CLRCUT.. FOR HANDLING DI STRIBUTED ARBITRATION IN A

PUTER SYSTEM HAVI NG MULTI PLE ARBI TERS The invention
realates to bus arbitration in a conputer system and nore particularly to a
5 distri-bited arbitration scheme in a copputer- system having nultiple
peri pheral arbiters. PerTor mance i nprovenments in

mi cr oprocessor and CPROUYT nﬁAme@snts'ﬁ@taUm ARBITRATION SBy A
powerful that they g QUH %@ﬁl}*‘}@ before could
only be 10 per for rreg g iarge mal marreécorrpﬁ?érhg echnol ogi cal change

has been especially smnft in the area of portable conputers, where
power consunption efficiency is bal anced agai nst features, cost, size,
wei ght and perfornmance, Such bal anci ng can be particularly chall enging

si nce many conput eruses desire the portable conmputer to provide

not hing | ess than what a desktop unit can provide. In this
specification, the term"portable conputers” is used broadly to denote the
class 15 of conputers powered by battery or solar power. Those famliar

wi th portable computers wll recogni ze ot her | abels such as: |uggabl e,

| apt op, not ebodke Hentionaltes tp busrasbitration i g somputer system, and more partiedadysio a

mar ke 3 stk bR Al Ol sl B LR BRSO T -,
designer. Wile sinply designing around t he hi ghest perfornmance

processor available will go a |long way towards providing a high 20
performance product, it is not enough in today's nmarket. The processor nust
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recognize other labels such as: luggable, laptop, notebook and handheld. These categorizations
are used to designate certain marketing segments of the larger portable computer market.

‘Many options are available to the computer system designer. While simply designing
around the highest performance processor available will go a long way towards providing a high

20 performance product, it is not enough in today's market. The processor must be supported by
high performance components and a high performance I/O (input/output) bus. Several
standardized 1/O buses are available to the system designer including: ISA (Industry Standard
Archiitecture);, EISA (Extended Industry Standard Architecture); and PCI (Peripheral Component
Interface). Today's computers are typically designed with some combination of the three to

25 provide the user with the performance of PCI and backward compatibility to ISA or EISA. These
three buses are familiar to those skilled in the art.

Design choices also involve certain special features of the computer that distinguish one
manufacturer's computer from a competitor's. In the portable computer market this is especially
challenging since added features can result in increased size and weight. For example, software

30 canrequire large amounts of storage, and a high capacity hard disk drive is often necessary. High



-2--,4 + capacity disk drives, however, are usually much |arger and
-hegvf-er~than desirable for a portable conputer. It is also desirable
to have the ability to add functionality to the portable conputer.

Typi cal expansi on bays, though, can commhom se a systenis size advantages.
One known net hod of providing extra features w thout negatively inpacting
size and - ' | vk HaUdPert LA |
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Suppor ¥ NQrive Ghd SMet peRidferakOr exanpl e, nost di sk controllers,
particularly Small %uter SystemInterface (SCSI) controllers, and
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d d t he host . 20 imlarly, vid hi b d ft
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act as bus nmsters, . ow ng themto transfer data at
possi bl e rbused andSAdus,pithertnis atight be usetstoeoandchitd the expansion base ubitlU/Fon highest

menory, subsystem a | -.| SA.br.i.dge. The PCl-1SA bridge is the neans by
whi ch @ﬁﬁgﬁ%@ﬁe’gﬁ?%&‘f %W%P&%ess (EDMA) control ter and | SA bus
masters can gaithe?BCI 86 Ra§ defigred Yo Have RUSigh throughput and t@%ﬁé%a&;%%fm
nunber of devices potentially vying to beconme bus nasters, an arbitration
scheme i s in¢reasinge dumtiireoftlokal sprecdsiars supponting 3O fvictibesy Forvexampledmiost disk
al gorithmfor the . bitration: it,only requir hat a.PCl bus naster
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requesting nmaster can gain control o e bus. Nunerous arbitration schemes
have ba@n Smdatly, nideo graphics boands ofien inglude yntelligant graphids atestesatarssitalipwdighent er
syst ens. . e ch .arbitrati on sche | s de ibed in commnly
avsi gned Ul Tagtion tranfer. Tymically these deyiges ncarporate thepApaRit: 18 Acas s Fsteg,
G rcui try gliewitgthemBtRWSer &itd 8 thé highdst Possiblevatesh Other potential bus masters include
the CPU/main memory subsystem and a PCI-ISA bridge. The PCI-ISA bridge is the means by
which an enhanced direct memory access (EDMA) controller and ISA bus masters can gain

25 access to the PCI bus.

Because of the number of devices potentially vying to become bus masters, an arbitration
scheme is required. The PCI specification does not lay down a model algorithm for the
arbitration; it only requires that a PCI bus master must activate the REQ* signal to indicate a
request for the PCI bus, and the arbitration logic must activate the GNT* signal so that the

30 requesting master can gain control of the bus. Numerous arbitration schemes have been used in
or proposed for typical stand-alone desktop computer systems.

One such arbitration scheme is described in commonly assigned U.S. Patent No.
5,471,590 entitled “Bus Master Arbitration Circuitry Having Improved Prioritization,” which is

-
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~ambfter—for the PCl bus which mnimzes thrashing on a bus due to a
rétry generated by a target device. According to the PC st andard,
respondi ng target devices may abort a cygle by generating a retry to the
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car de13 ' Sl of odsnd PSR, siciites CBnfin mmORERIbR e pad FBCIISK e, O U,
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access to f
25 (LRU) arbitration scheme. Further, the data portion of the ISA bus has an arbiter for handling

requests from the EDMA controller, the refresh controller, the DMA controller, one of the PCI

masters in a PCI-to-ISA cycle, and one of the ISA bus masters. The priority of the ISA bus
masters is arbitrated through a plurality of channels in the DMA controller. The arbiter in the
DMA controller also includes logic that performs an alternating priority scheme based on the type
30 ofrequestor for the ISA bus. The reference discloses two requestor types: a first type including
the DMA controller and ISA bus masters, and a second type including the other devices, i.e., the
EDMA controller, the refresh controller, and the PCI bus masters. Once the first requestor type
(DMA controller or ISA bus master) gains control of the ISA bus, it loses access to the ISA bus



-4-. in the next arbitration cycle. This forces the DVA controller or

| SA bus masters to give up the | SA bus in the next arbitration cycle.
The aforementioned arbitration schenes provide effective arbitration in
st and- al one computer systenms. Diffigulties arise, however, when a

portabl e conputer containing arbitration 5 circuitry is connected via an
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arbitration circuitry for arbitrating 15 requests for the PCl bus from
potential PCl and | SA bus masters. Atop level arbiter is

i ncluded in the |l aptop portion of the conputer system and that top

| evel arbiter essentially controls whether the PCl arbiter in the | aptop or

the PCl arbite® Fompuer system acqosding & theapresanh invantiansincludes; multiple arbigers for
Eith Cl ' - . | bi.t e
pef or & ¢ etfraidicclih o ikl oebuft it hd HtRS ohBRaimen, 5 BUPPWER, o
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PCl arbiter, basicall yégg atine i.pl exed basis. \Wen_the expansion

I
base and FRARKP ecmmMiAr aﬁ@ﬂﬂﬁﬁlbﬁé&%ﬁ thygugiey ghared PCI byisp In additiongeys
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arbiter reques us access using a request signa evel
arbiter, oomplidntl/Q dugrasrivelll ab separate and dintintthBCI arbitrationl cimuiiyt for arbitragngn
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b biter. .Thus, [ t I bi 0 det 1) whet h th
aptop PCPERHoR Basedias ardsein b T, Hiber bt arblerinaist reteive s st 565 the S0 g
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20 selects between the laptop PCI arbiter and the expansion base PCI arbiter, basically on a time

multiplexed basis. When the expansion base and laptop computer are undocked, the top level

O

atbiter always grants bus access to the laptop PCI arbiter. .

The laptop PCI arbiter requests bus access using a laptop request signal to the top level

arbiter, and then is granted bus access by the top level arbiter using a laptop grant signal. These

25 signals are self-contained within the laptop computer. The expansion base PCI arbiter similarly
sends and receives expansion request and grant signals, which are communicated between the
laptop computer and expansion base. These are the only two signals the top level arbiter uses to
communicate with the expansion base arbiter. Thus, using a top level arbiter to determine
whether the laptop PCI arbiter or the expansion base PCI arbiter has access to a shared PCI bus

30 allows the use of fewer pins in the connection between the laptop unit and the expansion unit.



-5- . A better understanding of the present invention can be

obt ai ned when the follow ng detail ed description of the preferred
ehbodi nent is considered in conjuction with the follow ng drawi ngs, in
which: 5 Figure 1 is a block diagramof an exenpl ary conputer
systemincluding arbitration |ogic according to the present invention;
Figure 2 is a block diagramof arbitration |ogic according to the present

i nvention, the | ogi ¢ being i ncérporat ed within a PCl-1SA bridge of the
conmput er system of Figure 1; Figure 3 is a flowhart depicting

arbitration hierarchy according to the preferred 10 exbodi nent;

Figure 4,i bl aqck, di.agr detailing the top level distributed arbiter
PDARB of Apﬁﬁ?ﬁf&n%emémg & present m%enﬂon,:;ag o vhenzthe follewinge f or
Clet ggiloh deseiphbt i i phifSrr&adrnd Rkl 6578 et Btk ion oDl OBl e, PO
bus; 15 ggu e 61s a sc EITB‘.?I C cﬁm}gg{ém %‘i"é‘ﬁg@%ﬁ%‘?’&a W th
t hedmwidngs, imwhichte of Figure 5; Figure 7 is a schematic di agram
gf t he dj ide-by-%g&ir,cuit of Figure 4, igure 8 is a detailed

F

cherat | E8HFebIARlesk dingragy of pan exempleryqanpuiersystom intlading asbitration logic

Fi It @‘% é |- emati ¢ di agram of the power managenent tiner and
| ogi'Cc E}ﬁeﬁéﬁﬂx%ﬁiﬁg 4; and 20 Figure 10 is a schematic diagram
of the aFigureD i dlifodiotiadrail cTalibitidH Rigicscording to the present invekitn! e/ O N9
di scl] osures are hereby incorporated by Teference: S
Apﬂaﬁ%hmm@uppwm&mwmwﬁm conpuibtiSysShet IFERigureR 1 SHADOW NG 25
REA STER.. b i ghg D.. Ril.ey and vigd J.. Magquire, filed concurrently

her ewi t h? igurd PHY hW?!!a& dﬁm&ﬁm@m accoring 4o A9e preferted| e
I" L%WY | NTERRUPT HANCLI NG AND ‘I NPUT/ QUTPUT WRI TE POSTI NG " by
gaw . guire and Janmes K Edwards, filed concurrently hereith;

U. S. AppFigusé 4 dye Block diagiden daiififiBthe 1P leveldiétiibeed 2t B ARIPo FOR
SHA| NG REA STER," by David J. Maguire and Hung Q Le, filed Concurrently
her &#P4 A; U S. Application Serial No. 08/684,584, entitled "APPARATUS

AND VETHRLEER is a st Fibchtalol cBbRg AT oV pLETER NoAPRF 5o OV A
conitrol of the PCI bus;
15 Fignre 6 is a schematic diagram of logic associated with the state machine of Figure 5;
Figure 7 is a schematic diagram of the divide-by-8 circuit of Figure 4;
Figure 8 is a detailed schematic diagram of the grant timer circuitry of Figure 4;
Figure 9 is a detailed schematic diagram of the power management timer and logic block
of Figure 4; and
10 Fagure 10 is a schematic diagram of the arbiter idle logic block of Figure 4.

The following disclosures are hereby incorporated by reference:
U.S. Application Serial No. 08/634,486, entitled “BUS SYSTEM FOR SHADOWING
5 REGISTERS,” by Dwight D. Riley and David J. Maguire, filed concurrently herewith;

U.S. Application Serial No. 08/684,485, entitled “LONG LATENCY INTERRUPT
HANDLING AND INPUT/OUTPUT WRITE POSTING,” by David J. Maguire and James R
Edwards, filed concurrently herewith; _

U.S. Application Serial No. 08/684,710, entitled “SERIAL BUS SYSTEM FOR

0 SHADOWING REGISTERS,” by David J. Maguire and Hung Q. Le, filed concurrently herewith;
- U.S. Application: Serial No, 08/684,584, entitled “APPARATUS AND METHOD FOR
POSITIVELY AND SUBTRACTIVELY DECODING ADDRESSES ON A BUS,” by



G egery N. Santos, David J. Maguire, Dwight D. Riley, and Janes R
Edwards, filed concurrently herew th; U S. Application
Serial No. 08/671,316, entitled "TWO | SA BUS CONCEPT, " by G egory N.
Santos, David J. Maguire, Dwight D. Riley, and Janes R Edwards, filed 5
concurrently herew th; U S. Application Serial No. 08/ 684, 490,
entitled "RECONFI GURABLE DUAL MASTER | DE | NTERFACE, " by Gregory N. Sant os,
David J. Maguire, WIlliam C. Hall ofel | and James R Edwards, filed
concurrently herwi th; and U S. Application Serial No.

08/ Gmgorg . diantos] DavidCOVMEEirteSYBHEM 1N RiléyORR RadisNS, AND
UNDQCKI NG PA’PABI | TIES W THOUT REQUI RI NG A STANDBY "OR SUSPEND MODE, " by
Ri c ; vid J. Maguire, James R Edwards and David J.

Delisle, gf¢! it R ol ' wi. to th

ass: Sngeug#' ﬁﬁ?@ﬁpﬁi\x‘/gletﬂ%ir\lm B?fé?‘i‘fst]@, eﬁggfigr rl ng%?é‘?%%#@ql byhe(r)e [ g

i | | Gragony &N. Sabtosc Davidadr Magirep ‘Ehumrme}@tﬁm JdmesURI 'E@v&d?s%tmdpresent
own

Lnvention. The conputer systemis s divided into a laptop portion L
?h 3p conputer L) and an expansion base unit portion E

oper at | oRer! {PHIGAREn Sea2 e, o8 Bte 49, CrontBYC BE LA BBk Buar
ex PREESTER POEINTERFACE My Greoi | St 30 Paddl p%&i WhLiA T %wc onput er

L is docked into the éxpansion base E, t he pt op conput oper at es
on ‘#tid $tnee R. Bdnardscfiled gorountentiy heewith; andhed from t he expansi on base E, the

2 S el S, R B S, bR ol
0] TROTRPRETNG T pACKNG REOPIG BRI, . .,

s paREQITIRING=A. STANDBY OR SUSPEND MEDEB: by RichfdSEBR, Wltl\dﬁg‘}’@, 100 is
proyi _d_e&i n the IQ&Et op, cogu_ter L which is a 25__ conventi onal

mi clegsdt-dwards ard Davidi ), Deligla; filed congurrently, herewith) albof whichtare assigned si ni | ar
pr ) . U .couples to a host bus 110 for comunicating with
Sygﬁ)ﬁ]éwgg%m%ok a cache nenory 102, a Mobil e Peripheral Conponent
i nt er conpefekrislt Bowas Mg, thirb 8¢ illustrated ¥tidck! fiferdantofR e{[\@ggt Dat a
Buffer§__(|\/DB)@{04. The cache rrerm‘ry 102 is a‘:'k conﬂ\?%ﬁ?ﬁngﬁta ache nenory

15 or wilixixigOhe preventinventionf Sheitomputarisystemlis shovapdieided jato arlagtop podton bur st
(s::taga [ c& ndom Access , nor, %p%%ggl he MPC 1Q§h§r Vi _dea an ggé%; ac:az ionéhe
vl BPUTHE BED dpiterT) fom GpBfhtionally abisHRthond BplAng Whiths AlrabllBiSRGHS 0Ty
the expansion base E for remote computing operations. While the laptop computer L is docked
into the expansion base E, the laptop computer L operates on AC power. When computer L is
0 detached from the expansion base E, the laptop computer L operates from battery power.
Mechanisms are also provided to operate the laptop computer from AC power while removed
from the expansion base E. The expansion base E typically provides expendability for fanctions
not inchaded in the laptop portion L due to space or power concermns.
A Central Processing Unit (CPU) 100 is provided in the laptop computer L which is 2
5 conventiopal microprocessor such as the Pentium™! from Intel Corporation or a similar
processor. The CPU 100 couples to a host bus 110 for communicating with system logic such
as a cache memory 102, a Mobile Peripheral Component interconmect bus cache controller
(MPC) 108 and pair of Mobile Data Buffers (MDB) 104. The cache memory 102 is a
conventional cache memory for the CPU 100 and preferably employs high speed synchronous
0 burst static Random Access Memory (RAM). The MPC 108 provides an interface to the cache
memory 102, and includes tag RAMS and other logic for creating various cache ways, size, and
speed conﬁgm;tions of the cache memory 102.




The MPC 108 and the MDB 104 are also coupled to a systemnenory 106 and a
peri pheral conponent interconnect (PCl) bus 112. One skilled in the art
weul d be famliar with the PCl bus or the PCl specification. The MPC
108 provi des address and control to systsm menory 106, which is
conprised of up to 256 MByte of conventional dynam c random access 5

menori es ( DRAMyhe M€ 1985nkiOthe MIDB! U926 ard zﬁé&@éﬂplé&%aaﬂg&éhﬁﬁérﬁﬁ?nw% dhpst
bus 110 and the system nmenory 106 and provides a 32-bit dafa path to
the PCl bperipheral cathponvrGnteo®naed (PCI) bus/bE2. 10ue $idlled in theat waild be familiss witta|
i nterf : he. i nt t ' f :
A ) g Rt P T F )
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handl i ng addr €ssi ng, comuand and c Each ot these iInterfaces
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> 1402,5 : In the laptop computer L, the PCI bus 112a further couples to a video graphics controller
114, a Cardbus interface 116 (particularly 116a) and a Mobile Integrated System Controller -

Laptop 118 (particularly MISC-L 118a). In the expansion base E, the PCI bus 112b further

couples to a second MISC 118 (MISC-E 118b), two PCI slots 148, and a second Cardbus

interface 116 (particularly 116b). The video graphics controller 114 further couples to a low

30 power liquid crystal display (LCD) 120 or alternatively a cathode ray tube (CRT) or any other

style monitor. The Cardbus interface 116 is provided for communicating with add-on cards 120

such as networking cards, modem cards, solid state storage cards and rotating storage cards
preferably of a Personal Computer Memory Card International Association (PCMCIA) style. The



an integrated drive electronics (IDE) hard drive interface for

comuni cating with hard drives 122. The M SC 118 is configurabl e based
on an input pin (LAP_EXT ) for use in both the | apt op conputer L, as
M SC-L 118a, and expansion base E, as M&C-E 118b. Thus, two MSC 5
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144 for sake of simplicity, but are physically communicated over separate lines.

The MISC 118 and the ISA buses 138 and 140 provide support for standard ISA
peripherals such as those combined in 2 Mobile Super Input/Output (MSIO) 124 peripheral. The
MSIO 124 peripheral has a combination of standard ISA peripherals, such as: a 146818
compatible real time clock (RTC), a floppy controller for interfacing to standard floppy drives

30 130; an 8051 compatible microcontroller for communicating with a standard keyboard 132 and ..

Dep

pointing device 150, for performing scanning and key code conversions on the keyboard 132, and
for performing power management finctions; a universal asynchronous receiver transmitter
(UART) for providing standard serial ports 136; and parallel port logic for a parallel port 134.

-



to the CPU 100, which is copied fromthe ROM 126 and shadowed in system
mgnory 106 upon systeminitialization so that thereafter the 8051

m crocontroll er may access the ROM 126. A 5 serial bus 152 is provided
for shadow ng registers containing infoguation relating to power '
managenent and hot docki ng. In the laptop conputer L, a nodem
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separately for edch access to the bus. busmaster 1s not a
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this reason, PClL, bur st , i,.ch represents a single acgcess in the
Sence 51 1gWEt ievearbiters For exaample, g 21RO fapton. Shimiets Ly oghe Prospgpn pase

cycl es. Hgumym Pﬂ%ﬁ§bﬁ&é&9h§g&ﬁ&$&xﬁr@%§9&ﬁiﬁ’&ﬁﬂe@&%£h@ﬁﬁg the transfer 30

bandwi dt h of the PCl bus because the arbitration s’ en" behind the
active bus. This neans that the arbitration is already being perforned
If the active bus access is still running. In this way, no PCl bus
cycles are required for arbitration, except when the bus is idle. A nore

detail ed TIRSBCI EiecHRatiin tblBdSitvaCdorirs! SpthlORe affitrAbnoTREQE RFGPPE and

basic arbitration signaling protocol

-10- 20 Eachpotgntia} bussensten hawits pyreuniquecsqyeshand grantisignelo whishtarg in@irgeptadcand Bus
SBel 1 by ROl i B B8R R roa RS e
must activate the REQ* signal to indicate a request for the PCI bus, and the arbitration logic must
activate the GNT* signal so that the requesting master can gain control of the bus. Only a single
GNT* signal may be asserted on any clock. The busmaster must then begin a bus transfer within
25 16 CLK cycles of an "idle" PCI bus.

PCI bus arbitration is performed separately for each access to the bus. A busmaster is not
allowed to hold up the PCI bus between two accesses (this may occur with EISA). For this
reason, a PCI burst, which represents a single access in the sense of bus arbitration, can extend
over any number of transfer cycles. However, this single arbitration does not impair the transfer

30 bandwidth of the PCI bus because the arbitration is “hidden” behind the active bus. This means
that the arbitration is already being performed if the active bus access is still running. In this
way, no PCI bus cycles are required for arbitration, except when the bus is idle. A more detailed
description ‘of the structure and operation of the PCI bus and basic arbitration signaling protocol

-



Revision 1.0, published Septenber 8, 1993, both by the PCl Special Interest

G pup, the contents of which are hereby incorporated by reference as
if they were fully set forth. 5 Referring now to Figure 2, a
bl ock diagramof arbitration |ogic accqiging to the present i nvention

is shown. As mentioned, the arbitration logic is incorporated within the
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purpose masters, the CPU 100, a distributed DMA master and an EDMA master, and one ISA
master. The PCIARB 204 in the MISC-E 188b arbitrates between five general purpose masters,
one EDMA master and one ISA master. The general purpose masters include the video controller

25 114, the Cardbus interface 116, and the MPC 108. The MPC 108 acts as a PCI master when the
CPU 100 is accessing the PCI bus 112, or as a PCI slave when a PCI device accesses system
memory 106. As mentioned, the PCIARB 204 implements a least-recently-used (LRU)

prioritization scheme.  All grants (except ISA) have minimum grant timers associated with them

that are configured via PCI configuration programming.

30 The SDARB 206 determines which devicé controls the SD/ ISA data bus 138 or 140. The -
SDARB 206 works in conjunction with the ISA bus arbiter 208 to determine which master
obtains control of the ISA data bus 138 or 140. Devices that can permissively control the SD bus
include PCI masters (for PCI-to-ISA cycles), a refresh controller (not shown), the EDMA



If the | SA data bus is not being requested, the SD arbiter "parks" PCH on
the bus. This mnimzes the latency for PCl to | SA cycles. The term
"park" means that the arbiter has 5 pernmi ssion to assert a GNT* signal to
a sel ected agent when no agent is currenq_y usi ng or requesting the
bus. In this manner, the bus is immediately available to the default
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MISCs. These signals are discussed in more detail in conjunction with Figure 4. In the preferred

25 embodiment, these are the only two pins the arbiters use to communicate.
The MISC 118 supports three arbiter modes which function as follows:

Master Mode - The MISC 118 responds to the PCI REQ* signal and is the master arbiter. The
master mode is the normal configuration for the MISC-L 118a. The internal LAP_REQ
and LAP_GNT signals are provided to and by the PDARB 200 in this mode. It is

30 contemplated that the MISC-E 118b can be programmed in master mode to provide
standalone expansion base support in future products.

Slave Mode - The MISC 118 responds to the PCI REQ* signal and passes requests to the master
arbiter. The slave mode is the normal configuration for the MISC-E 118b. The internal



idle-state is defined as a clock cycle during which both FRAME* and | RDY*

areg 5 deasserted. Wen the PCl bus 112 is idle, PDARB 200 activates
the M SC-L PCl ARB 204a allowing it to park the CPU 100 during
normal operation. Both the MSCL 118a _i3. and M SCG-E 118b can be

put into idle node during a hot docking sequence (hot docking

whi | & both ar c-ae-REQEIRAPTONT gialict FCLER d b BT RED BAEXE GRT Ui

node forces al WhmlﬁleMnSO/UISysitmlmamﬁeaH‘MePDAszoomodmlemldthm\bus to be
ked d

G ve or Medede SheMIBEtas dasnrct smmoantio e PECI REQH sinaindi Pell erminplonm e

Mbde, en . idle sfato s @dlinB i 'a®Uodid bRIERAHAS Whith bk FRAVIR“bhd ROV o/

the MBI O 124, ovm ng sequence .
The PD&RB 200 Msmdemmsh@%stlllﬁkﬂeammm al:hedtys @HMSGQLNIARBny

15 actiye request bot h the ster, a ve PCl ARB
arbiters 204; 204a allomngxttozpar the ﬁi’ﬁﬁ@ @Pﬁ“’@@%npﬁéié ¢ MS Qt;r H5§3| y

and are all owe IAISEO P st

3. The PCIA arblters % Gy §eputipto e"?"éi&flggt ag(r)ltd(mpa Yol 4

PCl bus refers to the laptop d:dxﬁputa‘ri:l b&ﬁg mserted inth the ex;ﬂnaoi?ﬁisﬁlmwbihbﬁ)dth afe 2 04
assert their res ctB Arbjte qStat

M5l O 124 to in o) Pyring ht P@%@eﬁaﬁbm@w&mwm

When tge Arbi t glusdsing bR R arkbifat i RO Aea ! fiffe RRAEBANLaGHRHER il

Arbiter Idle Status bit sinply grants bus contro
118a, resumi ngSlameastoﬂmsIdiﬁ]ﬁoé&:m\almwnﬂﬂte either Slave o Mestar Modef Whetes

al l ows support f ho dqc 1 e .used in 25
both the | apt oﬁu&;‘?’r’ﬁﬂ Rﬁ‘ﬁﬁ@%@ﬂbﬁ? mﬁlfﬁgh@’tgl Xistb 1824 8‘& ollgyaing sequsnCen ow
to Figure 4, th&REMEE 200 is shown in greater detail. The PDARB 200
contains a PDARB state nachine 400, MSC-L and M SC-E grant tinmers 404,

di vi de-by-8 1. ci ThaPDARBIRCO bm@sntxganmnemangnmmbdlaielyeputslondiold amwer

and ouBpUL s 1 0 POARSCIBIRGHET bl thocuaetr AR PR TR FORPRGO%0  ables

QUTPUTS 2. TRABCTIARB arbiters 204 ﬁmctxon S5l {taﬁd aReallowed! to RehpidR: 2042
- 13- ' EXP_GNT SC-L 118a grant to the expansion
PCl ARB 204b minimunIgSoL timksz [ 7: 0] 8-bit grant tiner for the
M SC-L POIARE 2048 . by o artlhe§ 04 TRk b iehests andall el o 5Bt B £ e
112; and
20 4. The PCIARB arbiters 204 assert their respective Arbiter Idle Status bits to the

MSIO 124 to indicate that the bus is idle and ready for hot docking.
‘When the Arbiter Idle Request bit is cleared, the PDARB 200 negates the Arbiter Idle Status bit
and simply grants bus control to the MISC-L 118a, resuming normal PCI bus 112 activity. The
combination of modes allows support for hot docking and allows the MISC 118 to be used in
25 both the laptop computer L and expansion base E.

Referring now to Figure 4, the PDARB 200 is shown in greater detail. The PDARB 200
contains a PDARB state machine 400, MISC-L and MISC-E grant timers 404, divide-by-8
circuitry 402 for generating the grant timer clock, power management timer and logic 406, and
arbiter idle logic 408. The inputs and outputs to PDARB 200 function according to the following

30 tables:

OUTPUTS
PDARB GNT grant to the local PCIARB 204a




ARB t DLE_STATUS informs the MBI O 124 that the arbiter is nowidle
(the M SC 118 is parked)

| NPUTS . LAP REQ request fromthe | ocal PCl ARB
10 EXP_GNT -lhe M SCG-E 118b grant fromthe PDARB
200 in the MSC L 118a

| _EXP_REQ thgh o W sifon

PCl arbiter i.MQC E 11 MS(%’LLHJS%%"E %R 5id b PCI
bus is idle |mMiSCL TMR [ABP_MTSbiRgrant timer for the MISC-P'FIIARH S54a! OCal] PCLARB
I n master nodges erares—i-he~{PDARB
200 stat e maqMISCE TMR [7:0] - Arebit prait f95& for the MISC-E PCIARBIZGM f r dm t he
MSI O 124 for farprter—Tto LU idle
nmode 15 ARBJ.IDHE_ET informs the MSIO 124;that the hrbites isagw idlegnal

| DLE_ACK frorhthe (the MISC 118 is parked) MPC 108

SLEEP_RFQ_ STEeEep request sitgnal SLCEEP _REQ Tromtne

MBI O 124 | ogic ARB TEST_EN forces grant tiner

i ncrenent every PCl CLK EXIT_ PARK rel oads timer
when CPU cycle starts ' PARK I ndi cates the
CPU 100 is packed 20 pclL o k INP TS POl clack

RST LAP REQ syst Nt el é{ﬂ-&ﬁqﬁélocalpc The PDARR state
machi ne 400 i BoH S cHeli=6 RCF-ARR

arbit g0s 2044 EXP T8ND has cont r ol mémlse-leusﬂag:anﬂﬂanﬂwmmgmmquest
fromeither drbiter 204a 25 or bm“ghzq,?m%B state machl ne 400 4l so

det er m nes V\AJ e—arremo Ot ot -shrott-a—e—tsqued.
Cont rol si gndII_EXPUREQ! o t he PDARRhe MISE-lnd ¢34 requesOfiomithé expandidd RHQ
| _EXP_REQ EXI T_PARK, RST, ARB_MAYCR biEKc‘lmﬂBMSGinlﬂRB | DLE REQ i gnal's.
The | aptop cqmmpute Sjopuls PREO Slommu)y al
PCl ARB 204a t|®@CI_IDLEdi cate t hat 5 ¢lesc§)ldltew ce is seeking contr oI of the
PCl b 112. Tarly. 1ne S D
Hs Aﬁ_ﬁA )i'E e expa ;legcrés tl?eslocal PCIARB in master mode;
enables the PDARB 200 state machine
ARB IDLE REQ request from the MSIO 124 for arbiter to go to
idle mode
15 I IDLE ACK idle acknowledge signal IDLE_ACK from the
MPC 108
SLEEP_REQ _ sleep request signal SLEEP REQ _ from the
MSIO 124 logic
ARB TEST _EN forces grant timer increment every PCICLK
EXIT PARK reloads timer when CPU cycle starts
PARK CPU indicates the CPU 100 is parked
20 PCICLK PCI clock
RST system-level reset

The PDARB state machine 400 is responsible for determining which of the two PCIARB

arbiters 204a or 204b has control of the PCI bus 112 following a request from either arbiter 204a

25 or204b. The PDARB state machine 400 also determines when the PCI bus is idle and no grants
should be issued. Control signal inputs to the PDARB state machine 400 include LAP REQ,

I EXP REQ, EXIT PARK, RST, ARB_MASTER, PCI_IDLE, and ARB_IDLE REQ signals.

The laptop computer L request signal LAP REQ is asserted by the local PCIARB 204a to

indicate that a laptop device is seeking control of the PCI bus 112. Similarly, the expansion base



-14- - E request signal | _EXP_REQ is asserted when the expansi on base E
PCl ARB 204b requests control of the PCl bus. The EXIT _PARK signal is
used to reload tinmers when bus parking is exited. As indicated in the
tabl e above, the RST signal is used as al&ystemtevel reset.

The PDARB state nachine 400 is enabled by the ARB_MASTER signal. This

si gnal al d request;signakk EXP- REQ: is| assegied Rehe GhamexpansiombasedE POEARB 204Y requests

typically i Nt D < . . 118a. The,RCl IDLE signal is
used to | it BERRPCTb "ol Bk WARK siemal isfifeio rlon, Bmem wheon i gpiking i
the tine duitedgASdTaled 4PEHRYALIE atitive thé RS sighkl (OB | is
asserted when the MSI O _1231 d(_a’stiﬁ%ggm‘tshe a?bi te%%gﬁgg%ﬁggiadl e node.
Further det ai | sSThePDARB satsmashine 408 isamablediby the ARB MASTER signal/i Theislsiped] alsoi n

of "t ne- Porbtes fie 16R PCIARR 03 fy® piastlF md, 2ufl if Gbigiionty dsriedn e BASC o <
clock, PCII8K The/BCI_IDIEshealliyuiedfo MdRafe thitthéPehbushs f&;{ Swhich is tl%%zlaj%a;t??ﬁe

di vide-by-8 circuit 402 is reset based on state signa recel ve
PDARB st atthe time durizg-normal crpaputerroperstion.i Thes ARBe IDKE_REQGignalrisiast&itedvivi the

signals t RB st at chine 40 Further detajls. of the
ai o1 de- by MSIEF12A de{ies BeSiing to g B Ric ol Tt drfad litha DARR pipte mactine
The M SC- m&aﬁ({mﬁdaﬁaéﬁi,bﬁgﬁ&sg%diss used to generate the 8-bit grant
tinmer MSCL_TVR 7:0] for the MSC-L PCl ARB 204 and the 8-bit grant

ti mer M SCE TMVAIE: dyide-by-8 ¢irsniti492 gen@ates apersiveBote PCI Kiackt whese frdquency4o4

is control ' .and, LA t he_ PDARB
state nmac ﬁ%ﬁ%‘%&% gfr:]& X %&n@#} mﬂlﬁa‘s&s%%@?%ﬁ’% Jimers
grant ed cao4r The dividelty-Seitcult U2 Isldset bised DnGtids dpiahadcdived R thed FDARBRGRE | Ve

grant for a _, Erograrmed (iluration as long as its request renalns

assert ed. Macking1480, and prayides the\JGLMISCL and JGI; MISELE signals torthe BDARB Ftater
bl ock 404 D | Re. i.ndi. t hat . . 1
o fecr ol Q08 AGHAE! el WL BidHy:s LAMUERHER ol Howt i BRungiog pich ™"

timer 1 odigué®2. are provided in Figure 8. 25 Al so included in
the PDARB 200 top level arbiter is a Power Managenent Tiner and Logi c
bl ock 406. Thi $hej MISECL/ Grant Timers bleskpfQicis tgr geveraté therBibiti gont timeed

Si gnal o s MEILEEMRI T for i R PIRRE L sl e Bl i ERASCE flfRaof °

BLOCK_NEV\@HMISCEE PCIARB20:be Thé fiaen Bléek 4028 ordbllod By tidtgrarit @gmgmm

bl ock 406 t e PDARB state machine 30 400. Inputs to the Power ~
I\/anagenen@"dm %QPEI EDARB state maching 460, Vbensithersho MISC-L H BT o MESC-E

arant B oo oe eanel cbattcfcFHeL MRS, BBl Ao BT b GesBerite B for 2
managenenpragrammed duration ab o as its oejoedt Gemaiss skséredd. €Thd MIST IFO QigRaldfvhich is
di scus S ed pil?o%{dgtyv from the Grant Timer block 404 to the PDARB state machine 400, indicates that a grant
timer has decremented to expiration following a reload. Details of the grant timer block 404 are
provided in Figure 8.
25 Also included in the PDARB 200 top level arbiter is a Power Management Timer and
Logic block 406. This circuitry functions to block new grants from being issued when the
EXIT PARK signal is asserted under certain conditions. The signals S_EXP REQ,
CLR_BLOCK_NEW_GNTS, SET_BLOCK NEW_GNTS, and BLOCK NEW _GNTS are
passed from the Power Management Timer and Logic block 406 to the PDARB state machine
30 400. Inputs to the Power Management Timer logic 406 include the signals EXP REQ,
EXIT PARK, PARK_CPU, SLEEP_REQ , I IDLE_ACK. These signals are used to generate
the grant blocking signals sent to the PDARB state machine 400. The power management timer

and logic block 406 is detailed in Figure 9 as discussed below.

[,



-15- - An Arbiter Idle Logic block 408 is also included i n PDARB

200. This bl ock 408 generates a signal ARB | DLE STATUS that when true
indicates to the MSIO 124 that the arbiter PDARB 200 is now idle (the
MSC is "parked"). As detailed in Figurd510, this bl ock utilizes state

signals fromthe PDARB state machi ne 400. The signals ARB_MASTER, 5

PCl _I DLE, ARB_AB| Arbiter Qle dusbidblatd 408/ s alse indhsded Uih iIFDARB 200. 9FhHi8 'bidck 408
ARB | DLE STATUS. The Q[pq gm of the _PDARB state nachi ne 400
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when the EXP_ mmhs hssesel, TBAkrol procde@Virbin Seftk MISC2P4R sdtte AAIRC EM THRA

control of the bus 112 can be taken away follow ng asserTion of
t he EXP_I@@P&B@Q[HOLD signal is provided by the output of a JK type flip flop 600 (Figure 6).

- 16- Referring to Figure 6, the J input to the flip flop 600 is provided by the output of a two-

inpﬁt AND gate 602. The inputs to the AND gate 602 receive the EXP_REQ and LAP REQ

25 signals. The K input to the flip flop 600 is an inverted version of the LAP_REQ signal. The

EXP REQ HOLD signal is thereby asserted on the first rising edge of the PCICLK signal

following assertion of both the EXP_REQ and LAP_REQ signals. In this manner, the MISC-E

118b is granted the bus if the EXP_REQ signal is asserted while the LAP_REQ signal is not, or

the EXP_REQ and LAP_REQ signals were both asserted on the previous rising edge of the

30 PCICLK signal and the LAP_REQ signal is subsequently deasserted. Stated another way, a

transition from the MISC-L state to the MISC-E state occurs when the LAP_REQ signal is pulsed

low by PCIARB 204a to confirm that control of the PCI bus 112 can be taken away following
assertion of the EXP_REQ signal.




In the NOGRANT state, no cycles are allowed to run on the PCl bus 112.
Contr ol proceeds fromstate M SCL to state NOGRANT under two
conditions. A first condition occurs if either of the signals BLOCK
NEWGNTS or SETBLOCK NEWGNTS is assertedl6- and the PCl _IDLE signal is
asserted, indicating that the MPC 108 is asleep. In order to block 5
grants on the In thetN@|GRANIY state, ndwc&kﬁ&Pall@E@d@gmmbnﬂmB@IslmstHd Control
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ci r cumst SREBREQsigaal prpwided at tha oupputiof adhtype Aip fer 90 Figare Pswhiess S wputiy the
before bepgd fEAiGt (irhe fiip fiop 900 is clocked by the PCICLK signal. Control remains in the

NO_GRANT state if either the SET_BLOCK NEW_GRANTS signal is asserted or the
25 CLR_BLOCK NEW_GNTS signal is deasserted while the BLOCK NEW_GNTS signal is

asserted. Inclusion of the CLR_BLOCK_NEW_GNTS signal allows the enabling of grants to

occur one clock sooner. All three of these signals are generated by the circuitry of Figure 9 and

are discussed more fully below. Once in the NO_GRANT state, if the conditions are not met for

remaining in this state or for transition to the MISC_E state, control automatically passes to the
30 MISC_L state. |

Referring again to Figure 6, further details of circuitry related to the PDARB state ”

machine 400 are shown. As mentioned above in conjunction with Figure 5, the signal
EXP REQ HOLD affects transitions from the MISC L state to the MISC_E state under certain



for exanple, it is asserted spuriously by a PCl master), this term assures
that the state machine swtches to the MSC E state. |If the request
was not reasserted, control swi tches back to the M SC L state and the
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signal JA _MSCE (Figure 7), which when asserted, indicates that the

state naclgAe6l4iap with 2 signal FGRMISCL+ byethe/puiputofia trasinp@AND gate 626 Fhi
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to the ouidpassertdd following assePfion@Atie réste signdl®SBT. i nput s i ncl ude the grant tiner
timeout_signal M SC TQ and t he | aptqp conputer L request sjignal
LAP_RE2§ The exXbaegnpsiomnbase Eprant signal X0 N Eierproxided by the apednyeding output of

aJK typeflip flop 612. The J input of the flip flop 612 receives the output of an AND gate 608.
One input of this AND gate 608 is connected to an inverted version of the expansion base E grant.
signal EXP_GNT, while the other input is connected to the signal JGI_MISCE (Figure 7), which,
when asserted, indicates that the state machine has just transitioned to the MISC_E state.

30 The X input to the flip flop 612 is provided by the output of an AND gate 618, whose
inputs include an inverted version of the output of the AND gate 608 and the output of an OR “
gate 620, One input to the OR gate 620 is provided by the output of a two input AND gate 624.
This input is asserted when the current state of the state machine 400 is MISC_E while the next

-



assert ed when control proceeds to the M SC E state when the EXP_GNT signal
has been 5 deasserted. The expansi on base E request signal
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of the AND gate 705 is driven by the signal "JG M SCE. The si gnal

JG M SCEeq%atpﬁf oved by the

-19- out t he st .
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flip flop rrves async ronous
an AND gate 703. One input of the AND gate 703 is driven by an inverted version of a signal

25 thatis asserted when the previous state of the PDARB state machine 400 was the MISC_L state.
The second input of the AND gate 703 is driven by the signal JGI_ MISCL. The signal
JGI_MISCL is provided by the output of an AND gate 700, which transitions high when the
PDARB state machine 400 is about to transition into the MISC_L state (i.e., the next state is
MISC_L, while the current state is not MISC_L).

30 A second input of the OR gate 704 is provided by the output of an AND gate 705. One
input of the AND gate 705 is driven by an inverted version of a signal that is asserted when the
previous state of the PDARB state machine 400 was the MISC_E state. The second input of the
AND gate 705 is driven by the signal JGI MISCE. The signal JGI_MISCE is proved by the




CLR input of counter 708. The counter is also clocked by the PCl CLK signal.
Hence, the counter 708 is reset on a new | aptop conputer L or
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Timer = (# of Aotetdiledachematis didgrany ofdhe grantrtimericinsuifry 404 issshown. in Figure 8.t Thes
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since 15t fiowd ﬁre@i@elﬁ,%n\é'tﬁﬁé?%dt PoiRdWiflStwo valued) AHRMIFEN. 1G85 8r MISC-H¢18tAken
when programming this tiner. Values |ess than the | ength of t he

| ongest Pisl guatantesd to havedits respestivegrgnt fon dhe fime srogvahmed as loog las thyeappoopiridte
cause excessive, l.atency foy sone devices. Lrentl i t appears

apbr ox! o gt SgmalfpHpEs Bee. A AmBle carR et Folowing Sequénckhr oqr 2mi ng
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preferably be set on systeminitialization usigyn&; Cl confi Ig_;lurat i on cycl es.
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times-@ut, the Q. si gn j ted to the PDARB state nachi ne
400. @@on ti m-out,L%%ém%%gé@ﬁ%e appropriate grant signal. The
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clock cycle to signal the PDARB state machine 400 to change state and issue

t he new grant $ignalhe appropriate M SC 118. The request handshake back
to the PDARB S4al € 1ne PDARB 200 will negate the EXP_GNT signal on the next clock and give the

bus to the MISC-L 118a. The MISC-E grant timer is cleared.
25 To provide fair arbitration, the timer is ideally programmed to allow each master in the MISC-L
118a or MISC-E 118b to gain access to the bus once during a grant to PCIARB 204a or 204b,
respectively. This timing can be approximated by:

MISC Grant Timer = (# of local masters)x(average grant time per master).
It is contemplated that any value could be used to favor one group of masters over another. For '
30  example, the MISC-E 118b may need a larger grant value since it could be servicing ISA masters
and/or DMA. Care must be taken when programming this timer. Values less than the length of
the longest PCI cycles could cause hang conditions. Values too large could cause excessive
latency for some devices. Currently, it appears approximately 3us would be an appropriate value.



machime 400 is required to allow masters wth active mninmmgrant tiners
to conplete their grant tine or allow DMA | SA bus masters to finish.
10 The output M SC_GNT_TMR[7: 0] of a decrenmenting counter 800 is
connected to the i nputs of an ei ght20-nput NOR gate 802, whose out put
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si gnal the decremantigEcountir 8Q0 iwithi ang o€ thresseparatesvalepsmpdeterminedrhydhe select biss
just enter eagghhe M SC E state. The decrenenting counter 800 is
therefore? ed wth the tinmer value M SCE_TMR when t he PDARB st at e

machi ne 400 entyien bith Selddt Bs sFfand bair@ attd WBgiciew Kvel) thet "OMRiputPkhé Snulipdxop 804

The select bit b of the nultiplexor 804 receives the output of a three

i nput  ANDisyelesteddfer provisiontndhe RING7:0]ieputsief thrdegrementipggonnter 300. it shasd bhe

zijgg'?lar gbg%figﬁgtﬁ&% I,gm]{ %?ﬁrtﬂhe fnhm | fef valgﬁ SIg-erFhSI CB%T&?I\%QM he
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is enabled. The tiner value SCL TMR is al so used when t he CPU 100 exits a

parked  suchibaidhe ﬂwe@mggpuﬁsrsw tosdedywiticall “Ls guhesythe|@ fpyt isjselgeted and he
I L e
i nputs toig W@Bymt%lﬂmnMexdeSGE_MH% graitdRithe MASCOVESTED awhile the
25 2 input of the multiplexor 804 is driven by an 8 bit grant timer value MISCL_TMR for grants to
the MISC-L 118a. MISCE_TMR is provided to the DIN[7:0] input of the decrementing counter
800 when the select bit a is at a logic high level and the select bit b is at a logic low level.
Similarly, MISCL, TMR is provided to the DIN[7:0] input of the decrementing counter 800 when
the select bit a is at a logic low level and the select bit b is at a logic high level.
30 The select bit a of the multiplexor 804 receives the output of an AND gate 806. Inputs
to this AND gate 806 include the grant timer enable signal MISC GNT _TMR_EN and the signal
JGI_MISCE, which indicates that the PDARB state machine 400 just entered the MISC_E state.
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to stafd i endbldder O in Fﬁtoéﬁ"th@m gﬂ&%ﬁ?isednven by the output of an OR gate 814 whose
-22- renove itself frompark Grants need” not be bl ocked Tor condition

(1) above itputscans conniaeted/ Rthe PCICLKSDEM& snchARBAESAt ENtsignal IleEABIsecomghiaput of

I it I : To i hi 1§ the LOAD t
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LOAD i nput of Counter 901, rovi déd by the output of an AND gate 902. An
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25 ew?ery PCICLK and is used for testing purposes. Finally, the timeout signal MISC_TO must be

deasserted. If all three conditions are met, the decrementing counter 800 is enabled.

Referring now to Figure 9, details of the power management timer and logic block 406
are shown. This logic blocks new grants from being issued when park is exited under the
following three conditions: (1) the IDLE_ACK signal is asserted; (2) the SLEEP_REQ _ signal

30 isasserted but the IDLE_ACK signal has not yet been asserted; or (3) the SLEEP_REQ_ signal
is asserted and negated without the IDLE_ACK signal asserted. For conditions (2) and (3) grants
must be blocked for seven clock periods of PCICLK because the MPC 108 clock is stopped, it
is driving the bus (parked), and it needs seven clocks to start its internal clock and therefore



signal is a synchronized version of this signal provided by the output of D

type flip flop 912 whose input is the SLEEPREQ signal. This flip flop
912 is clocked by the PCl CLK signal. 15 The inputs to the AND gate
908 are driven by the EXIT_PARK signal -23d an inverted version of the
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| evel cycles of the PCICLK clock signal. The output of the NOR gate 914 is then asserted and the
25 clock to the counter 901 is deactivatéd.
The signals CLR BLOCK NEW_GNTS, SET BLOCK NEW_GNTS, and
BLOCK._NEW _GNTS are communicated from the power management timer and logic block 406
to the PDARB state machine 400 (Figure 5). The signal BLOCK_NEW GNTS is provided by
the non-inverting input of a J-K type flip flop 920. This flip flop is clocked by the PCICLK
30 signal. The J input to the flip flop 920 is driven by the output of an AND gate 922 whose inputs _
are an inverted version of the BLOCK NEW GNT signal and the signal
SET BLOCK NEW_GNTS. The signal SET BLOCK _NEW_GNTS is provided by the output
of a two input OR gate 924. The inputs of this OR gate 924 receive the aforementioned signal




15 only when the J input is at a logic |ow | evel and the output
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is connected to the output of a two input multiplexor 952. The 1 input to this multiplexor 952
is connected to the output of an AND gate 954, while the 0 input is connected to the output of a
three input AND gate 956. The signals S_TDLE STATE and N_STATE=IDLE drive the inputs
of the AND gate 954. The inputs of the AND gate 956 are driven by the signals
25 ARB IDLE REQ, PCI_IDLE, and an inverted version of the PDARB_GNT signal. The select
input of the multiplexor 952 is driven by the signal ARB MASTER. As mentioned, the
ARB_MASTER signal is only asserted in the laptop MISC-L 118a.  Thus, the
ARB IDLE STATUS signal can only be asserted in a MISC-L 118b when the signal EXP_GNT
is negated. In the MISC-L 118a, the ARB_IDLE_STATUS signal is delayed by two clocks in

30 order to allow the CPU 100 to stop driving after its grant has been removed. )
Thus, a top level arbiter for determining whether a laptop PCI arbiter or an expansion base
PCI arbiter has access to the PCI bus has been described. Each PCI arbiter must receive a grant
from the top level arbiter before it runs a cycle. While the laptop computer is docked, the top




25 ~ CLAIMS What is clained is: 1. A top |evel
arbiter circuit for use in a conputer system which includes a first
portion having a first bus and a first arbiter for arbitrating bus control
request.s from devices coupled to the 24fst bus, and a second portion
havi ng a second bus and a second arbiter for arbitrating bus control

request s fepd aititerieliets tebkddntle POI drbiters 06 @i ssenthll§ tinde'iuifiplefad basisl Wagle ek
portions of the conputer system further including an interface for

coupl i ng e¥pansionbase apd, iaptapronmputes atedmgdokes, the toplenelarbitex alwasitarapts dus sedess

top |evel ' i siel: ir ctrical i ce.for
receivin g% r o#mi?éerq uldg}& rsqufu?s%%nd[ it (aaﬁtf ﬁi@sa{% Tnggdniﬁi %éﬁﬁ%?&%lg&%?@gtpe 90p
portion; level arbiter add 3CPOD aitecsf the @kpansios ibhsecnif. OA disthiRitad Bbithition GeRkmeo!
requests fromthe second arbiter of the second portion;

a
priori 8 z8¢rerding saithe inventiom theyabysimplifies| oyeralk arbitragion aae meugesceomnlexity in the

interface L Ol fl t ed bus by said first
arbiter o@t%%b?ﬂ%@{hﬁyﬁéﬂ;%@;%&?gﬁg& é@%ésgarillobeag%bi ter of said second
portion; The foregbifig didcledure tuid deatriptionef tirGventiop aredllustrative &l explanatory

prioritizing circuit for selectively granting access to the extended bus
to said fthessof,andivedeus ghanggsdn thesize, shape,imaterialyy gomponents, cirqyitrelaments, wiring

el ectri cal ker.f ' ' L O e 171 Cl L CUI .

cel ect | vergrbtiisaf Sod E16 Vel s nnZ BN R AR ML 1ol cofioction png, |,
sai d decomeéthpd of bpération may be made without dégagtingofforh ehecdpiritrofitiedfventionl ai m 1,
wherein said prioritizing circuit conprises a grant tinmer for granting
control on an essentially time multiplexed basis. 3. The top
| evel arbiter of claim1l1l, wherein each of said first electrical interface
for receiving bus control requests fromsaid first arbiter and said second
electrical interface for receiving bus control requests fromsaid second
arbiter consists essentially of a request |ine, and wherein each of said
third electrical interface for selectively granting access to the
extended bus to said first arbiter and said fourth el ectrical interface
for selectively granting access to the extended bus to said second

arbiter consists essentially of a grant |ine.




26 . 4. A top level arbiter according to claim1, wherein the
first portion of the conputer systemis a |aptop conputer and wherein the

second portion of the conputer systemis an expansi Grr—base\l_\&')
The top level arbiter of claim4, wherein 5sald top le EH arbiter a vva‘s

grants bu% access to said first arblter o% t he | apt op M,m’

| apt op co detached fromthe expansi on base. ﬂ

| evel arbmrdl ng to claim11, wherein the extended bud of' the
conput er syst emwhatds Egikdeglier al Conponent Interface (PCl) bus. 7.

A top level arbiter accordi n'? to claim1, wherein each of the first and

second pbrtions lof t He tepigvet ebiterycitcaitfomuseine conmister systerm| witehnivcludes a first

or - an £8 crhnetion Aufiod e el iy 3 e s b bR o bl Pl s bvicidy

net hod for gbripRidtonthe firstbuk! £1d PEdcoid pyrtion haviag ANet@id bussdnda s&abﬁdlaxrbiteﬂ ﬂﬁles
at least . a first portion having a first bus and a first _arbiter

ar bi trat4 ngtrbmtl@g) huy enntsob qwsa s fromodavisey p@ml,edcmbp serond bphethe ﬁrsg tané gecondnd

a second p ;}qx obd

bus control %%estséfn“&"ﬁftgre%ces cgﬁrgﬁ&‘dafl%%we sag{c’géncfs{gm sﬁﬁ@#ltb {’fand
second p@rtﬁreﬂtﬁxs@ﬁdtﬂeeeaﬁﬂmukemdaypleemam&hm fisied: udi ng an interface for
coupling_a shared bus of the first bus and the second bus to form an

ext ended bus, t Hefiistelresrical dtprtacsiforyrepeneing bus,contiol gauests frag the fisss arbitorpf the
arbiter §|r I; &‘the conput er system to monitoring via a first

el ectrical | hter ace, bus control requests fromthe first arbiter of the
first pogtion tcseddndelestricaliintetfacel fobreseining bas controbseguests fring theseeontbatbitersof
to nonitoring via,a second electrical interface, bus control requests from
the secéfd thgﬁﬁc%‘“’%‘?mf'he second portion to allow a potential bus master
access the e ) | S | infeBALES
resul ti trllg from )sgal%ggn%% ?ﬁ"ﬁig g?ponﬁe ft?rgsa'?ﬁang gnedﬁzg% g %gérag inf fot
sel ect i V2| yprioritizing accessgo did shatedcbus by seidtfirstf avbiter of caid ﬁrst portion and said second

13 arbiter of said second portion;

14 a third electrical interface responsive to said prioritizing circuit for selectively granting
15 access to the shared bus to said first arbiter in said first portion; and
16 a fourth electrical interface responsive to said prioritizing circuit for selectively granting

17 access to the shared bus to said second arbiter in said second portion.

2. The top level arbiter of claim 1, wherein said prioritizing circuit comprises a grant

2 timer for granting control on an essentially time multiplexed basis.

3. The top level arbiter of claim 1, wherein each of said first electrical interface for
receiving bus control requests from said first arbiter and said second electrical interface for
receiving bus control requests from said second arbiter consists essentially of a request line, and
wherein each of said third electrical interface for selectively granting access to the shared bus to
said first arbiter and said fourth electrical interface for selectively granting access to the shared

[o SV W "G FURE % -

bus to said second arbiter consists essentially of a grant line.

1 4, A top level arbiter according to claim 1, wherein the first portion of the computer

2 system is a laptop computer and wherein the second portion of the computer system is an,

expansion base.
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to the bus; In response to selective prioritization of a detected
request fromthe TIrst arbiter

27 to grant, [ pninn@asi @t rial interface, access to the extended bus
to said fi rst”ﬂ,ﬂlﬁ#{rﬂ"ﬂ[‘ﬂ”@[ in respopse to selective prioritization of
a detected reqtiest from cond arbiter to grant, via a fourth

el ectrical interface, access to the extended bus to said second arbiter;

whereby said selective, prioritization and grants of access to the extended
bus are &ffected.n a Fheadpkivabarbiter ofichin Ay ivhemginsa@dtop fevielsarbiter always grants bus

The nethod of clai.m. 8 wherein said step of, selectivel rigritizi and

gr ant i ng%r SRS 1eE Q&hﬁ(lﬂ%?lb?%mm when smﬁigg9%5$/xp§ﬁprﬁ§ dgagheg%‘om the

predet er g rﬁﬁa&; Yasd.i ™ for each of the first arbiter of the first portion
cond ar

and the se Iter of the second portion; initiating.a counter
to allow access to the extended bus for said predeterm ned grant tine

following a detected yrequest for access to.the extended bus:. an

repeat i ng said ftep “ﬂﬁ?‘f‘?ﬁ mtﬁbﬂ%m&mmgr wﬁ%@?&ﬁ%%ﬂﬂ@é&%&%

during o s%%{nliyﬁﬁgﬁﬁ{erdp%h@gﬁe]% wiEceipanajuber arbiter is granted access
n us. .

to said exténded The nethod of claim9, further
I ncluding the step of allowng either the first arbiter or the second

arbiter to park eithey itself ar a conputer. system conmpone on the
extendedr[bus wheﬁ thé&ff?}_h%m"l ST ALK tPr?bé‘ﬁS]j’dY reé'ﬂngfc_é‘.é}lthe%"”t @dfgqond A
conput er 2 sysdridhs of SiElohipuftd system include a Peripher@l (onipohe ThietBed s'and eifher

a first bus; . a first arbiter electrically coupled to
sai d fir8t #ulndugry Standard Architecture (ISA)hys of antExtended dudustry Standmddémgx;&ure

coupl ed ho @%&ﬂ){)lilsr st bus; a second bus;

8. A method for determining arbiter priority in a computer system which includes
at least a first portion having a first bus and a first arbiter for arbitrating bus control requests from
devices coupled to the first bus, and a second portion having a second bus and a second arbiter
for arbitrating bus control requests from devices coupled to the second bus, the first and second
portions of the computer system further including an interface for forming a shared bus of the
first bus and the second bus, the method comprising the steps of:

monitoring the first arbiter of the first portion for requests to allow a potential bus master

access to the shared bus;

0 e 1 Nt bW N

monitoring the second arbiter of the second portion for requests to allow a potential bus

10 master access to the shared bus; and
11 selectively prioritizing and granting detected requests for access to the shared bus ona
12 predominantly time multiplexed basis.
1 9. The method of claim 8, wherein said step of selectively prioritizing and granting
2 requests comprises the steps of:
3 establishing a predetermined grant time for each of the first arbiter of the first portion and
4 the second arbiter of the second portion;
5 initiating a counter to allow access to the shared bus for said predetermined grant time
6 following a detected request for access to the shared bus; and
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a second arbiter electrically coupled to said second bus for

arbitrating bus control requests from devices coupled to sﬂlﬂl

an interface for functionally connecting said first bus of ﬁmﬂﬂ" ’mﬁ“m
portion to said second bus of said secon 7E)OI‘tIOI’l to form afi ekt endéd Bus*
and a top level arBiter, said top level arbiter

(r:gggir {”S Ir?g;gbus c Wﬂ% sald ste o{ initiating a counter f{)f &e%cteed r%ﬁﬁés’ts%&e&e'&tcﬁmng or sho

28 8. after periods ﬁﬂvdﬁtisaloduei' hrbiter i8 ghintetir acodss s@said Shar&ibugorti on;

a second electrical interface for receiving bus control
requests from said second arbiter of said second portion;

ests |
o1 fct 11 cal “i nt enPagedbs SARRRTSANT BRUEEinlink o ABSOARENME citer e fraparbig |

first ardi mmmmdmmepmmaﬂommm systenROmpoiknt on thef shared Gusehend

portion; third electrical interface
respon5|3\/eﬂf‘?)°°§3;ﬂ“EFrﬁYWFst‘PfNi’éesme circuit for selectively
granting access to said extended bus to said first arbiter
in said first portion; and fourth electrical
i nterfade respoddi veAl compaiat systemyrdotriprising: ' circuit for

sel ectively granting cess, to sai d, extended bus to said

second é?blter in saﬁ%ﬁggeﬁﬁﬁ’ﬁﬁmFﬁﬁﬁ 12. The conputer system
of claim 11 wherein said,gapphgvel arbiter prioritizing circuit includes a
grant tinmer for granting control’ on an essentially time nultiplexed basis.

13. TMe top | evel arbitedirstf arbitexi elecldgaﬂyx/meuﬁedl teseid first bus forfarbitating bus
electrl interf for cei vi ng bus, gontr, uests fromsaid first
arbi ter and sai §° ‘gé‘gé?ﬂ‘eg?g' ‘i/eﬁ’gg @ﬁﬁ%é@gﬁ&tgg%cel ving bus control
request g from said sggéya,ngf,ﬁioheém@mﬁ sts essentially of a request Iine,
and wherein each of said third electri interface for selectively

granting access to the exaeewedibﬂws to sal d first arbiter and said fourth

electrigal interface for sele rgitsagléx y!sgq a&&coﬁp@ﬁgegasqutﬁq%ghggusefétrgr%qra%nggs to

said se®ond arbiter consi&%°

9 control requests from devices coupled to said second bus;

10 an interface for functionally connecting said first bus of said first portion

11 to said second bus of said second portion to form a shared bus; and

12 a top level arbiter, said top level arbiter comprising:

13 a first electrical interface for receiving bus control requests from

14 said first arbiter of said first portion; _

15 a second electrical interface for receiving bus control requests from

16 said second arbiter of said second portion;

17 a prioritizing circuit responsive to said first and second electrical

18 interfaces for prioritizing access to said shared bus by said first arbiter of said first

19 portion and said second arbiter of said second portion;

20 a third electrical interface responsive to said prioritizing circuit for

21 selectively granting access to said shared bus to said first arbiter in said first portion; and

22 a fourth electrical interface responsive to said prioritizing circuit for

23 selectively granting access to said shared bus to said second arbiter in said second

24 portion. '
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14. . The conput cI aim 11, wherein said first portion of said
conputer system m’,@m ter and sai d second portion of said
conputer system ase 15. The conputer system of

claim 14, wherein sal d extended bus is ajReripheral Conponent Interface
(PCl) bus The conputer system of claim 14 V\,herel n said

bus and Tei t her 1 Fﬁ?eﬁ%sx&%mécﬁﬁémé% SREPRIY bl Briohfifiog il
| ndustrg Shmﬂdwdgwnmneﬁotmﬁgaoﬁﬁblmemﬂawmemmmmdbmnd portion

i ncludes a PCl bus and either an | SA or El SA bus. The
conputer systemof claim1ll wherein said first arbiter and sal d second

arbiter qutilizerq §%&t Y

18. T%e corrput er syste@ V#I%ﬁﬁéaerénp leéF}ehléﬁeﬂle%%ﬁb% &'isgl&gd?&n { ¢ 'g“:eecond
portiong i rceivitigsbus coniral feqpestseirom saidofifse arbiten and\buid eécond &le&tddabldtm for
arbiter _is actlvgel nonly said first portiqn, or said sec nd portlon whi | e

said fi |3st regeiving %mﬁgbmu%ﬂqpémﬂawﬁmr onsistssesentiallnof # regyest lingg
bus. @Ff Yxﬁ&x‘ﬁf@e?& Sy aﬁﬁfgsa&éﬁs 18 the ¥sreqibls f1en

t he flrst portlon econ portlon are not” func connected Vvia
sai d exfe nshuﬂﬁtstl arbitepand Saahfohah elecuichli ihterfacd fon yelediveliy igsanting amsmshe shased d

first ar6b| s to said second arbiter consists essentially of a grant line.

14. The computer system of claim 11, wherein said first portion of said computer
2 system is a laptop computer and said second portion of said computer system is an expansion
3 base.

1 1S. The computer system of claim 14 wherein said shared bus is a Peripheral
2 Component Interface (PCI) bus.

16.  The computer system of claim 14 wherein said first portion includes a Peripheral
Component Interface (PCI) bus and either an Industry Standard Architecture (ISA) bus or an
Extended Industry Standard Architecture (EISA) bus, and wherein said second portion includes
a PCI bus and either an ISA or EISA bus,

40 WON

17.  The computer system of claim 11 wherein said first arbiter and said second arbiter
2 utilize a modified least-recently-used arbitration scheme.

18.  The computer system of claim 11 wherein each of said first and second portions
includes said top level arbitration circuitry, and wherein said top level arbitration circuitry is
active in only one of said first portion or said second portion while said first and second portions
are functionally connected via said shared bus.
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