraa debaibeddbldongedtionr withFigine

vi deo signals to the back panel, from positions 5 and 7. However, it

i s possibl e t®above. Hhememery candiellend0 themperfarmsapage; 1} repd op wailent

i mpl enent ati on, where - additional V. 32. reside on th us 40,
or "on the SauRicEnes (BIQATIS. The il moBREn sl AsleR 3t PnetR gt ol
support a grax] MBr&f - DRAM when using 64 MB DSI MVs 72.
Speci fic [%FI\*%H{%%SB %gtgted by the menory controller 20 are
enunerated below Simlarly, specific VSIMM 32 15 supported by the nenory
controller 20 are al so enunerated bel ow. ) .. .Because the nenory
controll er 20 i n tRefeping pewda RgursdiZaenillustratine of a speqialdd Orgycleacsessiion
i ncor porates non-conti nuo, nmepory addressi ng, software 2Q_ can,use a
T rroring SchEMEvRooPRRAY Py MRS H1eMSeY I eniPTRnIngY 28 CeKiset W thigne
Uni dentified r €,: e i : ) LR QUHL 1A ¢
Ui denti 1 o0 SHGRY SRAEEHRRESRY RioptbniSFHIRCAR VMR, LUAF N fimes
contr ol | efg 20TRHRRIAGS éntroller Y8land prefiint ProffbolZUppbite lspedificyRelbr VRAM
-and SRAM nodul es, and

accessing, for example, the digital-to-analog converter or equivalent devices

contained in VSIMM 32.

15 7. Preemptive Protocol

The VBSY- signal is asserted by the video buffer 35 to preempt a memory
controller 20 access cycle in progréss to any VRAM 34 if video buffer 35 needs to
perform a video reload or refresh operation. VBSY- is also asserted in response

20  todetecting a RAS- while a reload or refresh operation is already in progress.
The memory controller 20 in these cases would deassert RAS- and wait for the

negation of V'BSY (transition to high) before retrying its cvcle.

The video buffer 35 asserts VBSY- based on the assertion of RAS- and

whether or not video buffer 35 is currently active or must perform an access

G

cycle to VRAMSs 34. The video buffer 35 negates VBSY- when video buffer 35

has completed its access to the VRAMs 34. This must be done such that RAS-
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-

Jrenory controller 20 can directly support up to four VSIMW 32 in four
skots.” 25 "G ven the many SI MM sl ot/ board conbi nations (forty-eight in the
presently preferred enbodi nent), identification of any SI MM 30
installed in any posi tion i s acconplished through software.
Conflguratlons f slot-s

19 O”ﬁ’&? 158 "?’Be“i/éi %ﬂ%"%‘a’# bENS BRI PEPtorQ) SUPRORtS 4 S MM
accesses. AS  yigeo bRIESHY impxa&@wd&dof REQUEBEYNMRBOREC TIVEN Wi RGs. dgher M ned
configurations can al so be used for system nenory mappi ng. 5
The MBus sl aveREQUEST adind@®ds ahservicerefuent igenétatediinternaliyl lyneides buiffer 35,
full level-2 MBus slave protocol as described in the SPARC MBus Interface
Speci fi cati on, wheseps FWETILVE winde;represens thstaty whetierthe SO cat i ons.

f‘lr ;nggg{] ;[ orP t Vi M%Q?re% SRS DL azcgesss@\rgefhe $REUL S Tht edER (d%hiaed
the ACTIVE or blocking window for the REQUEST state is based on whether
the current memory controller 35 cycle is to VRAMs 34 memory space or to |
register 1/0 space. The ACTIVE state is entered one clock cycle after the latest
negation of RAS- or IOSEL-. Thus the active state is controlled by RAS- for

10  access cycles to memory space and IOSEL- for VRAM register 1/0 cycles.

7.1  VBSY Assertion and negation rules

[y
(3T

Referring now to Figure 13, an illustration of assertion of VBSY- is
shown, whérein video buffer 35 is in ACTIVE state and RAS- is detected as
issued by memory controller 20. Generally, the video buffer 35 asserts the
VBSY- signal one clock cycle after the RAS- input is asserted if the video buffer
35 is performing or must SOOn.perfor'm a memory cycle. In Figure 13, the video
20 buffer 35 asserls VBSY- one clock cycle after detecting a RAS- if within its
ACTIVE window. VBSY- is negated (transitions high) two cycles after it negates
RAS- 1o the VRAMs 34. The memory controller 20 may reassert RAS- two
“clock cycles after it negates RAS to the VRAMs 34. The memory controller 20
may reasserl RAS- two clock cycles after detecting VBSY- negated. RAS-

25 . precharge timing is thereby maintained al the VRAMs 34.



supposrted. The MBus-acknow edges issued by nmenory controller 20 are 10
presently I'imted to those. without MRTY- (MBus retry), because retries are
not " generated or serviced by the nmenory controller 20. However, other
i'nmpl ement ati ons of menory controllers may include MRTY-. During

coher ent tranSfersREFﬁgfibgﬁ‘tg%’%g'} p@@g@ 23 aq‘riﬂ“gm“"?h%%@g&|&§c erations can

be di sabled to a evli ces to own now edge. An

asSerted 15 gHokdn, iwherdif aM/RIBFL avdesiiaitle BPReitory bnteale 20nis MBugy ik ansf er
acknow edge and relinqui shes bus ownershi C,y VEMORY

SYSTEM - Menorproguass,rasd| wherfr\éd\e;abmfi’ezriﬁswﬂrnergénZo'efresh or reload cycle (i.e., 1.

DRl Cont 1o e potte 35 P ABLES S bR SR SR S0 %
02501 S e BGRB8 B A SRR 2
twel ve -bit addWRAM @peratidRPVBEYLntbRuph the memory &sitioIRt 20c THeANemopONnent s
in colum/row address form Partial double
20 - controller 20 will end its access within a predefined number of clock cycles.
One clock cycle after RAS- is deasserted, the video buffer 35 will perform its
memory cycle. VBSY- in this case is used to preempt the memory controller
10 20's access cycle to VRAM 34 already in progress. The memory controller 20
will terminate its cycle within a predefined number of clock cycles. According
to the implementation of the present memory controller 20, this limit is
currently set at thirteen (13) cycles. One clock cycle after RAS- is deasserted the
video buffer 35 may enter its ACTIVE state. The video buffer 35 is responsible
15 for meeting the RAS- precharge specification for VRAMs 34. Thus the

assertion of its RAS- will not occur before four cycles after the negation of

RAS-.

Referring now to Figure 15, an illustration of assertion of VVBSY- is
20 shown, wherein there is already in progress a register 1/0 cycle by memory
controller 20, and wherein video buffer 35 enters its REQUEST state.  If an
memory controller 20 register cycle is in progress when the video buffer 35
needs to perform a VRAM operation, VBSY- interrupts the memory controller
20 . This case is similar to the previous case except that the ACTIVE- assertion
25 is delayed until the deassertion of IOSEL-. In this case, VBSY- is also used to
preempt the memory controller 20°s register I/0 cycle in progress. The

memory controller 20 will terminate its cvcle within a predefined number of
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. wor¢ accesses are acconplished with an internal read nodify wite cycle.
€oherent transfers extend their response w ndow by the progranmed M HDEL.
W apped read burst transfers supply the first double word on the transfer's
. eight byte aligned address. Stores use the DRAM early wite cycle transfer.
2. VRAM Cont r ol No error correction
code (ECC) chdadk dyclles apd lpemreryl)améauﬁedeémfﬂmm Omnce tloghsydle afterTher ef or e

t'he byte writ apl es are check-bit wite
(W ”st gnal TsELea Gasthiga g viadh it B RRy Slet I ACTIVE SRS, Vioam 34 5
accessed with the sanme timng constraints as DRAMs 74. As shown in
Figure 8, the CBW [15:0] are deasserted during refresh cycles. Each
VRAM 34 may be ac®Refsfifg viow & Biguteals, parillustratiorcoflspcilal proledols padifable

5 on the integrated memory bus to guarantee reliable glitch-free operation of
RAS- and chip select during the transition of ownership between the memory
controller 20 and video buffer 35. In each case, VBSY- asserted for one clock at
the end of its ACTIVE window due to maintain consistency with the protocol
illustrated in Figure 13 above. In Figure 16, the VBSY- decision window must

10  extend one cycle beyon'd the ACTIVE window because the memory controller
20 was blocked from the video buffer 35. If VBSY- were not asserted, the
memory controller 20 would complete its access when in fact the data or

address cvcle was blocked for register 1/O access or VRAM access, respectively.

15 Still referring to Figure 16, the present protocol support a data_block
sigﬁal generated by the video buffer 35 to block the address and data lines. A
rasin_block signal is internally generated to block issuance of other internal
control and blocking signals: RAS-, CAS- and chip_select. Rasin_block would
be negated at the end of MCLK 4 if RAS- is not asserted. Otherwise rasin_block

20 . remains asserted until the latter of RAS- or JOSEL- negated.
7.2 Special Protocols to support.Video Buffer Functions

The video buffer 35 allows a single memory system to have
25 multiple VSIMMs 32 with independent video timing. Each VSIMM 32
contains the components needed to allow a video-monitor to be connected to

the system. All of the VSINMs 32 in the system are controlled by the memory
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for hoth two and four MB franme buffers by asserting an SIRQ signal, or

over a 256 bit data path for the eight and sixteen MB franme buffers.
The 256 bit data path width would be used to support doubl e buffered
true color for high resolution monitors. The current inplenentation
requires cShtfobr 20BnRHE kidiRer8BaRONith refer fRAND IFigithe AV EIRL ¥iQRS buffer 20
3, VSIMM Preenptive Protocol - Overview As previously shown
in Fi gure 3, Mrgeneddlly acts acameqale)huﬁier\/@rmm}hplexed addaess liresser vi ced by
the video buffer 35 on VYSILMV 32 fi nt _nodul ar f ashion, the
vi'deo buffer ADDRILLU tedyis a%?na&&% Wfﬁgolml\e&ﬁ%saﬁ‘déﬁﬁ S- lines

ehoad, o1l eoyaMTBe R B8 A ARG B0| e BRPUIT S S Lo
30. 5 DTOE- when the memory controller 20 asserts ROE-, enabling the outputs of

the VRAMs 34 for read cycles. Occasionally, the video buffer 35 must take

control of the outputs to the VRAMs in order to perform refresh and reload

cycles. As shown in Figure 17, when the refresh and reload cycles are in

progress or are imminently required, and RAS- is assertec by the memory

10  controller 20, the video buffer 35 asserts the VBSY- signal to memory controller
20 to signal that the VRAMs 34 cannot be accessed. The video buffer 35 is also
used to control register operations for its own internal registers and the

registers of the other components on the VSIN{M 32. The register operations

are described in another portion of this document.

The protocol of the present invention further supports resolution
of control of VRAMs 34 when refresh and reload operaticns must be
performed. The video buffer 35 refreshes VRAMs 34 at a rate determined by
the bits in an internal control register. The video buffér 35 counts clock cycles

20  and asserts an internal refresh request at the appropriate time. If refresh enable
is sel, refresh atiempts by the memory controller 20 are blocked. If the refresh
enable’ is cleared and the memory controller 20 is programmed to perform

refresh to the VSIMM 32, proper operation will result.

25 Referring now to Figure 18, an illustration of the operative
protocol when the video buffer 35 is performing a refresh cycle and the

memory controller 20 asserts RAS-, the video buffer 35 asserts the VBSY-
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'_Th\e [equesting video buffer 35 will synchronously assert VBSY- no sooner

than -~ the second rising edge after the nmenory controller 20 RAS- is
asserted. The menory control-ler 20 then non-destructively preenpts any
i n- progress menory controller 20 transfer cycle as the video buffer 35

transitions out of its 5 idle wndow The nemory controller 20

rel i nqui shes gyslaVMragmedmRdtycontroller 20 will@hati deRsérth€RASSaRd wigasgerti ng
RAS- for. two consecutive ocks. Once the vi deo buffer 35 acquires
VSI MM owner s hingil \ﬁ&SYbiaJdeasqud befovel teying rgiis. If the vidembufflerd5 reede twr y

controller 20 and lo rdrives them erin e VRAM
access prot od?ﬂrg’m"mgefmaiﬂé%dﬁlﬁ eZy thegnemary ¢ hlﬁéag Flf%a%riqrm% ate 10
enabl e for tgﬁ r?nglgfal;ra{]eglsf@ c % “% 11' &in %g %Qlﬁfnhq{e‘kil 'tl'he memorySer T_he

maxi mum peri Ie W n a co Vi ce

is calledst h&oﬁﬁllééawmdpmeﬂﬂnatsvﬁbmv wcléwnghfroﬁmésalotkr@m@nWhen with
VBSY- to an initial nmenory controller 20 RAS-slot request while the 15

vi deo buffer tB§ megnqgtqovgpyexgé(p deasiserds RUSSthe videsi brffear3Sewileperferot thee | ow)
unti | C and .t he vi.dep buffer .35 i's no
longer in an' ges\{‘ Efr %é%" %F%‘F’*Bﬁgg%“'g' Fﬁ?%‘dogqrﬁ“%’? 5 campletednsuring a

Tenory. G@&%ﬁﬂétl iPRARD id aanﬁs@he&'O@ﬁmoaug%mapl& ' OPiRko %r%mﬁ After
retaining SI MM owner shi p, the nmenory contro 0 restarts th _
i nterrupted trreﬁem‘@,rcle 20 The present protocol permts nmenory control | er 20
to nonitor VBSY- as it transitions out of its interrupted transfer

state andi0reasserts RAS- to deternine _

. Referring now to Figure 19, the protocol supports video buffer 35
reload cycles to VRAMs 34 as needed to keep the VRAM shift registers loaded
properly. When the video buffer 35 is performing a reload cycle and the
memory controller 20 asserts RAS-, the video buffer 35 asserts the VBSY- pin.

15  The memory controller 20 wil] then deassert the RAS- and will wait until the
VBSY- is deasserted before trying again. If the video buffer 35 needs to perform
a reload cycle when the memory controller 20 is already performing a memory
cycle, VBSY- will be asserted and held. The memory controller 20 will preempt
its memory cycle within eleven clock cycles. When the memory controller 20

20  deasserts the RAS-, the video buffer 35 will perform the reload cycle. VBSY- is

deasserted when the reload operation is completed.
D. Memory System Architecture and Implementation

25 _ 1. DSIMM
As previously stated, the present memory bus architecture has a

128 bit datapath width, together with 16 bits of ECC (Error Correcting Code).
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Yy

whet her, during a nmenory controller 20 refresh to a different SI MW

peési tion, the video buffer 35 assuned VSI MM ownershi p. Periodic VSI MW
refresh and shift reload service, by the video buffer 35, is
$Chedul ed to occur after the 25 mninmum progranmabl e del ay of twelve

pendi ng cycles. The active w ndow for video buffer 35 can be extended

f ro][n a i ni nunThe memarycus| @pihave dwo RAS ling: BeqdR4Me3Q AwoKAS lings, one
Co| B O SO Kb ot T o 11

programed | ar m-°cohere dela

pr otocol shoul ghphavg eakﬁrﬁg‘iﬁijceﬁr%m&eap\‘ﬁ' Mde Q}@ﬁﬁﬂseﬁﬂ}eﬁmo variands of

: Protocol /I nterface signals he control signals
used by the ECDSHdMy32: adiimegabete v2Esiamdsiag [1 Mbx4 DEAMA;743ﬂ1da)64 megabyat t he
menory bus gr ot ocol are: -directional nultiplexed

data bus signaversionessing $Mbx4 DRAMs Cﬁw}lgsb‘]&d B@/F@anstaeb‘gfffil? pde dishiibytag
write accessestﬂeoRXBAMsAs’Bé}’ CAS1-, WE-, and A<0-11> signals to the DRAMs 74. The

present memory system implementation uses 80 nanosecond DRAMs 74 to
achieve 100 nanosecond data access time from RAS- generation. The memory

controller 20 supports the following densities of DRAMs 74 on DSIMMs 72:

10

RAM Density # of Rams  Capacity Type

1Mbit (256Kx4) 36 4 MByte ECC DRAM
15 4Mbit (1Mxd) 36 16 MByte ECC DRAM

16Mbit (4M\xd) 36 64 MByte ECC DRAM

Although the present memory bus architecture supports two RAS
20 lines per SIMM position, in the present implerhentation the RAS0 and RAS1
signals on the sockets for all SIMMs 30 are tied together on the motherboard,
and the OE- is tied to ground on the DSINM 72. Because the present
architecture is arranged in full datapath width arrangements, DSIMMs 72 can

be individually added one at a time, each DSIMM 72 having 144 bits of data and

"~
ot

is double sided, using 36 DRAMs per DSIMM 72.
2. VSIMM

The present implementation of a VSIMM 32 contains thirty-two
30 VRAMs 34, a video buffer 35, and a display interface 36. The video buffer 35
buffers RAS-, CAS-, \WE-, the address bils ADDR|[11:0] and the CBWs [15:0].

M



these | ines specify the bytes to be witten and are driven high for

"VRAM reads. For register 1/0O accesses CBW7:0] are used as a bi-

di rectional data bus and CBW8] is used as the read/wite- signal. All
register cycles are byte transfers. 15 JOSEL- VRAM 34 or
regi ster access select. Wen asserted this signal selects
the register |d§W§QﬁC&edQsW@bﬁﬁlﬁbﬁmmﬁadﬁaiﬁytym enables in the 34.
THi s signal is used to qualify RAS- (see Figures 9-16). VBSY-
Vi deo busy us&tSIMMs B eﬁbmndteh@uﬁeeéirplsoxpeowdes refrsish and reload cnrcunry for When

d 35
busy w th o r dneYRAM: Seender Lot 3%, e, A ace Shrcathes ey to
(see Figures éi‘l{}ég% the senalegéflt___dalm§m the VRAIVB% Wgﬁﬁﬁt tlﬁﬁﬁ%h%xgﬁv\“ h

accesses to VI I S negate
JOSEL- assert ¢itd @ dighSi-td-sndleg doraerizr (ivthown) to form a red, grean, and bhay

register I/Otransfers (see Figures 13-20b). 25 JOSEL-
RAS- KRGB? output signal for the display mpnitor's color gup. Regi st er
I/ O chi p-sel ect . 1 0 VRAM access,

RAS- asserted
The memory controller 20 supports the following densities of

VRAMs on VSIMMs 32:

10
RAM Density # of Rams Capacity Type
2Mbit (128Kx8) 16 2 MByte 128b VRAM
15 1Mbit. (256Kx4) 32 4 MByte 128b VRAM
2Mbit (256K x8) 32 8 MBy'te 256b VRAM
4Mbit (256Kx16) 16/32 8/16 MBvte 256b VRAM
4Mbit (512Kx8) 32 16 MByte 256b VRAM
20
In the present implementation of the memory bus, there are two
versions of the VSIMM 32. There is a four megabyte version using 256Kx4
VRAMs 34, and an eight megabyte version using 256Kx8 VRAMs. The present
implementation uses 80 nanosecond VRAMs 34 to provide for 100 nanosecond
25 data access times following generation of RAS- by memory controller 20.
3. NVSIMM
30 a. Timing Adjustment Between NVSIMA] and Memory Controller



O 1 VSI MM busy, no RAS- or chip-select.

1* ' 1 VSIMM i dl e CASI NO- VRAM Col.umm addr ess
strobe | ong word O. CASI N1- VRAM Col utmm address strobe | ong
word 1. 5 Al 1] : 0] Mul ti pl exed row col uim address bus for VRAM
accesses. Al 8: 7] Used as cycle type specifier for Register

0 AT s e i it v
1 AL. CB , ' ' . 0
Direct 1o deWD%IF(g Lg&ﬁ%e%afegx:ngﬁow @&ﬁﬁoq{er 5%&»&3& %g fast_lg_r speeg\uvtwct)l] iD&%}l\é nent

nmode DATA on SIRYNAE, Blere must be some tikin adjustmentBeeweensthemm&hesK. Al
transfers are synchronized to this cl ock RCE-

VRAM out put ~ eetitcller 20iandVYSIMMi 8 fos propes readishd wiRaMperstibns5 With

RO RTINS R IR L,

assertion of ASeaick RuifeSe mOREA! &htidlePBd wildR instructed to relinquish the
NVSIMM when NVSIMM 82 asserts the VBSY- signal active low. This feature
provides more clock cycles to NVSIMM 82 to complete its operation properly.
VBSY- signal is synchronously asserted one clock cycle after a first RAS- by

10 NVSIMM 82, and it is deaséerted one clock cycle after the removal of the first

CAS- signal. During the second cycle which is the retry cycle, VBSY- is asserted
two clock cvcles after the assertion of RAS- by NVSIMM and deasserted one
clock cycle after RAS- is released. The data will be latched by the memory
controller 20 at the rising edge of retry CAS- in a read operation, as shown in

15  Figure 20a.
b. NVSIMM Interface Timing

NVSIMM 82 operation, and all outputs from the NVSIMM 82, are
20  synchronous to the rising edge of MCLK except SIRQ- (battery fail). There are
four modes of access to the NVSIMM 82: write, read, read-modify-write, and
refresh. During a refresh cycle, no operation is done on the NV'SIMM 82. For
both read and write operations, the NVSIMM 82 asserts VBSY- one cycle after
assertion of RAS- signal. If at the next clock cycle no CAS- fs asserled, as
25 mentioned above then NVSIMM 82 is in a write operation. VBSY- is

deasserted (high) one cvcle after deassertion of retry RAS-.

36



5..., . VSIMM Preenptive Protocol for VRAM I/ O (1 OSEL- negat ed)

- Read Transaction Semantics 25 Ref erence is now nmade to Figure
6, which illustrates the timng during a VRAM page node read, according
to the protocol of the present invention. In Figure 6, a nenory read

operation begins with an MBus data request from an MBus address, which

Is perforned by a \ [ 3 |
?%?%gﬂ?]g};@%fer?ﬁ, INABSIMANV8S @RIE EhySPortefther 8 byte or 16 byte

24 S fromwhich data is requested from bei'ng driven
]9_ri Ej he P]/Busd transaatiolt sizes, whiels is\@@efntided by ASG- radrfeABl-y NUSIMMI826eril120

iinds this data within its nmenory space, it pyis the associ ated Row
Addr ess ( Row/gh tconw@itiipnep madeand ignorep aay tteeh syclpd, rekgsyeydaisg) | and

t hen asserts S- ctiv W, h put s
t he associ at e@ﬁﬁ?‘ﬁj ﬁﬁ%ﬂﬁ a?sgfs'? %’Fﬁggk‘%én %ﬁ’gal' W%%@%E%hgg{cf ré’gls? l i nes
ADDR[ 11: 0]5 Whist& tRe $&rdshiie doAS: In el presénbBmbodimé@ftsR ithkedn4@ockAyles, t he
first data returns on the nenory bus data |ines
including precharge, for NVSIMM 82 to perform the read operation (Figure
20a). Similarly, in the present embodiment it takes 16 clock cycles, including
precharge, for NVSIMM 82 o perform the write operation, shown in Figure
20b. There will be extra cycles if refresh occurs between first RAS- and retry

10 RAS-. There will be extra cycles if refresh occurs between first RAS- and retry

RAS-.

Finally, the SRAMs 84 do not require refresh cycle, and NVSIMM 82 will
ignore all bus traffic associated with refresh during idle mode, read or write
15 operatibns. NVSIMM 82 uses the Pin 92 (SIRQ-) on the memory bus 10 to
report the status of its battery 88. The value of this signal is stored in one of the
registers in a controller on the mother board. Software can access this register
and verify the'status of the battery. Each NVSIMM 82 may be equipped with its

own exclusive batlery fail signal (Pin 92).

20
The foregoing has described a bus architecture for integrated data and
video memory. It is contemplated that changes and modifications may be
made by one of ordinary skill in the art, to the device components and
arrangements of elements of the present invention without departing from the
25  spirit and scope of the invention.



~DATAF127:0]. Using presently preferred VRAMs 34, data i's returned
a%proxinately 100 nanoseconds after the initial assertion of RAS-. The data
is 10 buffered through the nmenory controller 20 in one cycle and sent out

onto the mul ti pl exed data/address lines (MAD 163:0]) of MBus (40.
Finally, an acknow edgnent MRDY--s3gnal (not shown) is asserted Wile
tpbe data is returned on the MBus 40 to acknow edge that the data
ttansfer was successfully conpleted. 15 5. VSIMWT
Preenptive Protocol for VRAM I/ 0O (| CBERIMSeqat ed) - Wite

Transacti on 1ISenant iks corfjfuter bus structiefey eneeid S dompueste tiwadi gure

7, which ilgéﬁ*]éﬁleé é%f%ﬁ@ethe elequﬂr.{t@ &_VRAM page node write,

according to the proto presen Invention. In Figure 7, a
menory wite transa&tiracesgpmdud i saldBuaessar bus caupbsd ttonst sting

of a Min MY SAEr AT Ll BN 886 oupled b Fa D
[63:0], along with MAS-. In the next clock cycle, the data to be
witten is SOF dmshSaisl DeRpRYe LS GapnIEINSB4], the first four

byt es bei ng assplwuthldty lvr MAAYdges finds i wo cycles, and then each

consecutive four hyt.es bei sserted on the MAD lines for one cycle.
During the four cy@ @&qﬁﬁzy of Gata +ines; 25

a plurality of control lines;

a plurality of memory module connectors, each of
said memory module connectors coupled to said address,
data, and.control lines; _

at least one data memory module coupled to one of
said memory module connectors, said data memory module
storing data;

at least one video data memory ‘module coupled to
one of said hemory module connectors} said video data
memory module storing wvideo data; and

a memory controller, said memory controller
coupling said memory’ bus ' to said processor bus, said
memory controller receiving memory requests over said
processor bus and transmitting said memory requests to
said data memory module and said video data memory module
over said memory bus, said memory controller receiving
register I/0 requests over said processor bus and
transmitting said register I/0 requests to said video
data memory module over said memory bus.

2. The'computer bus struéture as claimed in claim 1
wherein said data memory module comprises a single in-
line memory module having a plurality of dynamic random
access memory devices (DRAMs).

3. The computer bus structure as claimed,in claim 1
wherein said video data memory module comprises a single
in-line memory module having a plurality -of videa random

* c L M H *



each-four
shown) is
MRDY- is

specified
asserted

remains a
controlle

CAS- is as®@qess qenany devices WVRAMshe first 144

written.
and 8, fo
10 when
Preenptiv
Ref resh
pr ot ocol

refresh c

bytes is asserted on the MBus address lines, an MRDY- signal (not

asserted to acknow edge that this is a Valid Data Transfer.
asserted, nenory controller 20 asserts RAS-, along with the

Once

Row Address (RowAd). On the fifth cycle, the data is
on the nmenory 5 bus 10, aloypg wWith wite enable (WE-), which
sserted for the next three cycles. On the third cycle, nenory
r 20 asserts Col umm Address (Col AdO), and three cycles |ater,

bits of data are

A new Col umm Address (Col Adl) is asserted in clock cycles 7
r which the data (that was asserted on cycles 7 and 8) is witten

das- |saﬁﬂﬁnk¥ﬂ shruFbekecys| @efined by claim 1, whereinsg|

e daiat ovmebordawwhéﬁacyl Giodulenedst Edkrther coupled to a-

i Siaptandevice, qug, Mab AT NSR Brrtkd nusatd e

vi deo buff@ﬂdﬁ?rﬂ@m¢gMom@dum&;ichereﬁtly prqvldedFmogsammxwidemerform

Veligpry dbAe 34

5. The bus structure as defined by'claim 4, wherein
said control signals includes a plurality of check bit
write signals (CBWs) for transferring write enable
signals to a plurality of video memory devices disposed
on said video memory module.

6. The bus structure as defined by claim 5, wherein
said write enable signals are valid when said CBWs are in
a logical low state.

7. The bus structure as defined by claim 5, wherein

'said CBWs transfer a predetermined error correction code
to a plurality of memory devices disposed on said data
memory module.

8. The bus structure as defined by claim 7 wherein
.said memory devices disposed in said data memory module
comprise dynamic RAM (DRAM).

9. The bus structure as defined by claim 7 wherein
said data memory module and said video memory module have
a data path width equal to a data path width of said
memory bus.

10. The bus structure as defined by claim 9 wherein
said data path width of said data memory module and said
video memory module is 144 bits wide.

* c L ] S *



20" ¢ 6. VSI MM Preenptive Protocol for Register I/0O (| OSEL-
a%serted) Al register 1/Ocycles are initiated by the
assertion of | OSEL- foll owed by RAS-. RAS- in this case is used as a
chip select for reading and witing the 25 device registers. There are
two types of register cycles, 1) directggmde accesses consisting first
of. an address transfer followed by one or nore data byte transfers
and 2) indirect node accesses whereby there is no address transfer.

The respondilng devithe dousntticugtuyei ge dafinedinbydedsdm i whereiml oade

aut 0 i ncr engyia addiedvtry 98iSt 8pephtbEe a410a Ol ratRndg! Ay Egﬁ r
| ndi rect qughaccggses arg al ways done to ?%C)gggress €345A pége 15.
The nmenory €9ua t4DIME%- 20 encodes auto increment node data on A[8:7].

The addressed 5 device is decoded fromthe previously |oaded auto

increment address kOl STAL structllF 4§ e(:def)ierleca'v'by claim 9 wherein a
plurality of processors are coupled to said processor
bus. '

13. The bus structure as defined by claim 12 wherein
said memory bus control signals comprise a VBSY signal
for indicating refresh cycles for said video memory
deVices, RAS and CAS signals for selecting said memory
devices, Write Enable signals for indicating a write
transfer, and IOSEL signals for adcessing a register
address space of said memory bus means.

14. The bus structure as defined by claim 13 wherein
said VBSY signal decouples said memory controller means
from said video memory module when said video memory
devices require refresh or reloading.

15. A method for integrating data memory and video
memory access requests in a computer system, said
computer system comprising a processor bus having at
least one processor and a memory bus coupled to said
processor bus through a memory controller, said method
comprising the Steps of: _
| coupling at least one data memory module and at
least one video memory module to said memory bus;
sensing a memory access request in said memory
controller sent by a processor over said processor bus,
said access request sent over said processor bus using a
first protocol;
translating said memory access request received
- over said processor bus using said memory controller into
a memory access request for said memory bus and

A



Referring nowto Figurée 9, an illustration of |oading an address in an
auto increnment address register is shown. This cycle type is used to | oad
an 10 auto increnent address register in the responding device. It is

| oaded fromthe CBW 7:0] lines during two successive data byte _
transfers of the address to be logfed. Any wite to I OA Oxn8nn (bit
11 set) wll cause the address on the CBW7:0] lines during the
address transfer to be |oaded in the auto increnent address register.
The data t iR biing $a i segmpryt Argesgcreaupss. over said memory

Referring nsus Wb i W afeddif a@_q,ﬁgm,lan illustration of direct node read
and wite oper ations are$hown espect i vel y. Direct node_ register cycles

are used pri dr i$3A9 JeRRTH, S8 regpeagtraverraid d¥qresgnax ocol
supports byus is tardetédwsod, smdddaaadméﬁbbggmwiﬂér@hsﬂf darméﬁdﬁ- An
address hi gy, (A 5 I AL) addres ransf er

fol | owed b;!/n’one &raén}gre"zcgeﬁs% i &)ﬂé Q& OL¥ fE "b]:?ne}%cc?rnﬂll gﬁet‘?ransfer
size. The ﬁ@gﬂomm@rneaccessmmats recelveed]eoueldr esdd prdcesxllr ess

regi ster atyidie end of each data byte transfer. Referring now
to Figures 11a and Alb, an illustration of indirect node 25 read and

Write operations s&[:f'p(ﬁatléd NN FCES IR AVel Saidh Ruadessior

bus is targeted for said video memory module, said memory
controller accessing said video memory module according
to said memory access request received over said
processor bus.

sensing a register I/O access request in said
memory controller sent by a processor over said processor
bus, said register I/O access request sent over said
processor bus using said first protocol;

translating said register I/0 access request
received over said processor bus using said memory
controller into a register I/O access request for said
memory bus and transmitting said register I/O access
request over said memory bus using said second protocol;

16. The method as claimed in claim 15, further
comprising the steps of:
coupling a video display device to said video
memory module; | _
transferring video data from said video memory
module to said video display device.

17. The method as claimed in claim 15 wherein said
second protocol comprises the step of transferring a
plurality of check bit write signals (CBWs) to video
memory devices disposed in said video memory module, each
CBWs indicating a write enable for one of said video
memory devices. |
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shrown. I ndirect node accesses uses the auto increnment address register for
decodi ng the addressed device. This addressing node is used primarily to
24 initialize | ook up tables stored in VRAMs 34. This

regi ster would have been previously | oaded with a devi ce address as
described in connection wth Figure -~ 42 9 above. The nenory controller 20
then perforns page 15 read or wite accesses to |1 OA[15:01. The auto
imcrement address register is incremented after 5 each data byte,
tfansfer. 18. The mefhedpfgclaimed Ayuetain 17p whereimtsaidof a

s’p’eci al Ié@gzwﬂdel acpieﬂ:bd dcﬂ f_ﬁra{wml . m'%egl()]ﬂyétzl eSstéps ;JS@_@ to
access and, niti i ze devi,ces o) chip, sel ec ccess tipes, or
t hose requfﬁﬁﬂfééﬁﬁéﬂg\ﬁ?%ﬁfﬂﬁ%%gﬁbdgtflﬂﬁWP§¥rﬂE¥1QRF é%ﬁﬂ??ﬁﬁmﬁ@
control | er saddanddptasememoryt oandbdslgpor saidpectBWs cydhddchting a

accessi ng, Pgde@é?@f'ﬁ%& Hﬁ?&: %'eﬁlﬁ_iﬁoqpaéo%.converter or equi val ent

devi ces con

19. The method as claimed in claim 18, wherein said
second protocol further comprises the step of
transferring address signals for accessing said data
memory module and said video memory module, a VBSY signal
for indicating refresh cycles for said video memory
devices, RAS and CAS signals for selecting said memory
devices, Write Enable signals for indicating a write
transfer over said memory bus, and IOSEL signals for
accessing a register address space of said memory bus.

20. The method as claimed in claim 19 wherein said
VBSY signal causes said access request over said memory
bus to terminate and said access request over said memory
bus is subsequently retried.

RH YA



A - 7. Preenpti ve Protocol ’ The VBSY- signal is
asserted bY the video buffer 35 to.préeenpt a _nmenory controller 20
agcess cycle in progress to any VRAM 34 if v 5—negds to
performa video reload or refresh operation. qiE@Y?Hf gﬂgoBEgyserted in
response 20 to detecting a RAS- while a rel Bsh opgration is

already in progress. The nedBeIRAEBntroller 20 in these cases woul d
cbeassert RAS- and wait for the negat i on of VBSY— (transition to high)
béfore retrying its cycl I R T uffer 35 asserts VBSY-
based on the assertion W% er or not video buffer 35 is
cU(rjrenLI %lf actlve or szL perfornran d.bbcbb tycte to VRAMS 34. The

vi deo buffer negat es, VBSY- buf

access to the V %ﬁ"-‘h‘l'ﬁ?%"?rﬁgg ﬂg’réﬂ rﬁtﬁ‘itdaﬁ@‘d Video e Ioert ed its
28

A high speed dedicated memory bus is coupled to a memory controller. The

5 'memery controller is in turn coupled to a multiple processor bus
interconnecting one or more processors. Single in-line memory modules
(SIMMs) incorporating dynamic random access memory (DRAM), video RAM
(VRAM), and static nonvolatile RAM (SRAM) are coupled to the memory bus.
Bus contro! signals forming a bus protocol, and address and data lines from the

10 memory controller are shared by all memory modules operating on the |
memory bus. Certain control signals invoke specific operations on memory
modules or are ignored, depending on the type of memory module receiving
the control signal. The memory modules incorporate the consistent protocol
by virtue of a consistent control signal pin out. The SIMMs further incorporate

15 buffering and conversion functions, thereby relieving the memory controller
of service overhead associated with these functione. Integrating all forms of
memory into a single data and video memory architecture permits a highly

functional dedicaled memory bus to be connected to the computer system.

- 43 -
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Abosizr-¢
precharge is maintained at the VRAMs 34. The present protocol suppor txfes
Vi déo - buffer 35's inplenentation of REQJEST and ACTI VE vm ndows Theage 1722

V ndow-{ or- H%e

ent er t he ACTI VE or bl ocki n¢ t‘%& I s based on
whet her the current menory g¢ofitrolier” 35 c;yel PSFRES 34 nenory

space or to regi ster I/O spack.THé-ACTI ¥E>5t-atie Fagcdnterled one cl ock
cycle after the |atest negafi on of RAS- or | OSEL. Thus the active
state is comirolled by RAS- for ODAISE €55 RECHIES ..My spgace and

| OSEL- for \/Wter |/ O cycl €5 7. T VBSY Assertion
and negation ru 15 = Referring now to Figure 13, an

illustration of aﬁWhom wherein video buffer 35
is in ACTIVE state and RAS- is dakected as | ssued by nenory
control ler 20. Generalby—the-vid8o buifer—3] asserts the

- REQUEST wi ndow i s an service requgst et At .. -y viideo buffer
35, wher eas the ACTI VE wi nd rl__w E); lggt \ﬁ%r he menory
5 controller 20 is blocked fro cﬁ‘ss il O"ih%? DSE’Pgeghe ecision to
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VBSY- signal one clock cycle after the RAS- input is asserted ifptagg Mboleo

_buf?ér 35 is performng or nust soon performa nenory cycle. 'In

“Figure 13, the video 20 buffer 35 asserts VBSY- one clock cycle after.
detecting a RAS- if withinits ACTI VE wi ndow. VBSY- is negated :
(transitions high) 'two cycles after it negates RAS- to the VRAMs 34.
The nmenory controller 20 nmay reassert RAS- two clock cycles after it
negates RAS to the VRAMs 34. The nenory controller 20 may reassert
RAS- two clock cycles after detecting VBSY- negated. RAS- 25 precharge
timng is thereby maintained at the VRAMs 34. Ref erring
now to Figure 14, an illustration of assertion of VBSY- is shown,

wherein a VRAM access cycle by nenory controllegr 20 is already in
pragress, and where video buffer 35 nust perfo a refresh or reload cycle

(i.e., video buffer 35 enters RE e)s 1y, if a nmenory
controller 20 5 megory cycle is already in progress, apd the video buffer
35 needs to perfgrm VRANIoperat?on, VBSY- interrugts t he nory
control ler 20. TRemenory cogrolifler 20 will end i{s acce within a
redefi ned nunbey; ®Bf | cl ock cycles. £2 = .
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One clock cycle after RAS- is deasserted, the video buffer 35 will pgriogm,
its? menory cycle. VBSY- in this case is used to preenpt the nenng§
“controller 10 20's access cycle to VRAM 34 already in progress. The
menory controller 20 will termnate its cycle within a predefined
nunber of clock cycles. According to the inplenmentation of the present
menmory controller 20, this limt is currently set at thirteen (13)
cycles. One clock cycle after RAS- is deasserted the vi deo buffer 35
may enter its ACTIVE state. The video buffer 35 is responsible 15 _for
meeting the RAS- precharge specification for VRAMs 34. Thus the

assertion of its RAS- wll not occur before four cycles after the negation
of RAS- . . Referring nowto Figure 15, an illustration of
assertion of VBSY- is 20 shown, wherein there is already in progress a
register 1/0 cycle by nmenory controller 20, and wherein video buffer
35 enters its REQUEST state. |If an< menory controller 20 register
cycle is in progress when the videthﬂffer 35 " needs to performa VRAM
operation, VBSY- interrgpts the me controller 20 . This case is
simlar to the previousycase except at the ACTIVE- assertion 25 IS
del ayed until the deﬁZSértion of | -. In this case, VBSY- is also used
to preenpt the nory control | b 20's register I/O cycle in progress.
The menpry controlder 20 wllnjermnate 1ts gycle within a predefined
nunber of ‘j 2 . | 30
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clock cycles, and is currently set at thirteen (13) cycles. Once c?%e 4/22
cycle after | OSEL- is deasserted, the video buffer 35 may enter its

" ACTI VE state. Referring now to Figure 16, an illustration of

speci al protocols available 5 on the integrated nmenmory bus to guarantee
reliable glitch-free operation of RAS- and chip select during the
transition of ownership between the menory controller 20 and vi deo
buffer 35. In each case, VBSY- asserted for one clock at t he end of
its ACTI VE wi ndow due to nmaintain consistency with the protocol -
illustrated in Figure 13 above. In Figure 16, the VBSY- decision w ndow
must 10 extend one cycle beyond the ACTI VE wi ndow because the nenory
controller 20 was bl ocked fromthe video buffer 35. If VBSY- were not
asserted, the menory controller 20 would conplete its access when in
fact the data or s address cycle was bl ocked for register 1/0O access or
VRAM access, respectively. 13 Still referring to Figure 16, the
present protocol su rt a databl ock signal generated by the video

buf fer 35 tp—block—t+he—address—and—data—tires—A rasin_bl ock signal is
internally penerated to bl ock issuance of other_internal control and
bl ocking sipnals: RAS,, CA chip_select. Rasinjjbl ock would be
negat ed at Fhe end ofl*l\/CLK 4 ifl RAS- is t asSertech. O herw se rasinbl ock
20 remains asserteg‘{lntll the {atter ofy RAS- @r | QbEL- negat ed.

7.2 Special Protocals to®upport Vide iy Funcli ons
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The video buffer 35 allows a single menory systemto have 25 nul?#&#é/zz
VSINNB 32 with independent video tim ng. Each VSI MM 32 contains the

" conponents needed to allow a video nmonitor to be connected to t he
system Al of the VSIMW 32 in the systemare controlled by the nenory

31 controller 20 on the notherboard. Wth reference to Figure
17, the video buffer 35 generally acts as a sinple buffer for the
mul ti pl exed address |ines ADDR[ 11 : 01, the byte wite enables

CBW 15: 0], and the RAS- and CAS- lines whi ch are generated by it he
menory controller 20. The video buffer 35 asserts 5 DTOE- when the
menory controller 20 asserts ROE-, enabling the outputs of -t he VRAMs
34 for read cycles. Oggasionally, the video buffer 35 nust take

control of the outpytjs?to the VRAMs in order to performrefresh and rel oad
cycles. As shown ih Figure-17, when the refresh and reload cycles are in

progress op._are | nently required and RAS- |s asserted by the nenory
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10 -.controller 20, the video buffer 35 asserts the VBSY- signal to ﬁéﬂbﬁ#zz

controller 20 to signal that the VRAMs 34 cannot be accessed. The
video buffer 35 is also used to control register operations for its
own internal registers and the regi sters of the other conponents on
the VSI MM 32. The register operations are described in another
portion of this docunent. 15 The protocol of the
present inventi.on further supports resol ution of control of VRAME 34
when refresh and rel oad operations nust be perfornmed. The video
buffer 35 refreshes VRAMs 34 at a rate determ ned by the bits in an

i nternal control register. The video buffer 35 counts clock cycles 20
and asserts an |nternal refresh request at the appropriate tinme. If refresh

enable efjesh attenpts by the ne eontrol l ey 20 are
bl ocked. ™ 5h enable is clea £ L mgnory control | er
20 is pro fr f'qrrm+--- refresh to t K53:32.. | pr.ojer..operation
Wl rest Referring new juje 18, an .
i |l ustrat her.gt.i vie. . . pr ot ocol i deo byffer 35 is
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menory controller 20 asserts RAS-, the video buffer 35 asserts t%aegeVéé?\?-

32 signal. The nenory controller 20 wll then deassert the
*RAS- and will wait until VBSY- is deasserted before trying again. If
the video buffer 35 needs to performa refresh cycle when the nmenory
controller 20 is already performng a menory or register 1/0 cycle,
VBSY- will be asserted and held. The nenory 5 controller 20 wi Il preenpt
its menory cycle with-in nine clock cycles. Wen the nmenory controller
20 deasserts RAS-, the video buffer 35 will performthe refresh

cycle. VBSY- is deasserted when the refresh operation is conpleted.
Note that if RAS- is not asserted, VBSY- will remain tristated throughout

t he ref,regshy cycle. 10 Referring now to Figure 19,
the pgpt pqol jsugpprts video buffer 35 5
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rel oad cycles to VRAMs 34 as needed to keep the VRAM shift regi st eragel 8¥2ded

properly. Wien the video buffer 35 is performng a reload cycle and the
*menory controller 20 asserts RAS-, the video buffer 35 asserts the VBSY-

pin. 15 The nenory controller 20 will then deassert the RAS- and will

wait until the " VBSY- is deasserted before trying again. If the video
buffer 35 needs to perform a reload cycle when the nmenory controller
20 is already perform ng a nenory cycle, VBSY- will be asserted and
hel d. The menory controller 20 will preenpt its menory cycle-within

el even cl ock cycles. Wen the nenory controller 20 20 deasserts the
RAS-, the video buffer 35 will performthe reload cycle. VBSY- is
deassest d§ wh el oa operation is gom fet éd. 2] @A D. Menory
i t 24 DSI MM
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The nenory bus can have two RAS |ines per SIMM 30, two CAS Iinesmig$§
CME*, and 11 bits of address. The DSI MW 72 .are doubl e sided, usin& éB
DRAMs, and are spaced 300 mls apart. There are presently two variants of
DSI MVs 72: a 16 negabyte version using 1Mox4 DRAMs 74 and a 64 megabyte 5
version using 4Mox4 DRAMs. Each DSIMM 72 contains a buffer 75 to distribute
the RAS-, CASO-, CAS1-, WE-, and A<0-11> signals to the DRAMs 74. The
present menory: system i npl enentati on uses 80 nanosecond DRAMs 74 to
achi eve 100 nanosecond data access tine from RAS- generation. The nenory
controller 20 supports the follow ng densities of DRAMs 74 on DSIMWs 72: 10

RAM Density # of Rans Capacity Type 1Mbi t
(256Kx4) s 4 MByte Erc:c DRAM 15 = 4Mbit

A : % 16 MYt ew ] [ECE DifaM &0 t (4MK4)
36 e | ECC DRAM N DO
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Al though the present nenory bus architecture supports two RAS 20 lines
per SRV position, in the present inplenentation the RASO andpkgeSio/22
'signals on the sockets for all SIMw 30 are tied together on the

mot her boar d, .~ and the OE- is tied to ground on the DSI MM 72. Because

t he present architecture is arranged in full datapath w dth
arrangenents, DSIMVs 72 can . be individually added one at a tine, each
DSI MM 72 having 144 bits of data and 25 is double sided, using 36 DRAMs
per DSI MW 72. 2. VSI W The present._

I mpl enentation of a VSIMM 32 contains thirty-two 30 VRAMs 34, a video
buffer 35, and a display interface 36. The video buffer 35 buffers

RAS-, CAS-, WE-, the addr
CBW are used as ECC bi®&

byts, ADRRI 11: @l, and the CBW [15:0].
EDEMVB gd, | angjap byte wite enables in the
LI IO TN IR - I --.-‘ o ofle e.0 0 00 0 e
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VSEMVE 32. The video buffer 35 al so provi des refresh and rel gad c]b?rlggitry

for * the VRAMs 34 on that VSI MM 32. The display interfacd288 i des
“facility to mul tiplex the serial shift data fromthe VRAMs 34 and send
the nultiplexed 5 data to a digital-to-analog converter (not shown) to
forma red, green, and blue (RGB) output signal for the display
noni tor's col or gun. The menory control l er 20 supports
the follow ng densities of VRAMs on VSI MV 32: 10 RAM
Density # of Rans Capacity Type 2Mbi t _—
(128Kx8) 16 2 MByte 128b VRAM 15 1Mit
(256Kx4) 32 4 MByte 128b VRAM 2Moi t
(256Kx8) 32 8 MByte 256b VRAM 4Mbi t
(256Kx16 16/;32 8/ 16 MByte 256b VRAM 4Mbi t
(512Kx3 32 16 MByte 254b YRAM| 20
In th&|pré¢sent irpledentation of the mens bus,| therelare|two
versi onsy. f-ot-he-'\Sl-IVM-FQ-.---There is a fourlgepabytefver.gi.on Msing, 256Kx4
VRAMs 34} [ang an lei ght {nmegabyte version usilng 296K48 VRAMs. [he pigsent
I npl eﬁﬁt i gn udes 80|nanosecond VRAMs 8¢—tp prlovilde flor 100 nan@econd
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25 data access tines follow ng generation of RAS- by nmenory confrefi2{22 20

3. * NWSIMVM 30 a. Ti m ng Adj ustnent Between NVSI MM and Menory
*Controller 35

Since | ow power SRAMs 84 may be used in an NVSIMM 82, and - al so because
the nenory control'l er 20 operates at a faster speed with DRAM SI MvB,
there nmust be some tim ng adjustnent between the nmenory controller 20
and NVSI MM 82 for proper read and wite operations. Wth 5 reference to

Fi gures 20a and 20b, at the begi nning of each operation, whether it- is
aread or wite, the menory controller 20 will be instructed to relinquish
t he NVSI MM when NVSI MM 82 asserts the VBSY- signal active low This
feature provides nore clock cycles to NVSIMM 82 to conplete its
operation properly. BSY; sjgnaj isysynchronously asserted one clock
cycle after a first RQ'SE y L

-

14

Ly

C COMPLETES CURRENT TRANSACTI

PROGRESS,
FIG. 15

.........

'IbCOL (VBCCYCLEIN

VBUSY_PRO
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10
the-first CAS- signal .
*cycle, VBSY- is asserted

by NVSI MM and deasserted one

data will be |latched by the nenory
‘retry CAS- in a read operation,
b. NVSI MM I nterface Timng
all outputs fromthe NVSIMM 82, are 20
MCLK except SIRQ (battery fail).
the NVSIMM 82: wite, read, read-nodify
refresh cycle, no operation is done on

contro

as shown in 15

NVSI MM 82, and it is deasserted one clock cycle after the Rameoi3i220f
During the second cycle which is the retry
two clock cycles after the assertion of RAS-
clock cycle after

RAS- is released. The

|ler 20 at the rising edge of
Fi gure 20a. "
NVSI MM 82 operation, and

synchronous to the rising-edge of

There are

-wite,
the VS

four npdes of access to
and refresh. During a
| MM 82. For both read

and wite opergtipns, [the NSI MVI82 g4ss¢rt$ VBBY- one cycle after
assertion of - qigrjal . Eff at the rexq cllock|cycle no CAS- is asserted,
as 25  nmentionedygboqe thgn NVSEMr 427 1| s it b "alwr it € "operati on. VBSY- is
deasserted (hi dne jcycl ¢ [aftef degdssqrtijon ¢f retry RAS-.
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As_presently preferred, NVSI MM 82 can support either 8 byte or 16_b ti/f’ 9
_transaction sizes, which is determ ned by CASO- and CAS1-. NVSI mF {3
.'go to a wait |oop node and ignores any refresh cycles, if a refresh cycle

IS detected before assertion of retry RAS- signal. NVSIMM 82 proceeds
the cycle 5 after the refresh is done. In the present enbodinent, it
takes 14 cl ock cycl es, “including precharge, for NVSIMM 82 tq perform
the read operation (Figure 20a). Simlarly, in the present enbodi nent
it takes 16 clock cycles, including precharge, for NVSIMM 82 to
performthe wite operation, shown in Figure 20b. There will be extra
cycles if refresh occurs between first RAS- and retry 10 RAS-. There
will be extra cyclesyif re h ogcurs between first RAS- and retry

RAS- . < I ,do not require refresh cycle, and
NVSI MM 82 wi | | [ I c] associated. with refresh during

.idle node, read or

(SIRQ) on the ner® prt] the status of its battery 88.

The val ue of this N prrofther 00 registers in a
controller on the h .cahn. .access.this register and
verify the status gft VSI (VM 82 may be equipped with its

P) | 20 eeannes The foregoing
Egrpted data and vi deo menory.
ficlat’i ons  may be

It is contenplated
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made by one of ordinary skill in the art, to the device conponenteagants/22
arrangenents of elenents of the present invention w thout departing from
the 25 spirit and scope of the invention. '

37 - 38 -

CLAIMS 1. A conputer bus structure, said conmputer bus structure
conprising the elements of: ° " a processor bus, said processor bus
coupled to at |east one processor; and a nenory bus coupled to said
processor bus, said nenory bus conpri sing, a plurality of .address

| i nes; a plurality of data |ines; a plurality of contro

i nes; a plurality of nenory nodul e connectors, each of said nenory

modul e connectors coupled to said address
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data, and control I|ines; at | east one data nmenory nodul e coupled to
one'of said nenory nodul e connectors, said data nenory nodul e storing data;
"at | east one video data nenory nodul e coupled to one of said nenory nodul e
connectors; said video data nenory nodul e storing video data; and a
menory controller, said nmenmory controller coupling said nenory bus to said
processor bus, said nenory controller recelvung menory requests over said
processor bus,and transmtting said Epngry r uest sai d data nenory
modul e and sai d video data negror @ no o&er s 3%9%Sry bus, said nenory
controller receiving registergl/t@re ueg}s oVEr %goqqssor bus and
transmtting said register z)rEque ;.to;saa,-,d ml

over said nenory bus. 2. The conput er...bus strugture as clalned in

claim 1l wherein said data nen
nodul e having a plurality-of-
3. The conputer bus strucg
data menory nodul e conpri$€s H”

evi ces (DRAMs) .
ein said video
havi ng a
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- 39 - access nenory devices (VRAMs). 4. The bus structure as
defined by claim1, wherein said video data nmenory nodule is further
“coupled to a video display device, such that video data stored i Ragejld/22
video menory nodule is directly provided to said video display device. 5.
The bus structure as defined by claim4, wherein said control signals
includes a plurality of check bit wite signals (CBW) for transferring
wite enable signals to a plurality of video nmenory devices di sposed on

sai d video nenory nodul e. 6. The bus structure as defined by.claimb5,
wherein said wite enable signals are valid when said CBW are in a | ogical
| ow st ate. 7. The bus structure as defined by claim5, wherein said

CBW transfer a predetermned error correction code to a plurality of
memory devi ces di sposed on said data nenory nodul e.

° -
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8. The bus structure as defined by claim7 wherein said nenory devices

di sposed in said data nenory nodul e conpri se dynam ¢ RAM ( DRAM . 9.

* The bus structure as defined by claim7 wherein said data nmenory nodul e and
sai d video nenory nodul’e have a data path width equal to a data path wi dth

of said nenory bus. 10. The bus structure as defined by claim?9

wherein said data path widfh of said data nmenory nodul e and sai d video

menory nodule is 144 bits w de. - 40 -

11. The bds structure as defined by claim9 wherein said nenory-bus

operates at a frequency substantially equal to 20 MHz.
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12.. The bus structure as defined by claim9 wherein a plurali tagef19/22
processor §66ir@3tolud miego said processor bus. 13 The bus structure as
" defined by claim 12 wherein said nmenory bus control signals conprise a VBSY
Si %;pal for indicating refresh cycles for said video nenory devices, RAS and
CASUSIHIINSOPIIE! 8 8CF!Hhg sai d- nenory devices, Wite Enable signals for
indicating a wite transfer, and I OSEL signals for accessing a register
address space of said nmenory bus neans. 14. The bus structure as
defined by claim13 wherein said VBSY signal decouples said nenory’
controller nmeans fromsaid video nenory nodul e when said video nenory
devices require refresh or rel oading. 15. A nethod for integrating
data nenory and video nmenory access requests in a conputer system said
conrput er system conprising a processor bus having at | east one processor
and a nmenory bus coupled to said processor bus through a nenory controller,
- said nethod conprising the steps of: coupling at |east one data
‘memory modul e angrHor ¢3AINCBESY ISATEVEANMIEBAL yfngal d_merory. bus,
sensing a nenory access request in sard nmenory controller sent by a
processor over spIiNd processorDPBGRIPFAON access request sent over said
processor bus using a first protocol;

D<0- 127> Data Bits
A<O- 11> Address Bits
CBW«<0-7> Check Bit Write Enables/data bus to on board
devices used in Video Simm.
_ CBW<8-15> Check Bit Write Enables
H CAS<0-1>* Column Address Strobes -
. RAS<0-1>* Row Address Strobes
' VBSY* Video Frame Buffer Busy Signal - indicates that
frame buffer is busy doing refresh or reload
operations.
SIRQ* Indicates that the battery on the NVSIMM is low.
VIRQ* _ Video Interrupt
WE* Write Enable
MRST* Reset Signal
MCLK MBus Clock - Sent to the video buffer
IOSEL* Differentiates betwen memory address space
and /O address space
ROE* Currently used by VSIMM to generate DTOE

signals. OE* on the DSIMMSs is tied to Ground.
VIDEO OUTPUT - (Control signals for VSIMM only)

PIN DESCRIPTION
10B_0,1 Blue DAC output
- 10BB_0.1 - Blue DAC return .
L) 10G_0,1 Green DAC output
- 10GB_0,1 Green DAC return.
IOR_0,1 Red DAC output
IORB_0,1 Red DAC return
SNS<0-2> UART bus
SYNC_0,1* Sync signal

DACCLK_0,1 Clock input for DAC
SERIAL WRITE Serial write signal to monitor
SERIAL READ  Serial read signal to monitor

* = active low

FIG. 22



- 'bus and -

transl ating sai d nenory access request received over said processor bus
usimng said nenory controller into a nmenory access request for said nenory

41 - transnmitting :vagdmzmry
access request over said nenory bus using a second protocol;

sai d menory access request over said processor bus is targeted for sald

data menory nodul e, said menory control |l er accessing said data menory

nodul e according to said nenory access request received over said processor °
bus; if said menory access request over said processor bus-is
targeted for said video nenory nodul e, said nenory controller accessing

said video nenory nodul e according to said nmenory access request received
over said processor bus. sensing a register 1/0O access request in
sai*d nenory controller sent]by a processor over jsaid processor bus, said
Sefbbe B 5 alindt § o MY S ST - g I
gver sai d proc Sot= ' 1%§%td rregrgmryB " DMES
_ D< 34> | D< 34>
D< 3> D«< 3> D« 35> < 35> :
D< 4> D< 4> D< 36> D< 36>
D< 5> D< 5> D< 37> D< 37>
D< 6> D< 6> D< 38> D< 38>
D< 7> D< 7> D< 39> D< 39>
D 8> D< 8> D< 40> __D< 40>
) D< 9> D< 9> D< 41> D< 41>
i D< 10> D< 10> D< 42> D< 42>
. D< 11> D< 11> D< 43> D< 43>
D< 12> D< 12> D< 44> " D< 44>
D< 13> | D< 13> - D< 45> D< 45>
D< 14> D< 14> D< 46> _D< 46>
D< 15> D< 15> D< 47> D< 47>
_D< 16> D< 16> D< 48> D< 48>
: D< 17> D< 49> | D< 49>
D< 18> D< 18> D< 50> D< 50>
D< 19> | D< 19> D< 51> D< 51>
| D< 20> D< 52> D< 52>
D< 21> D< 21> D< 53> D< 53> »
D< 22> D« 22> D« 54> _D< 54>
D« 23> D< 556> |
D< 24> D< 24> D< 56> D< 56>
__ _D< 25> D< 25> D< 57> D< 57>
- _D«g 2 D« 26> D< 58> D< 58>
- D< 27> D< 27> J0301 D< 59> D< 59>
] _D< 28> D« 28> D< 60> D<60>
D< 29> D< 61> D< 61>
D< 30> D< 30> D< 62> D< 62>
D< 31> D< 31> C D< 63> D< 63>
"CBW< 0> CBW< 0> CBW< 4> CBW< &>
CBW< 1> cBw<1> () CBW<5> CBW< 5>
_CBW< 2> CBW< 2> PJ CBW< 6> CBW< 6>
CBW< 3> CBW< 3> CBW< 7> CBW< 7>
ROE* () ROE* N BuUsY* *
VIRQ* ] VIRQ* SIRQ* SIRQ*
RASIF RASI* 2 RASo* RASO*
CAS1* CAS1* O CASO* CASQ*
A< 1> A< 1> A< 0> A< 0>
A<3> A<3> 0 A<z A<2>
A< 5> A< 5> A< 4> A< 4>

FIG. 23a
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controller into a register 1/0 access request for said nenory bus and
-transmtting said register 1/0O access request over said nmenmory bus @ﬁg@guizz
-sai d second protocol; 16. The method as clained in claim

further conprising t he st eps of: coupling a video display device to
sai d video nenory nodul e; transferring video data from said video
menory nodule to said video ‘di spl ay devi ce. 17. The net hod as cl ai ned
in claim15 wherein said second protocol conprises the step of transferring
a plurality of check bit wite signals (CBW) to video nmenory devices

di sposed in said video nenory nodul e, .each CBW indicating a wite enable
for one of said video nenory devi ces. - 42

- 18. The method as clainmed in claim17, wherein said second protocol
further  conprises the step of stransferring said CBW to data nenory
devi ces di sposedyd fs A< 7> /\/ A<t A< 6>
A< 9> A< 9> A< 8> A< 8>
A<11> A<11> A< 10> A< 10>
MEMRESET* MEMRESET* WE* |~ WE*
IOSEL* - 8 IOSEL* MCLK M~ MCLK
D< 64> D< 64> D< 96> D< 96>
D< 65> D< 65> D< 97> — D< 97>
D< 66> D< 66> D< 98> D< 98>
D< 67> D< 67> D< 99> D< 99>
- D< 68> D< 68> D< 100> | D< 100>
- D< 69> D< 69> D< 101> D< 101>
D< 70> D< 70> D< 102> D< 102>
D< 71> D< 71> D< 103> D< 103>
D< 72> D< 72> D< 104> D< 104>
D< 73> D< 783> D< 105> D< 105>
D< 74> D< 74> D< 106> _D< 106>
D< 75> D< 75> D<.107> D< 107>
D< 76> D< 76> D< 108> D< 108>
D< 77> D< 77> D< 109> D< 109>
D< 78> D< 78> D<110>| = D< 110>
D< 79> D< 79> D< 111> D< 111>
D< 80> D< 80> D< 112> D< 112>
D< 81> D« 81> D< 113>
D< 82> D< 82> D< 114> D< 114>
D< 83> D< 83> D< 115> D< 116>
D< 84> D< 84> D< 116> D< 116>
) D< 85> D< 85> D< 117> D< 117>
) D< 86> D< 86> D< 118> D< 118>
~ D< 87> D< 87> D< 119> D< 119>
D< 88> D< 88> . D< 120> D< 120>
D< 89> D< 89> D< 121> D< 121>
D< 90> D< 90> D< 122> |
D< 91> D< 91> D< 123> D< 123>
D< 92> D< 92> D< 124> D< 124>
D< 93> D< 93> D< 125>
D< 91> D< 91> D< 126> D< 126>
D< 92> D< 92> D< 127> D< 127>
CBW< 8> CBW< 8> CBW< 12> CBW< 12>
CBW< 9> CBW< 9> CBW< 13> CBW< 13>
CBW< 10> CBW< 10> CBW< 14> CBW< 14>
LCBW< 11> | CBW< 11> CBW<15>|  CBW< 15>
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said data nenory nodule, said CBW indicating a predeterm ned error
correction code. 19. The nethod as clainmed in claim18, wherein said
second protocol  further conprises the step of transferrifgse 22/22
address signals for accessing said data nenory nodul e and said video nenory
nodul e, a VBSY signal for indicating refresh cycles for said video nenory
devi ces, RAS and CAS signals for selecting said nenory devices, Wite
Enabl e signals for indicating a wite transfer over said nenory bus, and

| OSEL signals for accessing a regi ster address space of said nenory-bus.

20. The method as clainmed in claim19 wherein said VBSY signal causes
sai d access request over said nenory bus to termnate and said access
request over said nmenory bus is subsequently retried.

Pin Numbering --
base +1 +2 43 44 +5 467 +7 48
0 GND GND DO D7 D1 D6 D2 D5
7 8 D3 D4 D32 D39 D33 D38 D34 D37
e 16 VCC VCC D35 D36 D8 Di5 D9 Dl
K 24 DI0 D13 DIl Di2 D40 D47 - D4l D46
32 GND GND D42 D45 D43 D44 D6 D23
40 DI7 D22 DI8 D21 D19 D20 D48 D55
48 VCC VCC D49 D54 DsO D33 D51 D52
56 D24 D31 D25 D30 D26 D29 D27 D28
64 GND GND D56 D63 D57 D62 D358 D6l
7 D59 D60 CBWO CBW7 CBW! CBW6 (CBW2 CBWS
80 VCC VCC CBW3 CBW4 -CASO -CAS! -RASO -RASI
88 -ROE -BUSY -VIRQ BaFail A0 Al A A3
96 Ad A5 GND GND GND GND A6 A7
104 A8 A9 Al0 ~ All -MRST -WE -IOSEL MCLX
112 GND GND GND GND CBWS CBWISVCC VCC
120 CBW9 CBWI14 CBWI0 CBWI3 CBWI1 CBWI12D64 D71
128 D65 D70 D66 D69 D67 D68 GND GND
136 D96 D103 D97 D102 D98 Diol D% DIM0
144 D72 D79 D73 D8 D4 77 VCC VCC
152 D75 D7 Dio4 DIll D105 D110 D06 D109
160 DI07 DI08 D80 D37 D8l D8 GND GND
— 168 D82 D8 D83 D84 DIlI2 DII9 DU3 Dlls
) 176 Dil4 D17 D115 DIl6 D88 D95 VCC VCC
T 184 D89 D9 D90 D93 D91 D92 DI20 DI27
e 192 D121 D26 D122 DI25 D123 D124 GND GND
Video Output -
base +1 +2 +3 +4 +5 +6 +7 +8
0 VCC VCC VCC VCC IORO IOR_! IORB_0 JORB_}
8 - 10G_0 10G_1 1OGB_0 10GB_1 10B0 10B_1 IOBB_0 IOBB_l
16 GND GND GND GND SYNC_0°SYNC.I*GND GND
% SNS<0> NC  SNS<I> NC©  SNS<& NC  DacClk_0DacClk_1
32 VCC VCC VCC  VCC

FIG. 24
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" ABSTRACT

BUS ARCHTTECTURE FOR INTEGRATED DATA
~ AND VIDEO MEMORY

A bus architecture and protocol for integrated data and video memory..
A high speed dedicated memory bus is coupled to a memory controller. The

memory controller is in turn coupled to a multiple processor bus

~ interconnecting one or more processors. Single in-line memory modules

(SIMMs) incorporating dynamic random access memory (DRAM), video RAM
(VRA\!) and static nonvolatile RAM (SRAM) are coupled to the memory bus.
Bus control sxgnak forming a bus protocol, and address and data lines from the
memory controller are shared by all memory modules operating on the
memory bus. Certain control signals invoke specific operations on memory
modules or are ignored, depending on the type of memory module receiving
the control signai. The memory modules incorporate the consistent protocol
by virtue of a consistent control signal pin out. The SIMMs further incorporate

buffering and conversion functions, thereby relieving the memory controller

-of service overhead associated with these functions. Integrating all forms of

memory into a single data and video memory architecture permits a highly

functional dedicated memory bus to be connected to the compiuter system. .

Figure 1
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