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EXPANSION SLOT ADAPTER WITH EMBEDDED
DATA DEVICE INTERFACE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to personal computer systems,
and more particularly to computer expansion slot adapt-
ers for providing additional connections to data devices.

2. Description of the Related Art

A typical personal computer is constructed with a
system board that includes the various elements com-
prising the primary digital electronics necessary for the
processing functions of the computer. The digital elec-
tronics are electrically connected to a common data bus
on the system board. Data devices such as video moni-
tors and data storage devices may also be connected to
the computer data bus. The storage devices include
hard disk drives, floppy disk drives, optical compact
disc (CD-ROM) devices, and magnetic tape drives.
Each data device typically includes a cable projecting
from the device cabinet and a controller circuit board
within the cabinet connected to the cable and provided
with a multiple-pin connector. Several multiple-pin
connector sockets, or expansion slots, are provided on
the system board for connection with the device circuit
board. A data device is connected to the data bus by
mounting the circuit board in one of the expansion slots
and connecting the device cable to the circuit board.

The system board expansion slots are electrically
connected to the data bus. When a data device is con-
nected to an expansion slot, data from the device is
passed along the cable to the device circuit board, the
data bus, the computer digital electronics, and other
data devices. That is, when data is passed from one
peripheral device to another, or to the digital electron-
ics of the computer, the data is passed along the data
bus.

Generally, one expansion slot is required for each
data device. Some personal computers are provided
with up to eight expansion slots. Other computers may
have more limited expansion slot capabilities. For exam-
ple, the IBM “PS§/2" computer has only three.

Many users want to connect a large number of de-
vices, such as additional monitors, storage devices, and
the like. Other devices that are fast becoming popular,
such as optical character readers, modems, and inter-
faces to other computer systems, also require expansion
slots. All of these devices are competing for the fixed
number of expansion slots on a personal computer.
Thus, there is often a need for connecting a data storage
device with a personal computer without decreasing
the number of expansion slots available for other de-
vices.

Each personal computer operates in accordance with
a particular data interface standard. For example, the
current interface standards that are in most widespread
use are known as the ST-506, ESDI, SCSI, and AT
interface standards. These standards prescribe the num-
ber of data lines to be used, the sequence and protocol
for data transfers, timing requirements, interrupt sig-
nals, and other technical specifications for data transfer.
The transfer of data between the computer and the
devices is accomplished in accordance with the inter-
face standard under the control of the basic input/out-
put system (BIOS) of the computer. The BIOS allows
the personal computer to communicate with the data
device. The data storage device that will be connected
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to the personal computer must include a device control-
ler having a BIOS that will be compatible with the
BIOS of the personal computer. The device controller
typically comprises a circuit board upon which digital
electronic components are mounted. The circuit board
includes electrical pin connectors that are inserted into
one of the expansion slots of the system board. Thus, the
device controller uses up another one of the expansion
slots of the system board. There is a need, therefore, for
a device controller that does not use up one of the ex-
pansion slots, leaving them free for other devices.

Another important feature of the personal computer
is its ability to be part of a network of computers, or a
Jocal area network (“LAN”) system. The computers in
a network can share information and tasks. LAN sys-
tems include a network circuit board that is connected
to an expansion slot on the computer system board, thus
using up yet another one of the expansion slots. There is
a need for a network interface for a LAN system pack-
age that provides compatibility with a LAN system but
that does not require a LAN network board connected
to an expansion slot of the computer.

SUMMARY OF THE INVENTION

The present invention provides a personal computer
system board expansion slot adapter for connecting a
data device to a personal computer, the adapter includ-
ing a system board connection to a data device without
using up one of the computer’s expansion slots and
including an embedded BIOS that is compatible with
the BIOS and data interface standard of the computer.
That is, even though the data device is connected to the
personal computer, the same number of expansion slots
are still available. Thus, the user gains the benefit of
connection between the personal computer and a data
device without decreasing the number of expansion
slots available. There is no need for a separate device
controller board, because the expansion slot adapter of
the present invention includes a BIOS that is compatible
with at least one of the more popular data interface
standards. The novel expansion slot adapter also pro-
vides an interface to a local area network (LAN) system
without the necessity of giving up an expansion slot for
a network interface board.

In the preferred embodiment of the present invention,
the adapter comprises a circuit board with system board
connector tabs for interfacing the board with a system
board expansion slot, a data device connector slot for
interfacing the adapter with a data storage device, a
plurality of expansion slots for connecting other periph-
eral devices to the adapter, and the digital electronics
necessary to implement the data device controller and a
BIOS for controlling and processing the transfer of data
between the computer and the data device. That is, the
present invention provides an expansion slot adapter
having an embedded device controller. The circuit
board also includes the digital electronics necessary for
supporting a LAN system without a LAN system net-
work board, thereby saving another one of the expan-
sion slots for use by a peripheral device.

Other features and advantages of the present inven-
tion will be appreciated from the following description
of the preferred embodiment, taken in conjunction with
the accompanying drawings, which illustrate by way of
example the principles of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a personal computer
with its cover removed, revealing the system board.

FIG. 2 is a perspective view of a preferred embodi-
ment of the present invention.

FIG. 3 is a block diagram of the present invention
showing the relationship between the personal com-
puter, the adapter, and the data storage device.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following detailed description is of the best pres-
ently contemplated mode of carrying out the invention
and is not to be taken in a limiting sense, but is made
merely for the purpose of illustrating the general princi-
ples of the invention. The scope of the invention is best
defined by the appended claims. Like reference numer-
als refer to like elements in the several drawings.

A personal computer 10, illustrated in FIG. 1, is an
IBM PS/2, but it is to be understood that the present
invention has applicability with many different personal
computers. Mounted on the system board are the com-
puter central processor unit 14, a power supply 16, and
an expansion slot adapter 18 in accordance with the
present invention. The electrical connections between
the central processor and the adapter comprise the data
bus of the personal computer. The expansion slot
adapter includes three expansion slots 20, 22, 24 for
connecting data devices to the computer, such as video
monitors, disk drives, and modems.

In the exemplary IBM PS/2, a structure known as a
riser arm is connected to the system board of the com-
puter. The riser arm has no data processing functions; it
simply facilitates the physical connection of data de-
vices to the computer by providing a plurality of expan-
sion slots connected to the data bus. The expansion slot
adapter 18 of the present invention completely takes the
- place of the riser arm connected to the system board 12.
Each of the expansion siots 20, 22, 24 in the adapter is
electrically connected to the personal computer data
bus. A disk drive data storage device 26 is also mounted
on the system board. The data device is connected to
the expansion slot adapter via a multi-wire flat cable 27
connected to a device tab connector slot 38 of the
adapter. It is to be understood that a wide variety of
data devices may be used, rather than a disk drive. As
explained more fully below, a separate device controller
board is not necessary as an intermediate connection
between the personal computer and the data storage
device.

An expansion slot adapter 18, constructed in accor-
dance with the present invention and shown in FIG. 2,
includes a circuit board 32 having integral multiple tab
connectors 34 that are inserted into a connector slot 35
of the system board 12 of the personal computer 10. The
connector slot would ordinarily receive the tab connec-
tors of a riser arm (not shown). As noted, however, the
adapter replaces the riser arm and therefore is con-
nected to the slot in its place. The adapter’s tab connec-
tors serve to connect the expansion slot adapter to the
computer data bus. The adapter also includes digital
processing circuitry for performing the desired data
interface functions. These functions include providing
the Basic Input Output System (BIOS) necessary to
support data exchange between the data storage device
26 and the other components connected to the com-
puter data bus, providing the device controller function

10

—

5

20

25

30

40

45

50

55

65

4

for supervising data transfer. Thus, the device 26 con-
troller function is embedded in the adapter, and the data
device may be directly connected to the computer 10
without a separate device controller board. Another
data interface function performed by the adapter is that
of providing an interface to a local area network (LAN)
system. That is, the LAN interface is provided without
a separate network board. In the embodiment illus-
trated, the data processing circuitry is provided in the
form of integrated circuits 36 having the necessary
computer instructions stored therein as non-volatile
ROM data.

When the personal computer is turned on, the central
processor 14 must be given information concerning the
configuration of the system, including the type of data
devices connected to the data bus. The integrated cir-
cuits 36 of the present invention and the data contained
therein provide this information. A source code listing
of the program containing the information is attached as
Appendix A. This informs the computer that a data
storage device is connected and supported, and that a
LAN system is installed and supported, for example.
The details of providing such information to the com-
puter are well within the abilities of those skilled in the
art. Some of the elements provided by the digital cir-
cuitry 36 of the present invention also include the data
registers necessary for use by the device controller and
the LAN system. These registers would ordinarily be
provided on separate circuit boards comprising a device
controller and network board, respectively. Thus, these
circuit boards, which would otherwise take up expan-
sion slots, are not necessary. Other registers may also be
provided. The LAN system sold by Novell, for exam-
ple, requires four additional registers. Ordinarily, these
registers would be supplied on a Novell-provided net-
work circuit board that would be inserted into one of
the expansion slots 20, 22, or 24. These registers, how-
ever, are already provided on the circuit board 32 of the
present invention, among those of the integrated cir-
cuits 36.

Another function that may be provided by the
adapter 18 is that of operating system compatibility. For
example, most personal computer systems make use of
an operating system known as “MS-DOS" (disk operat-
ing system) by Microsoft Corporation. Other systems,
such as the IBM PS/2, might use alternative systems,
such as “0S/2” by IBM. Generally, these systems are
not compatible. That is, programs and data files struc-
tured for use with one system data format will not be
used with the other operating system. The adapter 18 of
the present invention includes digital circuitry 36 that
provides a conversion function for compatibility be-
tween systems such as MS-DOS and OS/2. The conver-
sion routine itself is well within the abilities of those
skilled in the art. Again, this obviates the need for a
separate circuit board performing this function and
taking up an expansion slot.

As noted, the adapter 18 also includes a connector
slot 38 for connection to an associated data storage
device, such as the hard disk drive 26. In the case of the
IBM PS/2, for example, the adapter may be constructed
as a direct replacement for the riser arm supplied by
IBM that connects to the PS/2 system board. The IBM-
supplied riser arm provides three expansion slots. Thus,
the adapter of the present invention provides the same
number of expansion slots as the standard IBM PS/2
expansion slot adapter, even though the adapter of the
present invention also provides for direct connection to
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a disk drive storage device and the necessary disk con-
troller and BIOS. The three expansion slots 20, 22, 24
are connected to the computer’s data bus via the tab
connectors 34.

The relationship of the expansion slot adapter 18 of 5

the present invention to the other computer system
elements is best understood with reference to FIG. 3.
The expansion slot adapter is connected to the com-
puter processor unit 14 via the computer data bus 15.
The expansion slot adapter is connected to the data bus
and also directly to the hard disk data storage device 26.
The adapter includes an on-board BIOS 37 in its data
processing circuitry 36. That is, the adapter is con-
nected directly to the hard disk through its embedded
controller and not through one of the standard expan-
sion slots, and therefore does not require a separate disk
controller board. Therefore, the adapter does not use up
an expansion slot in communicating with the hard disk.
The three expansion slots 20, 22, and 24 allow three data

6
devices to be connected to the data bus of the computer.
Thus, there may actually be a net increase in the total
number of data devices available to the user. As illus-
trated, the adapter may also incorporate a LAN inter-
face 39 to support a LAN system that would otherwise
require a separate LAN board.

The present invention has been described above in
terms of a presently preferred embodiment so that an
understanding of the present invention may be con-
veyed. There are, however, many configurations not
specifically described herein, but with which the pres-
ent invention is applicable. Such other configurations
may be achieved by those skilled in the art in view of
the description herein. The present invention therefore
should not be seen as limited to the particular embodi-
ment described herein, but rather, it should be under-
stood that the present invention has wide applicability
with respect to computers and slot connectors.

APPENDIX A

"JUMPERS DEFINITION

PRIMARY ADDRESS 1F0~-1F7,
SECONDARY ADDRESS 170-177, 376-377

ROM ADDRESS SELECTION

PRIMARY/SECONDARY I/O SELECTION

3F6-3F7

LOGIC DISABLE

ENABLE ENTIRE ROM/IMBEDDED HARD DISK LOGIC
DISABLE LOGIC

" JP3 JP2

"

" OUT OUT C800H

" OUT IN CAOOH

" IN OUT CCOOH

" IN IN CEOOH

11

" JP4

"

" ouT

" IN

"

" JP5

”

" ouT

" IN

"
PIRA device

" inputs
RESET PIN
AEN PIN
A3 PIN
UPDEC1 PIN
UPDEC2 PIN
UPDEC PIN
A7 PIN
A8 PIN
A9 PIN
Al3 PIN
Al4 PIN
Alé6 PIN
Al7 PIN
PRISEL PIN
SMEMRD PIN

'P20L8"';

1; " SYSTEM RESET

2; " ADDRESS ENABLE

3; " SYSTEM ADDRESS 3

4; " SYSTEM ADDRESS 4,5 HI (/)

5; " SYSTEM ADDRESS 1,2 HI (/)
H " SYSTEM ADDRESS 15,18,19 HI
H " SYSTEM ADDRESS 7
H " SYSTEM ADDRESS 8
; " SYSTEM ADDRESS 9

10; " SYSTEM ADDRESS 13

11; " SYSTEM ADDRESS 14

13; " SYSTEM ADDRESS 16

14; "W SYSTEM ADDRESS 17

16; " PRIMARY/SECONDARY SELECT

17; " SYSTEM MEMORY READ (/)

(/)
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DIS_ PIN 21; " LOGIC DISABLE (/)
ROMSELO PIN 23; * ROM ADDRESS SELECT O
ROMSEL] PIN 20; " ROM ADDRESS SELECT 1
" QUTPUTS
RESET_ PIN 15; " SYSTEM RESET (/)
CsS1_ PIN 18; " CHIP SELECT 1 (/)
Cso_ PIN 19; " CHIP SELECT 0 (/)
ROMEN_ PIN 22; " ROM ENABLE (/)
# EQUATIONS
{RESET_ = RESET:
1CS0_ = ( !A3 & !A7 & A8 & !A9 & !AEN & DIS_ & !PRISEL
!UPDEC1_
# !A3 & A7 & A8 & !AS & !AEN & DIS_
& PRISEL & !UPDECl_):
1CS1_ = ( !A3 & !A7 & A8 & A9 & !AEN & DIS_ & !PRISEL &
UPDEC1_ & !UPDEC2_
# !A3 & A7 & A8 .& A9 & !AEN & DIS_ & PRISEL &
!UPDEC1_ & !UPDEC2_):;
IROMEN_ = ( !Al3 & !Al4 & !Al6 & !Al7 & !AEN & DIS_ & ROMSELO
& ROMSELl & !SMEMRD_ & !UPDEC_
# !A13 & Al4 & !Al6 & !A17 & !AEN & DIS_
& ROMSELO & !ROMSEL1l & !SMEMRD_
& !UPDEC_
# Al13 & !Al4 & !Al6 & !Al7 & !AEN & DIS_
& ROMSELO & ROMSELl & !SMEMRD_
& !UPDEC_
# Al3 & Al4 & !Al6 & !Al7 & !AEN & DIS_
& ROMSELO & ROMSELl & !SMEMRD_
& !UPDEC_):
END
I claim: 2. An expansion slot adapter as recited in claim 1,

1. A computer expansion slot adapter that is adapted
to connect a first data device to the computer and is
adapted to connect a plurality of other data devices
with the computer, the expansion slot adapter compris-
ing:

an adapter circuit board;

a data device slot connector mounted on the adapter
circuit board for directly connecting the first data
device to the adapter;

a plurality of expansion slot connectors mounted on
the adapter circuit board and adapted to connect
the adapter circuit board with the plurality of other
data devices;

a multiple-tab connector mounted on the adapter
circuit board and adapted to connect the adapter
circuit board with the computer; and

controller means, mounted on the adapter circuit
board and operatively connected to the computer
and the data device slot connector, for providing a
data transfer interface between the computer and
the first data device.

50

55

65

wherein the adapter further includes:
interface means, mounted on the adapter circuit
board and operatively connected to the multiple-
tab connector, for performing the functions of a
local area network system board.

3. An expansion slot adapter as recited in claim 2,
wherein the interface means comprises a digital logic
integrated circuit mounted on the adapter circuit board.

4. An expansion slot adapter as recited in claim 1,
wherein the controller means includes digital logic cir-
cuitry providing a basic input/output system (BIOS) for
the first data device.

5. An expansion slot adapter as recited in claim 4,
wherein the controller means includes operating system
transfer means for providing a data transfer interface
that allows the transfer of data between a first data
format used by one of the data devices and a second,
different data format used by the computer.

6. An expansion slot adapter for receiving tab
contacts of printed circuit boards associated with data
devices and connecting the data devices with a com-
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puter that operates in accordance with a data format
standard, the expansion slot adapter comprising:

a circuit board having at least three expansion slot
connectors that can receive the tab contacts of the
data device printed circuit boards, thereby con-
necting the data devices to the expansion slot
adapter;

an integral multiple-tab connector mounted on the
circuit board for connecting the expansion slot
adapter with the computer;

a data device expansion slot connector mounted on
the circuit board for connecting a first data device
to the expansion slot adapter;

controller means, mounted on the circuit board, for
providing a data transfer interface between the

10

20

25

30

35

45

50

55

65

10

computer data format standard and the data format
standard of the first data device; and

network interface means, mounted on the circuit

board and operatively connected to the integral
multiple-tab connector, for performing the func-
tions necessary to support a local area network
system.

7. An expansion slot adapter as recited in claim 6,
wherein the first data device comprises a hard disk
drive.

8. An expansion slot adapter as recited in claim 6,
wherein the controller means comprises a digital logic
integrated circuit mounted on the circuit board.
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