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20 Such system bus standards include the well-known | SA and ElI SA
standards to which, for exanple, a hard disk drive may be co ough
an | ntegr ¥Od5B#%e El ectronics (IDE) interface. As corrputerggsli‘@tsgglg%l1ISE
technol ogy has devel oped, the traditional |SA, EISA and other 1/0O bus
standards have proven i nadequate to serve 25 conputer systens with
advanced processors. There has recently been introduced a new |/ O bus
standard for use as a primary |/O bus which provides a much greater
bandw dt h than previously existing bus stqndards. -2- The Peri pheral
Conponent I nterconnect (PCl) bus is quickl'y receiving wi'de acceptance in
the conputer industry. _The PCl_hus standard@;rovides for a high bandw dth

and a flexibility t hatDIBK nB@BﬁEerQQ:NNﬁ W(ﬂ:eBgIrEBE(A ogi es and
increased processor speed. At tPFOR USE ?quncqrgijsystem architects are
p

primarily designing speed sensitive peripherals such as graphics
accelerators and SCSI disk drive controllers to be utilized with the PC
bus.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to computer system peripheral
connections. More particularly, the present invention relates to
interconnecting peripheral devices with the emerging PCI local bus

10 standard.

Art Background

In the computer industry, one widely accepted system architecture

for stand alone systems has been the AT system design. Computer system

15 mother boards supporting this system type generally include a
standardized input/output (1/0) bus for providing inter-system
communications between the various system components. For example,
the system's central processing unit (CPU) will utilize this bus for retrieving
and writing data to the system's hard disk drive or other storage devices.

20 Such system bus standards include the well-known ISA and EISA
standards to which, for example, a hard disk drive may be connected
through an Integrated Drive Electronics (IDE) interface.

As computer processor technology has developed, the traditionai
ISA, EISA and other /0O bus standards have proven inadequate to serve
25 computer systems with advanced processors. There has recently been
introduced a new /O bus standard for use as a primary /O bus which
provides a much greater bandwidth than previously existing bus standards.



Comput er system s designed today that incorporate PCl bus capabilities
generally also include a slower, secondary I/0O bus such as the 10 ones
descri bed Wioms&40d50r conpatibility wi th numerous existing, prRUI/BsASIOFI33
desi gned peri pheral devices. There are a nunber of differences between the
PCl bus standard and the previous |1/0O bus standards, particularly with
respect to the various interrupt protocols. For exanple, the ElISA/ I SA bus
architectures provides for 16 interrupt signals, IRQO0:15] with each 15
designated for different possible uses. The PCl bus on the other hand
provides for four shared interrupts, INTRFZ& D], with each shared by all
slots on the PCl bus. Many hard disk drives designed for use in conputer
systens todayTheiRerpgheral Conggraint dnigrcoenédte(@®C 1) busss (qUiERly seegidimgowide
i nterface. Th ! VenR~\e t %EI:}%@ S
grown to w deg%%@g%ﬁgen_é%meﬁ%%@%ﬁ%ﬁﬁg%ﬁ}'bg_@red#mg’ﬁ%tsrtgﬁégfr?tebI b
speci fi cat i onhighsbandwidih apdeal flesibPity thakisfindependentadi newirrocessor DE
drives used opchagidjies afBahcrisse beEped® RY fhis tife] BoAPLARE a
sinple | d(r)l:éve t‘(ﬂ'%sé Pgl %us _iegs‘.scfggglgg%rg%?éﬁ\é\?ﬁilgut[te'and Xpensi ve.
Conpl i cat PonsS¥HPELalRikigaiate primariy gisigning shgedtsansitiug periphierals such
conpati bi | i t yag graptieseitceleraforaandrSOSIIUISIE triv Jontroliess & Be Wrizegerith he
| DE drive and fllga% drive interfaces. The
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Computer system's designed today that incorporate PCl bus
capabilities generally also include a slower, secondary /O bus such as the
10 ones described above, for compatibility with numerous existing, previously

designed peripheral devices. There are a number of differences between

the PCI bus standard and the previous I/O bus standards, particularly with

respect to the various interrupt protocols. For example, the EISA/ISA bus

architectures provides for 16 interrupt signals, IRQ[0:15] with each

15 designated for different possible uses. The PCI bus on the other hand
provides for four shared interrupts, INTR[A:D], with each shared by all slots
on the PCl bus.

Many hard disk drives designed for use in computer systems today

utilize an Integrated Drive Electronics (IDE) standard interface. The IDE

20 interface has proven very cost effective and has grown to wide acceptance
in the PC motherboard industry. The IDE specification has been adapted to
provide faster capabilities for IDE drives used on faster "local bus”
strategies. However, to interface a simple IDE drive to the PCl bus is
considérably difficult and expensive. Complications arise because there is

25 along standing PC AT compatibility requirement to share a computer
system register between the IDE drive and floppy drive interfaces. The
sharing of a register requires that both devices drive the data bus during an
access to that register. Of course, each device drives different bits of data.
More specifically, an I/O read of address 3f7h results in the IDE device

30 driving bits [0:6] and the floppy device driving bit [7]. This is easily



sharing of a register requires that both devices drive the data bus during

an access egister. O course, each device drives dif ' of
dat a. Nbreevg)pJeSb(}?{’?sgally, an I/ Oread of address 3f7h results ?ﬁ“f‘@ﬁ%mﬁﬁ

device 30 driving bits [0:6] and the floppy device driving bit [7]. This
Is easily -3- acconplished when both devices reside on the sanme | SA or
El SA bus by using bi-directional tristable buffers. To support a fl oppy
drive on the PCl bus as well as an IDE interface would be a cost

prohi bitive solution to satisfy the requiggnent because of special "bus

mast eri ng" devices that 5 must be utiliz&d to replace the normal floppy

drive DMA transfers. .ln an vent, this would be inefficgient use the
1 oppy i ve FETRRISNsY Mikn BSBdevices e an BF STIEISARF BISASLS by
bott| eneck t aisipg tbéiaireCliopal fristatsle druffebs.oMoesuppa beftoppyt driverphanemCing | DE
conpatible h ' | . RCl S Lt he A does
not provide 2%% gTL' %lgéﬁﬁﬁlﬁ imtﬁgggé{w(;o%@pbpé;%tcogi pf%gbit'&?eﬁql?@é%&ﬁhese
si gnal s i ncl F@ishhtheieequjrement haeause of special "bus mastering" devices that
S5 must be utilized to replace the normal floppy drive DMA transfers. In any

event, this would be inefficient because the floppy drive is so slow that a

PCl implementation would introduce a bottleneck to system PCI

performance.

Another problem with impiementing IDE compatible hard disk drives

10 onthe PCl bus is that the PCI bus does not provide certain required signals
to support an IDE interface. These signals include the designated hard
disk interrupt output and an output to activate the computer system's hard
disk drive active LED indicator. Further, the PCI specification identifies no
spare pins for use by non-compliant devices. It would be advantageous,

15 and is therefore an object of the present invention, to provide a fully
compliant PCI slot on a computer system motherboard which can also
provide an interface to an IDE disk drive for use on a PCI bus.



di sk interrupt output and an output to activate the conputer systenm s hard
di sk drive active LED indicator. Further, the PCl specification identifies

no spare Wé‘%iﬁ&s use by non-conpliant devices. It would be peyagésagess,
15 and is therefore an object of the present invention, to provide a

fully conpliant PCl slot on a conputer system notherboard which can al so
provide an interface to an IDE disk drive for use on a PCl bus. SUMVARY
OF THE PRESENT | NVENTI ON From the foregoing it can be appreciated that a
conput er systenml s performance may be enhanced by providing a nechanismto
allow a hard disk drive with an I DE interfgace to be used on the conputer
systems 5 enhanced 1/ 0O bus. Accordingly, it is an object of the present
i nvention to provide a nmethod and apparatus for utilizing an IDE-interfaced

hard disk drive in a c%gAwsgﬁnfﬁEomsgquwgmqmnect to a high
speed | ocal bus such aSs e ese an er objects of the present
I nvention are proglded I ncl.udi 8 additional .circuitr onthe %ter
systen s mot her oA @t HIE (rPYeIRg:hCaR DePRISRIAIES B PEIAMeR YR

performance may be enhanced by providing a mechanism to allow a hard
disk drive with an IDE interface to be used on the computer system's |
5 enhanced I/O bus. Accordingly, it is an object of the present invention to

provide a method and apparatus for utilizing an IDE-interfaced hard disk
drive in a computer system through a novel interconnect to a high speed
local bus such as the PCl bus. These and other objects of the present
invention are provided by including additional circuitry on the computer

10  system's motherboard for utilizing an IDE compatible disk drive through
one of the computer system's PClI slots. The PCI slots on the system's
board are unaltered and remain fully PCl| compatible for use by other PCI
expansion cards. Several pins that are not used by the PCI protocol during
normal system operation are exploited by the present invention.

15 An IDE add-in card with a PCI connector will signal its presence in
the PCI slot to the modified system motherboard by providing a presence
signal over an otherwise unused test input pin designated in the PCI
protocol. The computer system's motherboard will include a weak pull-up
resistor to default the signal to an inactive indication when no IDE card is

20 present. An IDE card will provide an active low signal on the pin when
inserted. When an IDE card is detected in the PCI slot, signal steering
circuitry will be activated to allow for the proper interrupt and other signals
to be detected and utilized from the card.

The affected PCI slot on the modified system motherboard will be
25 coupled to receive the DSKCHG- signal from the system's floppy disk drive
interface through a PCl-reserved pin when an IDE card presence signal
enables a control gate. The IDE card interrupt output will be provided
through another enabled gate circuit to provide a proper primary hard disk



one of the conputer systemis PCl slots. The PCl slots on the systenm s board
are unaltered and remain fully PCl conpatible for use by oth |

expansi on WQ P06 o g pins that are not used by the PCl p&r&t—ﬂg&ﬂs"’aﬁf’i ng
normal system operation are exploited by the present invention. 15

An IDE add-in card with a PCI connector will signal its presence in the PCl
slot to the nodified system notherboard by providing a presence signal over
an ot herw se unused test input pin designated in the PCl protocol. The

conput er systemls notherboard will include a weak pull-up resistor to
default the signal to an inactive indicati™n when no IDE card is 20
present. An IDE card will provide an active |ow signal on the pin when

i nserted. VheRvarintenERs signaldo dee systamisrintereumaoniralier. digneautingeet iy
i gnal s Lo bitedepeFie (bash eh Ghefilsefosehed aARin B pI M NS (Tt on
Cha modi {1 cdPISIOEEM SERRNL LN GRTIPUIAT S tom A% BRATOAIPk SEVE PrERENLERCHE
Si gn\% f rom arseconstaey/© bU@.ﬁm’irdéﬂFpﬂSig‘n;al wil Défstéérd&fd)tli@‘lineelﬂﬁbt- reser \éed
prn en gan resence, Sl gna apl.es. contr Q. €. e car
Phter rantS oubBvE0eT 28 esRitiat Haf it As iebe Jundl: Ginolhe: PER 171 6
provi de a pr tgsarvedipimis ubed dodsiginaling an activation signal to the hard disk drive
active indicating LED when the IDE card is active in the PCI slot.



drive interrupt signal to the system s interrupt controller. The routing of
IDE interrupts is through an otherw se reserved and unused pin in the PCl
protocol . W8 9834863y, if the conputer systemhas a hard di sk BEF{SIYPUEIINt
on a secondary 1/0 bus, its interrupt signal will be steered to the
interrupt 5 controller as a secondary hard disk drive interrupt. Finally,
another PCl- reserved pin is used for signaling an activation signal to the
hard di sk drive active indicating LED when the IDE card is active in the
PCl sl ot. BRI EF DESCRI PTI ON OF THE DRAW NGS The objects, features and
advant ages of the present invention wll -Be apparent fromthe follow ng
detail ed description in which: FIGURE 1 illustrates a bl ock diagramof a
conmput er system5 architecture using a hierarchy of buses incorporating

one enbodi nent of the BREEM!DESCRIPTIONFICKREHE i DRSWINGS sonme pin

designations for a PCl conpatible
The objects, features and advantages of the present invention will be
apparent from the following detailed description in which:

FIGURE 1 illustrates a block diagram of a computer system
5 architecture using a hierarchy of buses incorporating one embodiment of
the present invention.

FIGURE 2 illustrates some pin designations for a PCI compatible
interconnect.

FIGURE 3 is a gate level circuit diagram of the PCI-to-IDE
10 interconnect circuitry implemented in one embodiment of the present
invention. '



interconnect. FIGURE 3 is a gate level circuit diagramof the PCl-to-1DE 10

i nterconnegio §dd4p68 try i1 npl emented in one enbodi ment of the ppesRRbsorTIzs
i nvention. DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON A mel'?ﬁod and

apparatus are provided for operating a peripheral add-in card in a conputer
systemw th PCl-conpliant expansion slots where the peripheral add-in card
requires certain control signals not 5 avai |l abl e under the PCl protocol.
In this detail ed description, one enbodi ment of a conputer system which
includes a PCl bus and PCl- conpliant expapsion slots is described. The
system al so i ncludes a secondary |1/0O bus described with reference to the
| SA or ElI SA bus standards. It should be understood that this is for the

pur pose of illus ' 0 RSN To\ A ded &S -3 At Q0 Aagt Nat
t he present i nveAﬂ' DEé%'Fﬁ" : SENT ‘7;!;_ :
I's desirable to utilize an add- in card not accommpdated by a given bus
st andar d. A method and apparatus are provided for operating a peripheral

add-in card in a computer system with PCl-compliant expansion slots
where the peripheral add-in card requires certain control signals not
5 available under the PCI protocol. In this detailed description, one

embodiment of a computer system which includes a PCI bus and PCI-
compliant expansion slots is described. The system also includes a
secondary I/O bus described with reference to the ISA or EISA bus
standards. It should be understood that this is for the purpose of illustration

10 andis not provided as a limitation in that the present invention may be
practiced on other computer systems where it is desirable to utilize an add-
in card not accommodated by a given bus standard.

Throughout this detailed description, numerous specific details are

set forth such as particular signal names, bus protocols and resistor values,

15 in order to provide a thorough understanding of the present invention. It
will be appreciated by one having ordinary skill in the art that the present
invention may be practiced without such specific details. In other instances,
well-known components, structures and techniques have not been
described in detail in order to avoid obscuring the subject matter of the

20 present invention. in addition, signal names identified in this detailed
description are not intended to convey the active state of a given signal
(active high or active low) but are simply used to name interface signals for
discussion.

Referring now to Fig. 1, a computer system architecture which may
25 incorporate the present invention is illustrated. The computer system
architecture of Fig. 1 is illustrated so as to highlight the hierarchical bus
organization of the architecture. It can be seen that the computer system's
central processing unit (CPU) 10 communicates with its SRAM cache 15



Throughout this detailed description, numerous specific details are set
forth such .as particular signal nanes, bus protocols and resistor val ues,
15 in ordeo9smagesovi de a t horough understandi ng of the pres®QI/UIPSEHAIIBon.
tt will be appreciated by one having ordinary skill in the art that the
present invention nmay be practiced w thout such specific details. In other

I nstances, well-known conponents, structures and techni ques have not been
described in detail in order to avoid obscuring the subject matter of the
20 present invention. In addition, signal nanes identified in this
detail ed description are not intended to €bnvey the active state of a given
signal (active high or active low) but are sinply used to name interface
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computing associated with whatever type of processor is implemented for

CPU 10.

In some computer system architectures, the computer system's main
memory will be directly coupled to the processor Host bus. In the illustrated
implementation, the DRAM main memory 18 is coupled to the Host bus

10  through the Host/PCl bus bridge 25. The Host/PCI bus bridge 25 is used as
a bridge between the Host bus 20 and the system's PCl bus 30. The PCI
bus, as described above, serves as the primary /O bus and was designed
to address the growing industry needs for a standardized local bus that is .
not directly dependent on the speed and size of a computer system's

15 processor bus. The PCl bus 30 as illustrated in Fig. 1 is shown separated
into control lines 31 and address/data lines 32. The Host/PCl bus bridge
25 monitors the Host bus 20 and the PCI bus lines 31 and 32 and
determines whether a transaction is designated for the computer system's
‘main memory system 18 or whether a CPU request should be propagated

20 down the hierarchy of buses, the next step being down to the PCl bus 30.

There is shown coupled to the PCI bus 30 in Fig. 1 three PCl slots
36, 37 and 38 for receiving peripheral device designed to be compliant with
the PCI bus standard. Such add-in cards may include graphics
accelerators, disk drive controllers, and other speed sensitive peripherals
25 which may take advantage of the abilities of the PCI local bus 30. There is
also shown coupled between the address/data lines 32 of the PCl bus and
the Host bus a collection of buffers, denoted LBX buffers 34 which are used
to buffer data transfers between the two buses 20 and 30. The buffers 34
are implemented to compensate for the varying speeds that the two buses
30 may be operating at and enhance system performance by allowing for



-8- over a Host bus 20. In one enbodi nent, the Host bus 20 includes control
lines 21, address lines 22 and data lines 23. In other enbodi nents, the
addr ess anWod#t34065i nes nmay be nultipl exed to share conmon sidﬁaWU%épﬁgﬁ A
Host -bus is usually designed to neet the needs of high performance 5
conputing associated with whatever type of processor is inplenmented for CPU
10. In sone conputer system architectures, the conputer system s nmain
menory will be directly coupled to the processor Host bus. In the
illustrated inplenmentation, the DRAM nain nenory 18 is coupled to the Host
bus 10 through the Host/PCl bus bridge 259- The Host/PCl bus bridge 25 is
used as a bridge between the Host bus 20 and the system s PCI bus 30. The

PCl 335 as desmgurkentyabetesers tite/ lostbub 29 and Imzlybuds(,(gi\gulg emﬂl %v&aterﬁsi gned
to address t | t r standardi zed | ocal bus that is
not di re'ctlyh@é%@ﬁ@é’%pgﬂ%ﬁea%ﬁggggiﬁ%%yge of a conputer system s 15
processor bus. The_PCl bus 30 as illustrated in Fig. 1 is shown separated
into control |inesTBeraimfinaly skewadoFig: leg ssrondey HEsPuPA0 WREhHR| dge 25

moni tors the Afshalive etlbdditndits sy beUS pletiBAgral /@ Bis TonapIrard Vit fgnes
whet her a5t ral%SA? %tr IE?gAI éstacri'ngz} srj%treoC%hLP Ee}igﬁelpa?%Bgts?erxnggrsdg.e%osupled to the
IO bus 40 are four I/O slots 41, 42, 43 and 44 which may be used for
receiving various peripherals. On-board peripherals 45 such as floppy disk
drives, hard disk drives equipped with an IDE standard interconnect, and
other peripherals normally associated with computer systems are often
10 designed right on the system's motherboard and do not require an /O slot
which are provided for other add-in card upgrades. The on-board
peripherals 45 do electrically reside and the secondary I/0 bus 40. In
general, the 1/0 bus 40 is a slower bus than the PCi bus 30 but is still
included in newer computer systems to maintain compatibility with
15 previously designed peripherals.

Having both an ISA bus and a PCI bus allows personal computer

platforms built around the PCI bus as a primary I/O bus to leverage the
large ISA product base. The ISA bus provides 24-bit addressing and a 16-
bit datapath. An EISA I/O bus allows a personal computer platform built

20 around the PCI bus as a primary /O bus to leverage the large EISA/ISA
product base. Along with compatibility for 16-bit and 8-bit ISA hardware
and software, the EISA bus provides for 32-bit addressing and a 32-bit
datapath. Of course, other secondary I/O buses may provide similar
features.

25 Coupled between the PCI bus 30 and the secondary I/O bus 40 of
the computer architecture of Fig. 1 is illustrated a bus bridge 35. The bus
bridge 35 may incorporate the logic for interfacing the secondary /O bus 40
with the PCI bus 30 as well as incorporating support for any necessary
DMA controllers and interrupt control logic. For example, if a traditional



mai n menory system 18 or whether a CPU request shoul d be propagated 20

down the hierarchy of buses, the next step being down to the PCl bus 30.
There is sSWOWM34eSpl ed to the PCl bus 30 in Fig. 1 three PCl POTHYSAHI3I 37
and 38 for receiving peripheral device designed to be conpliant with the
PCl bus standard. Such add-in cards may include graphics accelerators, disk
drive controllers, and other speed sensitive peripherals 25 whi ch may

t ake advantage of the abilities of the PCI |ocal bus 30. There is al so
shown coupl ed between the address/data |ines 32 of the PCl bus and the Host
bus a collection of buffers, denoted LBX 4@Ffers 34 which are used to
buffer data transfers between the two buses 20 and 30. The buffers 34 are
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5 interrupt, it will vector to the necessary code for accessing the hard disk

drive. When the IDE hard disk drive is active, it will also output a signal,
HDACTIVE, which is used to illuminate an LED which indicates to the
system user that the hard disk drive is active. Finally, as was described
above, when an IDE disk drive is active on the I/O bus 40, a shared portion

10  of the transaction is carried out by the floppy disk drive controller which may
be in one of the other I/O slots or separately connected to the /O bus. The
floppy disk drive interface provides the DSKCHG signal required for the
transaction.

it can be seen from the above that to effectively utilize a hard disk
15 drive having an IDE interconnect, it is necessary that the IDE add-in card be
able to provide an interrupt signal to IRQ 14, receive the DSKCHG signal
from a floppy drive, and preferably also to be able to provide the
HDACTIVE signal to illuminate the hard disk active indicating LED.

The emerging PCI local bus standard provides for a different IO

20 interrupt mechanism than the secondary I/O buses utilize, thus allowing a
computer system to continue to exploit the existing product base for ISA
and EISA designed peripherals. Referring now to Fig. 2, a signal
designation diagram is shown for a PC| compliant device. Numbers
indicated within the device along side a particular signal line represent pin-

25 out designations for one embodiment implementing a PCl interface. In
addition to providing address and data signal lines, it can be seen that the
PCl interface provides for four interrupts, INTA#, INTB#, INTC#, and INTD#.
Each PClI slot on a system motherboard designed around the PCI bus
should include these interrupt lines. It can be seen that there is no special

30 designation for such a signal as the IRQ 14 interrupt signal required by an



5 1 SA or ElI SA standards, or other peripheral bus standards. Coupled to the
I /O bus 40 are four I/O slots 41, 42, 43 and 44 which may be ysed faor

recei vi ng PRYHI6 f)erl pheral s. On- boar d peri pheral s 45 such atsi’cfrlf%ﬁ?wﬂaf’sk
drives, hard d| sk drives equi pped with an |IDE standard i nterconnect, and

ot her peripherals normally associated with conputer systens are often 10
desi gned right on the system s notherboard and do not require an |/ O sl ot
whi ch are provided for other add-in card upgrades. The on-board peripherals
45 do electrically reside and the secondar | /O bus 40. In general, the I/0O
bus 40 is a slower bus than the PCl bus 30 But Is still i-ncluded in newer
conput er syst mai nt al conpatibility with 15 previ ously desi gned
peri pheral s. ﬁgEl %@d*ﬂfbpﬁf%n nﬁhsﬂ £AQ ke peenphat ng PMS'EQr'§dﬁﬁ¢e &nput er

pl atforns bui hmpnatmgntlet%KBGlG lign#Sremi ﬂappy driv®td e IDE lcaveimeasPChe

bi 1 dat apat h. 0 a8 198 0L EREEES HobEBicdetihafivts RS M RGLG 1L 20

around t he PCispegHicatioa lpranaa@fyntselbdbes rod previdedge implententing 2n3BE sdd-

product base. jAcaRdohid P %ﬁt'é %ﬁ, gbit and 8-bit |SA hardware
and software, the ElISA bus provi I't addressing and a 32-bit
datapath. O course, other secondargl I/O buses, may provide simlar

An important aspect ¢f the present invention is to provide a

mechanism for utilizing an IDE compliant add-in card in a computer
system’'s PCI slot where the PCI slot is fully PCl-compliant and will work
normally with any other PCI| add-in card. This is effected by recognizing
10  that during normal computer system operation, certain pins in the PCI
specification are not utilized. Fig. 2 shows that the PCl standard
designates a series of test pins, preferably compliant with the JTAG test
platform (IEEE specification 1149.1). During normal system operation, the
test pins should not be utilized and under the PCI specification are to be left
16 inactive. One of these pins is designated the TCK signal which is shown
ordinarily as a clock input to the PCI compliant device during test
operations. The PCI specification does not provide for any unused pins,
but as can be seen from the illustration of Fig. 2, a number of pins in some
implementations have been designated as reserved. These include the
20 © RSVD1 pin indicated at pin-out 17, RSVD2 pin at pin-out 20 and the
RSVD3 pin at pin-out 21. Others may be included that are not illustrated.

It is possible to design a computer system having fully PCl-compliant
PCl expansion slots, while also taking advantage of the several otherwise
unutilized pins to implement an IDE add-in card in one of the PClI siots. If
25 done properly, the affected PCI slot will still operate normally with any PCI-
compliant add-in card, and will also provide support for utilizing a suitably
configured IDE add-in card on the PCl bus. The IDE card will still have to
be designed with the PCI address/data transfer protocols observed.



features. 25 Coupl ed between the PCI bus 30 and the secondary I/0O
bus 40 of the conputer architecture of Fig. 1 is illustrated a bus bridge
35. The bugolghshge 35 may i ncorporate the | ogic for interfacPol/usas07133
secondary /O bus 40 with the PCI bus 30 as well as incorporating support
for any necessary DVA controllers and interrupt control |ogic. For exanple,
if a traditional hard di sk drive having an I DE i nterconnect is present
inl1/Oslot 41 and that IDE drive requests a transaction with the CPU, the
IDE drive will signal an interrupt, I1RQ 14, which will be recogni zed as a
primary hard di sk drive access by the systgm Wen the conputer system
recogni zes an 1RQ 14 5 interrupt, it wll vector to the necessary code

for accessing the ﬁéfé?n g%ﬁw‘% l,VErgaw@eoéP%.rean@ l%'ﬁﬂb’lllw@tra@cﬁfﬁrl ve,

t |1 | t LED
Lo e ity To3t Sl Ut syt b S Gar 9, Crareth BhCas"

Finally, as VBE deadhicaed préses, inehPCIdonhBEtatisidt. dThere issshasn vchgu. 3 he
H (C))pg;sdf'gk garqsq/hgbggqﬁ?lgﬁt o&%%rgﬁéﬁ@gﬂg LRSS E B 1 %brhgiid ddvide, BHaPYDENE
5 add-in card equipped with a pin'compatible PCI connector. The pin

compatible connector will, for example, route the IDE address and data
output signals through the PCI specified address and data lines. The IDE-
ready connector will also take advantage of the pins described above
which are not normally utilized by a PCl device.

10 The recognition of an IDE device in a PCI slot will be performed by
the computer system based on the circuitry shown on the motherboard.
The IDE add-in card will indicate its presence by activating a signal through
output pin 4 which as described above, is normally an input for the TCK
clock signal in the PCI specification. Alternatively, this signal may also be
15 connected to an I/O port that the CPU may read to determine if a suitably
configured IDE add-in card is present. The system motherboard will be
equipped with a pull-up resistor 52 so that when no IDE card is present, an
inactive TTL-high signal will be visible at the node 53. In the illustrated
embodiment, a small resistance value of 6.8K ohms is suggested to serve
20 as a very weak pull-up which can easily be overcome should other devices
utilize this pin. The IDE interconnect will also exploit three of the reserved
pins described above, RSVD1 output through pin 17, RSVD2 output
through pin 20 and RSVD3 as an input through pin 21. Pull-up resistors 54
and 55 will also be implemented on the system motherboard to maintain
25 PCl compliance when no IDE device is present in the PCI connector 50.

When no IDE device is present in the PC! connector, an on-board
hard disk drive present on the secondary /O bus will output its interrupt
signal as IRQ 14 which is recognized as the primary hard disk drive
interrupt by the computer system's BIOS. The interrupt will be propagated

30 through gate 60 and open collector 61 so that normal hard disk drive



be in one of the other /O slots or separately connected to the /0O bus.

The floppy,disk drive interface provides the DSKCHG si gnal t he
transacti oo 9I5{34%g§n be seen fromthe above that to effectivel WS%@@&

hard disk 15 drive having an IDE interconnect, it is necessary that the
| DE add-in card be able to provide an interrupt signal to IRQ 14, receive
t he DSKCHG signal froma floppy drive, and preferably also to be able to
provi de the HDACTI VE signal to illumnate the hard di sk active indicating
LED. The emerging PCl |ocal bus standard géovrdes for a different 1/0 20
‘interrupt nechanismthan the secondary |/O"buses utilize, thus allowi ng a

t t. to co nue to exploit the existin roduct base for | SA
o015 SLSTERAATRAC 8 JOR ot 08 o o il v
de;slhgnat lhondd?egcanne@tosmmni Wil rdriveRfd |n¢@mi tr@uI u:ﬂ@h’ﬂ otgh pbiunb?er Thendi cat ed
wi thin e . _shana ine r n
out desi gnat esener B the IR AR el ek el RonneRfy 5 hEF Alp S g aR”
addition to Radvedonyprassnesssignal tﬂmoraglmoglmw*t pinnde svhicin w:urprbpagatm t hat

he PCl d
the | gt egﬁf’cﬁfqrpfrfé’in%ﬂer%@ tBQHE tﬁ rr‘rtﬁjtf?g 54 %3) N revieh: egﬁs

| NTD#. Each on syst em not around t he

shoul d i ncl uo@qrﬁéﬁdrqﬁ%ﬂﬂﬁﬁtmﬂ ﬂlésffomtb%%@l PBSSe éh"qqﬂi't hatgatei s no
speci al Interrupts output from the IDE card through pin 17 will be propagated

through gate 65 which receives the enable signal due to the presence
signal propagated through pin 4. The IDE interrupts will then be routed

10  through the open collector 61 and out as the IRQ 14 hard disk drive
interrupt. Similarly, when an IDE add-in card is present in the PCIi
connector, the presence signal will activate gate 67 for receiving the
DSKCHG signal through RSVD3 pin 21, this signal being needed for the
reasons described above.

15 It is possible that the computer system may include a hard disk drive
on the system's secondary I/O bus 40 when an IDE add-in card is added to
PCI connector 50. In this case, it is necessary to handle interrupts that may
be generated by that hard disk drive. When the presence signal is active
from the PCI connector 50, an enable signal is provided to gate 70 which

20 routes the second hard disk drive interrupt output through open collector 71
and provides the signal to the system's interrupt controller as IRQ 15, which
is recognized as a secondary hard disk drive interrupt. This portion of
circuitry is also equipped with a pull up resistor 73 so that no spurious

_ signals are present on IRQ 15 when an IDE card is not present in connector

25 50. Finally, it is convenient to use the RSVD2 signal through output pin 20
to provide the HDACTIVE signal when the IDE card is active. This signal is
propagated through open collector 75 to provide the HDACTIVE signal to
the computer system's hard disk drive active indicating LED. The open
collector 75 may alternatively be implemented as a tri-statable gate

30 controlled by the TCK signal (shown by a dashed connection).



30 designation for such a signal as the IRQ 14 interrupt signal required
by an -11- IDE add-in card. Simlarly, it can be seen that no provision
is made fwo9smanés ing the DSKCHG signal froma floppy drive PoTAIS9S/0A3%ar d
tn a PCl slot nor is there an HDACTI VE out put pin designation. Thus, the
PCl specification in and of itself does not provide for inplenenting an | DE
add- 5 in card on a PCl conpliant expansion slot. An inportant aspect of
the present invention is to provide a mechanismfor utilizing an |IDE
conpliant add-in card in a conputer system's PCl slot where the PCl slot is
fully PCl-conpliant and will work nornmal t44-w th any other PCl add-in card.
This is effected by recognizing 10 that during normal conputer system

operation, certai Froithd AoV, iPEhn RS Bt e R CrelRlari EbmpREnt POD. 2
shows that the CID,CI andard g, | gnat es ﬁehl Ff t est Hﬁ': ns, preferably
comp! i ant wi A ReadRediq e PR 31 ackihe B2 poraRGinsIBIBEINES oy | ng
normal syst edetiped dyi thie, PChepeeititatiom svithoat intbdifitatien. uttiis iondyl wareth amdBE t he
PQ speci Ti cahgR & i QtifSed fif the PCI connector 50 that the operation of the
5 present invention occurs. In alternative embodiments, other unutilized pins

may be substituted for those described above. Further, different resistor

values may be utilized for the pull up resistors than those indicated. Of

course, low and high signals may be swapped to support alternative

implementations. '

10 There has thus been described a mechanism for util'izing an IDE
add-in card in a PCI compliant expansion slot in a computer system
equipped with a PCI bus. Although the present invention has been
described in terms of various embodiments, it will be appreciated by those
skilled in the art that various modifications and alterations might be made

15  without departing from the spirit and scope of the present invention. The
invention should, therefore, be measured in terms of the claims which
follow.



15 inactive. One of these pins is designated the TCK signal which is shown
ordinaril y as a cI ock input to the PCl conpliant device duri ng t est
operationsW speC| fication does not provide for any unfiSPYSRVHEI3 put

as can be seen m t he THustrati on of Fig. 2, a nunber of pins in sone

I mpl enent atlonls/m mﬂr nated as reservgd—These Tnctude the 20

RSVD1 pin indic ”ﬂﬂ 17, RSVD2 pin at] pi RERBLACEDSHERESRSVERG
pin at pin-out 21. CIhef's Fray* e included that |are not illustrated., It is -
possi bl e to design a conputer system havi ng f ul|lH/PeRsrPios RS- -pclo paged ......
expansion slots, while also taking advant é&e’ of\E(ﬁalrs(e)vereﬂ zsed hé?wlosmged 3C
unutilized pins to inplenment an | DE add-in cardgnr@_mg@f ;:Tuaﬁ‘d ,,,,,,, g&; d lf,,,

25 done properly, the affected PCl slot w |l er nor-rra
any PCl- conpliant add-in card, and w | ﬁ) @qupg’ §‘€ """ uotg‘i"i zi"rig"'

a suitably configured IDE add-in card on the PCr—bus—The TDE card W1
still have toWieatdeslajnet igith the PCl address/data transfer protocols
observed. Referring nowto Fig. 3, a gate level.-circuit diagramis
illustrated for a circuitry that allows a conputer system notherboard to
operate with an

1. A computer system comprising:
5 a central processing unit (CPU);

a host bus coupled to the CPU for conveying signals to and from the
CPU;

a primary I/O bus compliant with a first bus standard for providing a
communications path between the computer system and peripheral
10 devices;

a bus bridge coupled between the host bus and the primary I/O bus
for routing transactions between the buses;

a bus connector coupled to the primary I/O bus for connecting a
peripheral device to the primary I/O bus; and

15 circuitry coupled to the bus connector for allowing the use of a
peripheral device in said bus connector wherein the peripheral device
requires signaling capabilities not provided for by said first bus standard.

2. The computer system of claim 1 wherein the first bus standard
20 is the Peripheral Component Interconnect (PCl) bus standard and the
peripheral device is a hard disk drive utilizing an Integrated Drive
Electronics (IDE) interface.
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| DE add-in card present in a PE—eennector slot. There is shown in Fig. 3
one PCl connector 50 for receiyj Lther a PCl conpliant device, or an |IDE
5 add-i Ry63kGsgRe W pped Wi th Hm MHMM,IPCI connect or pcThss9s07133
conpati bl e connector will, for ex e he | DE address and data

out put signals through the PCl specifieg addré&ss and data lines. The |DE-
ready connector will also take advantage of the pins described above which
are not normally utilized by a PCl device. 10 The recognition of an
| DE device in a PCl slot will be perforned by the conputer system based on
the circuitry shown on the notherboard. Thﬁ_IDE add-in card wll indicate
Its presence by activating a signal through output pin 4 which as descri bed
above, is normally an input for the TCK clock signal in the PC
specification. Alternatively, this signal may al so be 15 connected to an

/O port that the CPU nmay read to determne if a suitably configured IDE
add-in card is predsent. Thacogymtensysteecbotaint 2uwihergin heuypheadnieetar a

pul | -up resi ; ; ' t ' iV

L hi'Bh o onal e B PR PERnES e T BEMpl e PERTER! uriber coRfisIRy
enbodi nent, a small resistance val ue of 6, 8K g,hms IS suggested to, serve 20
as a very weak pul? PIRS&IReHORaNIRG SPHPIaskt,d dirslobks SRBUSCIOhPHEPUevi ces
utilize tHi s whaereinltree fildf bust corrmotecpinvoll isad pin-euphoi tséddaengfndrinal

reserved computer system operation according to the PCI bus standard;

an IDE interrupt signal line coupled to a second bus connector pin-
out wherein the second bus connector pin-out is a pin-out not used during
normal computer system operation according to the PCI bus standard; and

10 ~ a first control gate coupled to the IDE interrupt signal line and
responsive to the presence signal line for steering an IDE interrupt signal
on said IDE interrupt signal line as the system's primary hard disk drive
interrupt.

15 4, The computer system of claim 3 further comprising:
a floppy disk drive controller for providing a DSKCHG output signal;

a DSKCHG signal receiving line coupled to a third bus connector
pin-out wherein the third bus connector pin-out is a pin-out not used during
normal computer system operation according to the PCI bus standard; and

20 a second control gate coupled between the DSKCHG output signal
and the DSKCHG signal receiving line, the second control gate for steering
the DSKCHG signal to the third bus connector pin-out responsive to the
presence signal line.
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pi ns descri bed above, RSvDi—output Through pin 17, RSVD2 output through pin

20 and RSB 9634088 | nput lw"“Eul | -up resistors Sé¢candesories | |
al so be inplenmented on t ﬂm\ﬂ I““I“I ard to maintain 25 PCl
conpl’i ance when no IDE dewice i$ pfesent*in the PCl connector 50. Wen

| DE device is present in the PCI connector, an on-board hard disk drive
present on the secondary I/O bus will output its interrupt signal as |IRQ 14
which is recognized as the primary hard disk drive interrupt by the

conputer systemis BICS. The interrupt w Lk{7zbe propagated 30

60 and open coIIector 61 so that normal hard disk drive interrupts,

14, are visible. v‘%% | ??fms connect or
50, it will drive |ts mterruEt ou%yé&t@:r'gj fr(é)lﬁn'ﬁqH 5 présence of the

| DE add-in card in the PC onnector. 50 will also send an active | ow
t‘%ﬂ’[e

presence signal t Rrd@ghdis

Inverter 62 to the enable input of gate 60. This prevents the on-

hard disk drive | BQhai dirivenabtive gigres dine d¢dupded o Ehfaurthahes conbector pirs
output from peahlo GHid nabd UK a8 abfivihdicBfing iGRARF Hviding a signal

5

10

15

20

to activate the hard disk drive active indicating light when the peripheral
device is active, the fourth bus connector pin-out being a pin-out not used
during normal computer system operation according to the PCI bus
standard.

6. The computer system of claim 4 further comprising a third
control gate responsive to the presence signal line for preventing a hard
disk drive interrupt from being supplied to the computer system as a
primary hard disk drive interrupt when the source of the hard disk drive
interrupt is not from the bus connector coupled to the primary I/O bus.

7. The computer system of claim 6 further comprising a fourth
control gate responsive the presence signal line for steering hard disk drive
interrupt signals not from the bus connector coupled to the primary IO bus
as the computer system's secondary hard disk drive interrupt.

8. The computer system of claim 9 further comprising:

a fist open collector coupled to the output of the third control gate;
and

-_—
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t hrough gate 65 which r m i ves the enabl € si gnal due to the presence signal

propagat ed through pin ﬂ,l m,”m””nrpts wll then be routed 10
t hr ough t womss16sol | ec the 1RQ 14 hard di sRCIUSPE/07133

interrupt. Simlarly, when an DE add-i*n card s present in the PCl
connector, the presence signal mnll activate gate 67 for receiving the
DSKCHG si gnal through RSVD3 pin 21, this signal being needed for the
reasons descri bed above. 15 It is possible that the conputer system
may include a hard disk drive on the systemls secondary 1/0O bus 40 when an
| DE add-in card is added to PCl connector-189. In this case, it is necessary
to handle interrupts that may be generated by that hard disk drive. \Wen

the presence signah detonel dpeh tbmeBtbheoibleda8tRe GuapuHE) tharfoerAkdantadlgnal
is provided to gate 70 which 20 routes the second hard disk drive

i nterrupt out 't hrough open collector 71 and provides the signal to the
system s interrupt controller as IRQ 15, which is recognized as a secondary
hard di sk drive i nmlereiptthe'lﬁr'ssapdrsteioond(ﬁpefri caligators albovaferotheggharingdofa t h

2 Pull up « esiis! QP sha By LAKSS RIS hakP SR inémie. 15

when an | DE card not resent’ 1 n connec
conveni ent_ to use the RSVD2 signal through output pin 20 to provide the
HDACTI VE S gnal when the IDE card is active. This signal is

9. The computer system of claim 8 further comprising:
a first pull-up resistor coupled to the presence signal line;

a second pull-up resistor coupled to the hard disk drive active signal
line; and

10 a third pull-up resistor coupled to the IDE interrupt signal line.

10. The computer system of claim 9 further comprising a fourth
pull-up resistor coupled to the output of said fourth control-gate.

15 11.  The computer system of claim 2 wherein the bus connector is
fully compliant to receive PCl-compliant add-in cards.

12.  The computer system of claim 3 wherein the first bus
connector pin-out comprises the pin designated as the TCK input according
20 to the PCI bus standard.

I ————— ——
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pr opagat ed through open M, ctor ovi de the HDACTI VE signal to the

conput er 3ypleeRlgeshard uﬁﬂﬂm i ndi cati ng LED. The p@fsespisifct or
ﬂltrl statable gate 30 controlled
as

75 may alternatively be

by thHe TCK signal (shown by a Hedscdhnectlon) From the above, it can
be seen that when a regularly conpliant PCI card is added to the PCl
connector 50, the PCl connections remain as defined by the PC
specification without nodification. It is only when an |IDE add-in card is
utilized in the PCl connector 50 that theqgperation of the 5 pr esent

I nvention occurs. In alternative enbodi ments, other unutilized pins may be

substituted for thpse d r It L8

may be utilized fofr)§t he?g%ﬁ&ﬁ&@gg&gpﬁ? 'Echr% hos% rﬁﬁ'ﬁe 3?@93‘5 (C)ﬁ"'rg‘a%ﬁti

| ow and hi gh feughRdus W%%mﬂop@'@ wnpuppcresemadepmwamrdm tonttnet BE ons.
10 Thaye Srandbhygs been described a nmechanismfor utilizing an | DE

add-in card in a PCl conpliant expansion slot in a conputer system equi pped
with a PCl bus. Although the present invention has been

5 14. A method of utilizing a hard disk drive having an IDE interface
in a PCl-compliant expansion slot comprising the steps of:

signaling the presence of an IDE add-in card in the PCl-compliant
slot by providing an active signal on a first output of the add-in card;

steering the IDE interrupts from a second output of the IDE add-in
10 card through enabled gates to the computer system's primary hard disk
drive interrupt;

signaling an active signal from a third output of the IDE add-in card
to the computer system's disk drive active fight when the IDE card is active;
and

15 steering a floppy drive controller DSKCHG signal to-the PCI-
compliant slot.

15.  The method of claim 14 further comprising the step of steering
a hard disk drive interrupt from a non-PCI siot to the computer system's
20 secondary hard disk drive interrupt.

16. The method of claim 15 further comprising the step of lightly
pulling up the first, second and third outputs of the PCl slot.
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described in terns of various enbodinents, it wll be appreciated by those
skilled i an§§/3§6675 that various nodifications and alterati oneorggysiobssnade
15 without departing fromthe spirit and scope of the present invention.
The i'nvention should, therefore, be neasured in terns of the clains which

fol I ow. 1 1. A conputer system conprising: 2 a central
processing unit (CPU); 3 a host bus conpliant wwth a first bus
standard and coupled to the CPU 4 for conveying signals to and fromthe
CPU; 5 an 1/0 bus conpliant with a Peripheral Conponent 6

Interface (PCl) bus standard and having standard PCl slots for providing a
7 communi cati ons path between the conputer system and PCl conpatible 8
devi ces; 9 a bus bridge campl ed between the host bus and the 1/0
bus for 10 routing transactions between said host bus and the 1/0 bus; 11
a PCl bus connector coupled to the 1/0 bus for connecting one

CPU ~10
Host Bus 20 A T t
21— ”.‘\‘ * * Control >
2 i : Address >
b 1 1
23— X - h 4 Data >
Latch
Y
’ < 25~ Host/PCI <____’Add1' Main
e (SclgcAlﬁ Bus Memlory ~34
) (< » Bridge |gControlyl (DRAM)
f LBX Control
0
- /\/3 Address Data
us
31—ty Control

y _f |1
Address/Data l t l i il >
Bus |~35 PCI PCl PCI
Bridge Slot Slot Slot

i 36 375 38;

/O Bus 1 ; i
(ISA or EISA)

On-Board
Peripherals

45 41; 427 /O Slots {43 {44

L

el T
e d

Figure 1



12
and 14

15 perip
requires 16
standard, the 17
Vi a one or
bus standard. 1
peri pheral device
El ectronics (1 DE)
2 wherein the PC

of the peripheral

hESHpidgE,

nore pins 18

devices to the standard PC
coupled to the PCl bus connector for alloyRaisyasnss 2
ice in said bus connector when the periphera I
signaling capabilities not provided for by the PC
circuitry receiving signals fromthe PCl
that are included in and not defined by the PCl

slots of the I/0 bus; 13
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bus connect or
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8 conputer system operation

a first coM@P8P40§at e coupled to the IDE interrupt signal
r steering an | DE interrupt

ine as the systemis primary hard

The conputer systemof claim3 further

respansive 10 to the presenc
signal on said IDE 11 interr
di sk drive interrupt. 1
conprising: 2
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the PCl bus standard; and 6
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7 system operation according to the PCl bus steand&Em;Aq:EMENT SHEETYhe SG

‘comput er system of Mher conprising a Rl Ddscription o paggdt.s.. to paged ..~

responsive tothe p S\L\m line for preve rua’(Tgim(d)ar o palgealk 1t peged 13
17 3 int erruﬂ“ &mﬂm plied to the cong utpprmﬁg@m paged DI toTpbyed .. .
hard disk 4 er r uipt when the source off thaphpdcel di phgedr.-Ve paged....
interrupt is nof fromthe PC bus connect or coupl ed to t e primary 1/0

bus. 1

fourth control 2 gate responsi ve the presence

TEBri 'l‘\H

7. The conput er system g§ claim é @é%ﬁﬁ%ﬁ NgA98

hard disk drive interrupt 3 signals not fromthe PCl bus connector

coupl ed to tGleAfEMStary |1/ O bus as the 4

conputer systenis secondary hard

disk drive interrupt. 1 8. The conputer systemof claim?7 further
conprising: 2 a fi-rst open collector coupled to the output of the
third control gate; and 3 a second open collector coupled to the
output of the fourth control gate, 4 wherein the first and second
open cqllectors allow for the sharing of the 5 conput er systenis prinmary
and sedohdary harld di s® ‘%ﬂ"f‘i?é‘t‘?"nﬁ)’éf@ﬁrﬁo@"Pnsmg
2 a central processing unit (CPU); -
3 a host bus compliant with a first bus standard and coupled to the CrPU
4  for conveying signals to and from the CPU;
5 an 1/0 bus compliant with a Peripheral Component
6 Interface (i’CI) bus standard and having standard PCI slots for providing a
7 communications path between the computer system and PCI compatible
8 devices; | :
9 a bus bridge coupled between the host bus ana the I/0 bus for
10 routing transactions between said host bus and the 1/0 bus;
11 a PCI bus connector coupled to the I/0 bus for connecting one
12 of the peripheral devices to the standard PCI slots of thée I/ 0 bus;
13 and
{14 circuitry coupled to the PCI bus connector for allowing use of a
15  peripheral device in said bus connector when the peripheral device requires
16  signaling capabilities not provided for by the PCI bus standard, the
17 circuitry ré,ceiving signals from the PCI bus connector via one or more pins
18  that are included in and not defined by the PCI bus standard.
1 2. The computer:system of claifn 1 wherein the peripheral device is a
2 hard disk drive utilizing an Integrated Drive Elec:tronics (IDE) interface.
REPLACEMENT SHEET
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1 f 9. The conputer—system-ef—claim 8 further conpfi

a first pull-up res he presence signal |ihef

second pul | -up resi "ﬂmmmaﬂ m‘be hard di sk drive act]i

4. and 5 a third pul k-up resistof, coupled to the |l

signal line. 1 10. The conputer syst emof claim

?onprising a fourth pull-up 2 resi stor coupled to the

ourth control ga The

the bus c"onnectort3rs theycgnputlegoﬁgﬂanﬁ Cﬁ% gvgﬁ%;grbg}e E%@%@n

cards. |1 2, com risés a ﬂﬁ hiutss YIsé 86Mpltet lspstendfurher ebmprisingt i 1 st bus
connectlor Sln out rises the pin designated as the TCK i nput
accordih@ t 0 the I@Cprelsesca&gnal;hfmmnbdbaffs bus CPB‘neCtﬂﬁ@'be%‘UhéFe'%%q em
of claijm the secon iRalPdbim

pi n-outp 41:3 \r,T\% ﬁﬁéﬁ}é%rﬁgﬂbng &%]dzdgéé)tl 3' s@%%da?%@h

operatlon according to the PCI bus standard,; .

an IDE interrupt signal line coupled to a second bus connector pin-out
wherein the second bus connector pin-out is a pin-out not used during normal
computer system operation according to the PCI bus standard; and

a first control gate coupled to the IDE interrupt signal line and responsive
to the presence signal line for steering an IDE interrupt signal on said IDE

© 0 N O

-
o

-
=N

_interrupt signal line as the system’s primary hard disk drive interrupt.

4, The computer system of claim 3 further comprising:

a floppy disk drive controller for providing a DSKCHG output signal;

a DSKCHG signal receiving line coupled to a third bus connector pin-out
wherein the third bus connector pin-out is a pin-out not used during normal
computer-system operation according to the PCl bus standard; and
| a second control gate coupled between the DSKCHG output signal and
the DSKCHG signal receiving line, the second control gate for steering the
DSKCHG signal to the third bus connector pin-out responsive to the presence

© 00 ~N O b WN

signal line.

5. The computer system of claim 4 further comprising:
a hard disk drive active indicating light; and
a hard drive active signal line coupled to a fourth bus connector pin-out
and to said hard disk drive active indicating light for providing a signal to activate
the hard disk drive active indicating light when the hard disk drive is active, the
" fourth bus connector pin-out being a pin-out not used during normal computer

N O OO W N -

system operation according to the PCI bus standard.

6. The computer system of claim 4 further comprising a third control
2 gate responsive to the presence signal line for preventing a hard disk drive

| AMENDED _SHEET




1 14REPIA GEMENT SHEBT| i zing a hard disk Wﬁg‘aﬂ*’rﬂ{-@grat ed
' A

Dri-ve 2 E|eftToni hterface in a Peripher w!mm””mmm; ace

(PClI) - conpl f aht 231 Jugx sipnf slot conprising the s
i nserting ap | DE add- i"r?égard i nto the PCIl-corrpI I ant expans‘i orf' slsot »
signalling gh an | DE add-in*ard in the PCl -conpliant 6
expansi on sfot by providing gn active signal on a first pin included in and

t 7 d b —Tonpttant devj 8 t ' | DE int t
from a bacorBtespS dron being sppiied; o the compuier,system a8 & SAMAY MarH itk e
in and ngt uRge iheérﬁ#@?m}ﬁsh-tﬁe@ah@;alftﬂév.waisk%rﬁfmﬁéﬁu t @knot fromt e/ PC

i nterrupt of the conputer system signalling an active signal
from a t&i r dys connectardedpled tarthie pdmang ¥O bys.t he 12 PCl - conpl i ant devi ces
to a disk drive active light of the conmputer systemwhen 13 the IDE add-in.

card is active; and 14 steering a floppy drive controller DSKCHG
signal fte the PC T.COWPThéaémP,ﬁter%&M bPBlafth & furthér omPHSING dfdurthnédnted | n
and notj used by the PCl-conpliant 16 device. 1 157  The net hod of

cl ai m 142 f urgate responsive ithey presenceepigoal knexfor sigedng hard sk drive intermpt
terr by 1T<ibhdls PR 56 o Bud oSAAEREullE Bo the brifdry YO B behe "

sai d cgnpu
4  computer system’s secondary hard disk drive interrupt.

1 8. The computer system of claim 7 further comprising:

2 a first open collector coupled to the output of the third control gate; and

3 a second open collector coupled to the output of the fourth control gate,

4 wherein the first and second open collectors allow for the sharing of the
5 computer system’s primary and secondary hard disk drive interrupts.

1 9. The computer system of claim 8 further comprising:

2 a first pull-up resistor coupled to the presence signal line;

3 a second pull-up resistor coupled to the hard disk drive active signal line;
4  and

5 a third pull-up resistor coupled to the IDE interrupt signal line.

1 10.  The computer system of ¢laim 9 further comprising a fourth pull-up

2 resistor coupled to the output of said fourth control gate.

1 11, The computer system of claim 2 wherein the bus connector is fully
2 compliant to receive PCl-compliant add-in cards.

1 " 12.  The cbmputer'system' of claim 3 wherein the first bus connector
2 pin-out comprises the pin designated as the TCK input according to the PCI bus
3 standard.

1 13. The computer system of claim 5 wherein the second, third and

1
i
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1 16. The nethod of claim15 further conprisi
lightly pulling 2 up the first, second and third oﬂ t“;"ii m ﬁ Il
slot. 17. The nethod of claim 14 wherein the first outs 0 a

connector pin designated as a TCK i nput 1agccordi ng to the PCl bus standard.

[\

fourth bus connector pin-outs comprise reserved pins according to the PCI bus

w

standard.

: 14. A method of utilizing a hard disk drive having an Integrated Drive
Electronics (IDE) interface in a Peripheral Component Interface (PCl)-compliant
expansion slot comprising the steps of:

inserting an IDE add-in card into the PCl-compliant expansion slot;

signalling the presence of an IDE add-in card in the PCl-compliant
expansion slot by providing an active signal on a first pin included in and not
used by PCl-compliant devices

steering IDE interrupts from a second output of the IDE add-in card via a
second pin included in and not used by the PCl-compliant devices to a hard disk

O 00 N &t o W N

=
o

drive interrupt of the computer system;

=
[

signalling an active signal from a third pin included in and not used by the
PCl-compliant devices to a disk drive active light of the computer system when
the IDE add-in card is active; and

steering a floppy drive controller DSKCHG signal to the PCl-compliant
expansion slot via a fourth pin included in and not used by the PCl-compliant

[
W N

[l
TS

[
=)

device.

1 15. The method of claim 14 further comprising the step of steering a
2 hard disk drive interrupt from a non-PCl slot to a secondary hard disk drive
3 interrupt in said computer system.

1 16. The method of claim 15 further comprising the step of lightly pulling
2 up the first, second and third outputs of the PCI slot.

1 17. The method of claim 14 wherein the first output is coupled to a
2 connector pin designated as a TCK input according to the PCI bus standard.
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