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(57) Abstract

An expansion port (35) for a processing system peripheral device provides for a system power down prior to connection of another
device to the port. A number of devices (10, 30) in a processing system are connected in a daisy chain. One of the devices (10) includes
a power supply (40) for supplying power to each of the devices (30). Each of the devices (30) includes a segment (PWR.DIS.1 and
PWR.DIS.2) of an enable circuit for enabling or disabling the power supply (40). Each of the devices (30) further includes an expansion
port (35) for connecting the enable circuit and other signals to another device (10, 30) in the daisy chain. An access panel (38) is provided
to cover the expansion port (35) when the port (35) is not in use. When the access panel (38) is closed a switch (32) located at the expansion
port (35) and coupled to the enable circuit of the device (30) is actuated in order to enable the power supply (40). When the access panel
(38) is not in place and no other device (10, 30) is connected to the expansion port (35), the switch (37) is in a different position which
causes the power supply (41) to be disabled. If another device (10, 30) is properly connected to the expansion port (35), then the switch
(37) is in the first position to cause the power supply (41) to be enabled, provided all other devices (10, 30) in the daisy chain are also
properly connected. Accordingly, removal of an access panel (38) on one of the devices (10, 30) while power to the system is on causes
power to the system to be removed before another device (10, 30) can be connected to the expansion port (35), thus preventing damaging
electrical transients from occurring upon connection to the expansion port (35).
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Expansion Port Providing System Power-Down Prior
to Connection of Peripheral Devices

FIELD OF THE INVENTION

The present invention pertains to the field of computer systems. More particularly,
the present invention relates to an expansion port for connecting a peripheral device in a
computer system.
BACKGROUND OF THE INVENTION

Many computer systems provide what is known as "hot insertion" capability,
which allows peripheral devices to be connected to the system while power to the system
is on. One design concern associated with hot insertion capability is the potential for
certain circuitry resident on a peripheral bus to be damaged by electrical transients when
connecting a peripheral device with power on. In the past, this problem has been
addressed by the addition of buffer circuitry "between" (electrically) the memory devices
and the point at which peripheral devices are connected to the system. One problem with
this technique, however, is that the buffer circuitry adds to the cost of the system.
Therefore, it is desirable to provide a means by which peripheral devices can be connected
to a processing system with the convenience to the user that is often associated with hot
insertion capability, but without the need for buffer circuitry to protect against damage

due to electrical transients.

SUMMARY OF THE INVENTION

The present invention pertains to a first device for use in a processing system

which has a number of devices, one of which includes a power supply. The first device
includes enable circuitry for enabling or disabling the power supply. A port coupled to
the enabled circuitry provides a connection point for the first device to be connected to
another device in the processing system. An access panel is mounted to prevent or permit
access to the port. The power supply is enabled if the access panel is configured to
prevent access to the port. The power supply is disabled if the access panel is configured
to permit access to the port and no other device is connected to the port.

Other features of the present invention will be apparent from the accompanying

drawings and from the detailed description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not limitation in the

figures of the accompanying drawings, in which like references indicate similar elements

and in which:
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Figure 1 illustrates a WebTV client system.

Figure 2 illustrates, in block diagram form, the internal features of a WebTV box.

Figure 3 illustrates a WebTV box connected to a number of peripheral devices in
a daisy chain configuration.

Figure 4 illustrates an expansion port for connecting a peripheral device to the
WebTV box.

Figure 5 is a schematic diagram of a WebTV box connected to two peripheral

devices in a daisy chain.

DETAILED DESCRIPTION

An expansion port is described which provides for system power-down prior to
connection of a peripheral device to the port. In the following description, for purposes
of explanation, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be evident, however, to one skilled in the
art that the present invention may be practiced without these specific details. In other
instances, well-known structures and devices are shown in block diagram form in order
to facilitate description of the present invention.

The present invention includes a method and apparatus for conveniently
connecting a peripheral device to a processing system while protecting against damage
due to electrical transients. In one embodiment, the present invention is included in a
system known as WebTV™ (hereinafter "WebTV"), which uses a standard television set
as a display device for browsing the Web and which connects to the Internet using a
standard telephone, ISDN, or other similar communication path. A user of a WebTV
client system can utilize WebTV Network services provided by one or more remote
WebTV servers, which are generally accessed via the Internet. The WebTV Network
services are used in conjunction with software running in a WebTV client system to enable
the user to browse the Web, send electronic mail, and to make use of the Internet in
various other ways.

Figure 1 illustrates a WebTV client system 1 according to one embodiment. The
client system 1 includes an electronics unit 10 (hereinafter "the WebTV box 10" or "the
box 10"), an ordinary television set 12, and a hand-held remote control 11. In an
alternative embodiment (not shown), the WebTV box 10 is built into the television set 12
as an integral unit. The box 10 includes hardware and software for providing the user
with a graphical user interface by which the user can browse the Web, send e-mail, and
access other WebTV Network services. The client system 1 uses the television set 12 as

both a display device and an audio output device. The box 10 is coupled to the television
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set 12 by a link 6. The link 6 includes an audio channel for generating sound from the
television's speaker and an RF (radio frequency), S-video, composite video, or other
equivalent form of video channel. The data link 29 between the box 10 and the server 5
can be a conventional telephone (POTS, i.e., Plain Old Telephone Service), ISDN, or
other suitable data connection. The box 10 receives alternating-current (AC) power
through a conventional AC power line 7. Remote control 11 is operated by the user in
order to control the client system 1 to browse the Web and perform other functions. The
box 10 receives commands from remote control 11 via an infrared (IR) communication
link. In alternative embodiments, the link between the remote control 11 and the box 10
may be an RF link or any other suitable type of link.

Figure 2 shows the internal components of the WebTV box 10, according to one
embodiment. Operation of the client system 1 is controlled by a central processing unit
(CPU) 21, which is coupled to a bus 29. It will be understood that the bus 29 may
actually comprise multiple physical buses connected by various bridges and/or adapters,
the details of which are not required for an understanding of the present invention. Also
coupled to the bus 29 are an audio digital-to-analog converter (DAC) 25, which provides
audio output to the television 12, and a video encoder 26, which provides video output
to the television set 12. The outputs of the audio DAC 25 and the video encoder 26 are
combined by conventional circuitry (not shown) to produce the link 6 to the television 12.
An IR interface 24 coupled to the bus 29 detects IR signals transmitted by remote control
11 and, in response, provides corresponding electrical signals onto the bus 29. A
communication device 27 is coupled to the bus 29 to provide bi-directional data
communication with remote WebTV servers and Web servers. The communication device
27 may be a conventional telephone modem, an ISDN adapter, or any other suitable data
communication device. Also coupled to the bus 29 is a read-only memory (ROM) 22 and
a random access memory (RAM) 23. The ROM 22 may include programmable-erasable
memory, such as electrically-erasable programmable ROM (EEPROM) or flash memory.

Also coupled to the bus 29 is an expansion bus 28. The expansion bus 28 is a
high-speed, multiplexed (address and data), parallel bus that is used to connect various
peripheral devices to the WebTV box 10; the WebTV box 10 thereby functions as the host
device of the processing system. Peripheral devices which may be connected to the
WebTV box 10 using expansion bus 28 include devices such as mass storage devices (e.g.,
CD-ROM, digital versatile disk (DVD), magnetic disk, etc.), microphones, video cameras,
video tuners, and additional data communication devices. It will be recognized that
various adapters may be used to interface the expansion bus 28 with bus 29, the details

of which are not required for an understanding of the present invention.
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It will be recognized that if a peripheral device were to be connected to the
expansion bus 28 while system power is on, there would be the potential for damage to,
or disruption of, certain components of the WebTV box 10, particularly any components
which reside on the expansion bus 28, as a result of electrical transients. Consequently,
the present invention prevents such damage or disruption from occurring when connecting
a peripheral device to the WebTV box, without requiring the user to remove power from
the system, as will be described below.

Figure 3 illustrates a system according to the present invention, in which the
WebTV box 10 is connected in a daisy chain to a number of peripheral devices 30 by the
expansion bus 28. It is useful at this point to define terminology relating to the
topological position (i.e., slot position) of devices in the daisy chain. For purposes of this
description, the qualifier "more senior in the daisy chain" refers to devices that are
topologically closer to the WebTV box 10 in the daisy chain than a given device, while
the qualifier "more junior in the daisy chain" refers to devices that are topologically farther
from the WebTV box 10 in the daisy chain than a given device. Thus, the greater the
number of devices that are connected in the daisy chain between a given device and the
WebTV box 10, the "more junior" in the daisy chain the given device is considered to be;
the fewer the number of devices that are connected in the daisy chain between a given
device and the WebTV box 10, the "more senior" in the daisy chain the given device is
considered to be.

The present invention includes features designed to prevent damage due to
electrical transients from occurring when adding a peripheral device to the daisy chain.
In particular, the WebTV box 10 and each peripheral device 30 includes an expansion port
32 and certain associated circuitry, which are described in greater detail below. The
expansion port and associated circuitry, which are substantially identical in each peripheral
device and the WebTV box 10, are designed so that power to the system will be
automatically removed before any peripheral device can be connected to a device that is
already connected to the daisy chain. Because the devices are configured in a daisy chain,
each peripheral device 30 includes at least two separate expansion ports, i.e., one port for
connecting to a device more senior in the daisy chain (or to the WebTV box itself) and
another port for connecting to a device more junior in the daisy chain (if any). The
expansion port 32 of a given peripheral device 30 is the port intended for connecting to
a device more junior in the daisy chain. The expansion port 32 provides all signals of the
high-speed expansion bus 28.

Figure 4 illustrates an expansion port 32 in greater detail. Although Figure 4
shows only the expansion port 32 of the WebTV box 10, each of the peripheral devices
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30 also includes an essentially identical expansion port, as noted above. The expansion
port 32 is characterized by an opening 36 in the housing 34 of the WebTV box 10. The
opening 36 provides access to a conventional connector 35 which provides a number of
pins or sockets for various electrical signals. When the expansion port 32 is not in use,
the opening 36 is covered by an access panel 38 that is movably or detachably coupled to
the housing. That is, the access panel 38 may open and close on a hinge-type mechanism,
for example, or it may be completely removable from the housing 34.

Located next to the connector 35 is a depressable switch 37, the function of which
is described in greater detail below. The access panel 38 includes a protrusion 39 which
projects toward the inside of the box 10 when the access panel 38 is closed. When the
access panel 38 is closed, the protrusion 39 depresses the switch 37. As will be described
below, depressing of the switch 37 completes an enable circuit within the WebTV box to
enables a power supply within the WebTV box 10. The enable circuit 1s described in
greater detail below. Hence, the power supply within the WebTV box 10 is enabled when
the access door 38 is closed. Opening the access panel 38 causes the switch 37 to be
released. When the access door is opened, such that the switch 37 is no longer depressed,
the power supply will be disabled due to the enable circuit being broken, if no other
devices are connected at the port 32. Note, however, that the switch 37 is not caused to
be depressed by the connection of another device to the expansion port 32; switch 37 is
only depressed when the access door 38 is properly closed. If, however, the access door
38 is open and at least one other device is connected at port 32, the power supply in the
WebTV box 10 can still be enabled, but only if all devices in the daisy chain are properly
connected and the access door of the most junior device in the daisy chain is closed.

Figure 5 illustrates a schematic diagram which illustrates the enable circuit and the
function of the switch 37 in greater detail. Each peripheral device includes an expansion
port 32 as described above. In addition, each of the peripheral devices 30 includes a
second port, which includes a connector 45 for connecting to the connector 35 of the
expansion port 32 of the next more senior device in the daisy chain. The WebTV box 10
includes a primary power supply 40, which receives AC power via power line 7 and which
generally supplies power to components in the WebTV box 10. In addition, each of the
peripheral devices 30 includes its own, dedicated power supply 41, which receives power
from a dedicated AC power line. The primary power supply 40 is grounded via a ground
line GND. Also coupled to the primary power supply 40 are lines PWR DIS 1,
PWR _DIS_O, and a 5 volt DC signal 42. Lines PWR_DIS I and PWR_DIS O together
form a segment of the enable circuit, the completion of which is required to enable the

primary power supply 40. In the WebTV box 10 and each of the peripheral devices 30,
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the switch 37 is coupled between line PWR_DIS T and line PWR_DIS_O to cause line
PWR_DIS 1 and line PWR_DIS O to be shorted together when the switch 37 is
depressed (closed). Thus, the enable circuit is thereby completed to enable the power
supply 40 when the switch 37 is depressed.

The connector 35 provides terminals for transmitting and receiving all signals of
the high-speed expansion bus 28. In addition, the expansion connector 35 includes
terminals for the 5 VDC signal 42 and lines PWR _DIS I, PWR DIS O, and GND, to
provide these lines to the next more junior device in the daisy chain. Hence, the WebTV
box 10 and each of the peripheral devices 30 provides one segment of the enable circuit
for enabling and disabling power supply 40. If one or more peripheral devices are
connected to the expansion port 32 of WebTV box 10, then the enable circuit is
completed to enable the power supply 40 only if all devices in the daisy chain are properly
connected in the daisy chain and the access door 38 to the most junior device in the daisy
chain is closed. If no peripheral devices are connected to WebTV box 10, then the power
supply 40 is enabled only if access door 38 of the WebTV box 10 is closed.

Assume now that a number of peripheral devices 30 are connected to the WebTV
box 10 in a daisy chain and that the primary power supply 40 is on. Assume further that
the user then wishes to add a peripheral device to the daisy chain. Accordingly, the user
opens the access door 38 of the device that is most junior in the daisy chain. When the
access door 38 is opened, the switch 37 associated with that device is released, causing
an open circuit to occur between lines PWR_DIS I and PWR DIS_O and therefore
causing the primary power supply 40 in the WebTV box 10 to be disabled (turned off).

The power supply 41 of each peripheral device 30 in the daisy chain receives as
input a signal PWR_OK, which in one embodiment is a 5 VDC active-high signal. The
power supply 41 of each peripheral device is enabled only when its input PWR_OK signal
is asserted. The most senior peripheral device 30 in the daisy chain receives its PWR_OK
signal as the 5 VDC signal 42 from primary power supply 40 in the WebTV box 10 (via
connectors 35 and 45). Each remaining peripheral device receives its PWR_OK signal as
a 5 VDC output 48 from the power supply 41 of the next more senior peripheral device
in the daisy chain. Each PWR_OK signal is asserted only when the particular power
supply outputting that signal is enabled (on). Thus, the power supply 41 of each
peripheral device 30 is enabled or disabled depending upon the state (enabled/disabled)
of the power supply of the next more senior device in the daisy chain. If the primary
power supply 40 in the WebTV box 10 is enabled, then the signal PWR_OK will be
asserted to enable the power supply 41 of the most senior peripheral device 30 in the daisy

chain. If the primary power supply 40 has been disabled, then the signal PWR_OK will
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be deasserted to disable the power supply 41 in the most senior peripheral device 30,
which in turn disables the power supplies 41 of each successive peripheral device 30 in the
daisy chain. Hence, opening the access door 38 to the most junior device in the daisy
chain causes the primary power supply 40 in the WebTV box 10 to be disabled, which
causes the power supplies 41 of all peripheral devices 30 in the daisy chain to be disabled.

The WebTV box 10 also includes a Reset circuit 37. The reset circuit receives an
active-low signal RESET# from the most senior peripheral device 30 in the daisy chain
via expansion port 32. Each of the peripheral devices 30 includes a segment of the
RESET# line. When asserted, the RESET# signal causes the Reset circuit 37 to tri-state
all signals in the WebTV box 10 and all signals provided through the expansion port. The
RESETH# line is an open-drain signal on the WebTV box 10; thus, multiple sources can
drive this signal low without damaging the Reset circuit 37. The details of the Reset
circuit 37 are not necessary for an understanding of the present invention and are therefore
not described herein. As will become apparent from the following description, RESET#
is asserted whenever the power supply of any of the peripheral devices 30 becomes
disabled. Hence, opening the access door 38 of any device in the daisy chain effectively
causes all signals to be tri-stated, in addition to disabling all power supplies.

Each of the peripheral devices 30 includes a field effect transistor (FET) 43, which
is a p-channel FET (PFET) in one embodiment of the present invention. The source
terminal 45 of the PFET 43 is coupled to the RESET# line. The gate 44 of the PFET 43
is coupled to the S VDC output 48 of the power supply 41 of the peripheral device 30.
The drain of the PFET 43 is coupled to the GND line.

Thus, when the power supply 41 of a peripheral device 30 is disabled, the gate 44
of the PFET 43 is in a low logic state, which turns the PFET on and causes the source 45
of PFET 43 to be shorted to ground. Shorting the source 45 to ground asserts the signal
RESETH#, causing the Reset circuit 37 to tri-state all signals. On the other hand, if the
power supply 41 of a peripheral device 30 is enabled, then the gate 44 of the PFET 43 is
held high, causing the PFET 43 to be held in the off state, and therefore causing an open
circuit to be maintained between the source 45 and drain 46 of the PFET 43; in that case,
the signal RESET# is deasserted. Hence, in order for the entire system (i.e., the WebTV
box 10 and all peripheral devices 30 in the daisy chain) to operate, the primary power
supply 40 and all peripheral power supplies 41 must be enabled. The entire system is
taken out of the reset state only when all power supplied have stabilized.

The present invention therefore allows a user to connect one or more peripheral
devices to a processing system without damaging components within any device and

without first having to disconnect any device in the processing system from its power
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source. The present invention provides such functionality without the use of additional
buffer circuitry to protect sensitive electronic components.

Thus, an expansion port has been described which provides for system power-
down prior to connection of a device to the port. Although the present invention has been
described with reference to specific exemplary embodiments, it will be evident that various
modifications and changes may be made to these embodiments without departing from the
broader spirit and scope of the invention as set forth in the claims. Accordingly, the
specification and drawings are to be regarded in an illustrative rather than a restrictive

sense.

What is claimed is:
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1. A first device for use in a processing system having a plurality of devices,
at least one of the plurality of devices including a power supply, the first device
comprising;

enable circuitry for enabling or disabling the power supply;

a port coupled to the enable circuitry for connecting the first device to
another one of the plurality of devices; and

an access panel mounted to prevent or permit access to the port, wherein
the power supply is enabled if the access panel is configured to prevent access to
the port, and wherein the power supply is disabled if the access panel is configured
to permit access to the port and another one of the plurality of devices is not
connected at the port.

2. The first device of claim 1, further comprising a housing enclosing the
enable circuitry, wherein the access panel is movably coupled to the housing.

3. The first device of claim 1, wherein the enable circuitry forms one of a
plurality of segments of an enable circuit for enabling or disabling the power supply, each
of the plurality of devices including one of the segments.

4. The first device of claim 3, wherein the plurality of devices are connected
in a daisy chain.

5. The first device of claim 3, wherein the port is for connecting the segment
of the enable circuit in the first device to a segment of the enable circuit in another one of
the plurality of devices.

6. The first device of claim 1, wherein the enable circuitry comprises a switch
coupled to enable or disable the power supply, wherein the switch is in a first position
when the access panel is configured to prevent access to the port and in a second position
when the access panel is configured to permit access to the port, and wherein the power
supply is disabled if the switch is in the second position and another one of the plurality
of devices is not connected to the port.

7. A processing device configured to be coupled to at least one other
processing device in a processing system, the device comprising:

a power supply;

a housing containing the power supply;

a port for connecting the processing device to another processing device,
the port including a switch coupled to enable or disable the power supply; and

an access panel movably coupled to the housing for covering the port
when the access panel is closed, such that another processing device is

connectable to the port only when the access panel is open, wherein the power
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supply is enabled if the access panel is closed, and wherein the power supply is

disabled if the access panel is open and another device is not connected at the

port.

8. The processing device of claim 7, further comprising enable circuitry
coupled to the port for enabling or disabling the power supply, wherein the enable
circuitry in the first processing device forms one of a plurality of segments of an enable
circuit distributed among a plurality of devices in the processing system for enabling or
disabling the power supply.

9. The processing device of claim 8, wherein the plurality of devices are
connectable in a daisy chain.

10.  The processing device of claim 8, wherein the port is for connecting the
segment of the enable circuit in the first device to a segment of the enable circuit in
another one of the plurality of devices.

11. The processing device of claim 7, further comprising a switch mounted at
the port and coupled to enable or disable the power supply, wherein the switch is in a first
position to enable the power supply when the access panel is closed, wherein the switch
is in a second position when the access panel is not closed, and wherein the power supply
is disabled if the switch is in the second position and another device is not connected to
the port.

12. A first device capable of being coupled to a plurality of other devices in a
processing system, at least one of the plurality of other devices including a power supply,
the first device comprising:

a first port for connecting the first device to one of the other devices;
a second port for connecting the first device to one of the other devices; and

an access panel movably mounted to prevent or permit access to the
second port; and

wherein the power supply is enabled if the access panel is configured to
prevent access to the second port, and wherein the power supply is disabled if the
access panel is configured to permit access to the second port and one of the other
devices is not connected at the port.

13.  The first device of claim 12, further comprising enable circuitry coupled
to the first port and the second port, the enable circuitry forming a segment of an enable
circuit for enabling or disabling the power supply, wherein the enable circuit is distributed
among the first device and the plurality of other devices.

14.  The first device of claim 13, wherein the first device and the plurality of

other devices are connectable in a daisy chain.
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15.  The first device of claim 13, further comprising a switch coupled to the
enable circuitry and located at the second port, wherein the switch is in a first position
when the access panel is configured to prevent access to the second port and in a second
position when the access panel is configured to permit access to the second port, and
wherein the power supply is disabled if the switch is in the second position and another
device is not connected to the second port.

16. A first processing device configured to be coupled to a second processing
device and a third processing device in a daisy chain, the second processing device
including a power supply, the first processing device comprising:

enable circuitry for enabling or disabling the power supply, the enable
circuitry including a switch,;

a first port coupled to the enable circuitry, the first port for connecting the
first processing device to the second processing device;

a second port coupled to the enable circuitry, the second port for
connecting the first processing device to the third processing device;

a housing containing the enable circuitry; and

an access panel movably coupled to the housing for covering the second
port when the access panel is closed, such that the third processing device is
connectable to the second port only if the access panel is open;

wherein the switch is in a first position to enable the power supply when
the access panel is closed, wherein the switch is in a second position when the
access panel is open, and wherein the power supply is disabled if the switch is in
the second position and the third device is not connected to the port.

17. The first processing device of claim 16, wherein the enable circuitry forms
one of a plurality of segments of an enable circuit for enabling or disabling the power
supply, wherein the enable circuit is distributed among the first processing system, the
second processing system, and the third processing system.

18.  In a first device connected in a processing system having a plurality of
devices, an apparatus for protecting against electrical transients, at least one of the
plurality of devices including a power supply, the first device comprising:

a port for connecting the first device to another device in the processing
system,

access means for selectably permitting or preventing connection of a
device to the port;

means for detecting occurrence of a condition, the condition occurring

when both:
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the access means is configured to permit access to the port; and
a device is not connected to the port;

means for maintaining a first state while an occurrence of the
condition is not detected, the first state for enabling the power supply; and

means for entering a second state when an occurrence of the
condition is detected, the second state for disabling the power supply.

19. The apparatus of claim 18, wherein the power supply is disabled while any
one of the plurality of devices is in the second state.

20.  The apparatus of claim 19, wherein the power supply is enabled if each of
the plurality of devices is in the first state.

21.  The apparatus of claim 18, wherein the plurality of devices are connected
in a daisy chain.

22 In a first device connected in a processing system having a plurality of
devices, a method of protecting against damage due to electrical transients, at least one
of the plurality of devices including a power supply, the first device including a port for
connecting the first device to another device in the processing system, the first device
further having an access device configurable to permit or prevent connection to the port,
the method comprising the steps of:

detecting occurrence of a condition, the condition occurring when:

the access device is configured to permit access to the port; and
a device is not connected to the port;

maintaining a first state while an occurrence of the condition is not
detected, the first state for enabling the power supply; and

entering a second state when an occurrence of the condition is
detected, the second state for disabling the power supply.

23.  The method of claim 22, wherein the plurality of devices are connected in
a daisy chain, wherein the power supply is disabled if any one of the plurality of devices
is in the second state.

24, The method of claim 23, wherein the power supply is enabled if each of the

plurality of devices is in the first state.
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