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ACKNOWILEDGEMENT by Employees of the Right to apply for a Patent and AN ASSIGNMENT made on the
SEVENTH day of OCTOBER 1999 BETWEEN

PAUL J GARNETT, of BRITISH nationality, of 2 THE ROOKERY, NEWTON-LE-WILLOWS, WA12 9PW,
UNITED KINGDOM (hereinafter referred to as "Inventor™) of the first part;

SUN MICROSYSTEMS LIMITED, a UNITED KINGDOM company, having a place of business at BAGSHOT
MANOR, GREEN LANE, BAGSHOT, SURREY, GU19 5NL, UNITED KINGDOM (hereinafter referred to as
"Employer Company") of the second part; AND

SUN MICROSYSTEMS, INC., a corporation of Delaware, United States of America, having a place of business
at M/S PALOL-521, 901 SAN ANTONIO ROAD, PALO ALTO, CALIFORNIA 94303, UNITED STATES OF
AMERICA (hereinafier referred to as "Parent Company") of the third part.

WHEREAS :-

A) The Inventor claims to have made the Invention described in the Schedule (hereinafter referred to as "the
Invention");

(B) The Invention has been made by the Inventor during the period of his employment with the Employer
Company and in the course of his normal duties with the Employer Company and by virtue of the terms of his
employment with the Employer Company, the Invention is to be taken as between the Employer Company and the
Inventor to belong to the Employer Company;

(C) The Employer Company agrees to assign the Invention and the right to apply for a patent or patents

relating to the said Invention to the Parent Company together with all rights title and beneficial interest in and
arising therefrom.

NOW THIS AGREEMENT WITNESSES as follows:-

1. The Inventor HEREBY ACKNOWLEDGES that the Invention and all rights therein including the right to
apply for a patent or patents relating to the Invention belongs to the Empioyer Company, and pursuant thereto
HEREBY ASSIGNS TO AND CONFIRMS the vesting in the Employer Company of:

(a) the whole of the property in the Invention throughout the world and any protection obtained at any time therefor
and all rights title and interest which the Inventor may have or have been entitled to therein including all rights to
bring proceedings for infringement thereof together with the full and exclusive benefit thereof, and

(b) the right to apply for and obtain or to enable others to apply for and obtain a patent or patents or any other form
of protection in respect of the Invention both in the United States of America and throughout the world.

2. In pursuance of the agreement referred to in Recital (C) and IN CONSIDERATION of the sum of FIVE
US DOLLARS, receipt of which is hereby confirmed, the Employer Company hereby assigns to the Parent
Company all its rights in the Invention including the right to apply for a patent or patents and to exploit the
Invention or any patent or other protection obtained in respect thereof TO HOLD the same unto the Parent
Company absolutely.

3. The Inventor hereby undertakes to the Parent Company that he will at the expense of the Parent Company
execute all documents and do all such acts and things as the Parent Company may in its absolute discretion consider
necessary or desirable to enable Letters Patent or any form of protection to be issued in respect of the Invention in
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any part or parts of the world and to vest the same in the name of the Parent Company or its nominee free from all
encumbrances and to enable or to assist the Parent Company or its nominee to defend oppositions to grant thereof,
to maintain the same when granted and to present and prosecute for the infringement thereof.

4, The Inventor hereby warrants to the Employer Company and to the Parent Company:

(a) that he has not assigned or agreed to assign to any person firm or company or otherwise encumbered the
Invention or any other part of the rights therein and thereto;

(b) that he has not disclosed and will not disclose the Invention to any person firm or company other than the
Employer Company or the Parent Company except as directed by the Employer Company or the Parent Company;

(c) that he will give to the Employer Company or the Parent Company all information in his possession or in his
power relating to the Invention and the method of employing or using the same as the Employer Company or the

Parent Company shall require;

(d) that he knows of no reason why a valid patent or valid patents relating to the Invention should not be granted
either to himself or to his successors in title.

IN WITNESS thereof the parties have duly executed this document the day and year first above written
SCHEDULE

The invention is as described in the attached draft specification entitled:- "PROVIDING STANDBY POWER TO
FIELD REPLACEABLE UNITS”.

SIGNED by the Inventors:

-/
s

RAre o

PAULJ GARNET'F)

NED for and En behalf
f FUN MICROSIYSTEMS LIMITED

SUSAN FERGUSO
SOLICITOR AND COMPANY SECRETARY [(,%w vocan/
SUN MICROSYSTEMS LIMITED

SIGNED for and on behalf
of SU CROSYSTE

KENNETH OLSEN Witness

C&\C.‘o{" e F.) ova.
VICE PRESIDENT INTELLECTUAL PROPERTY
SUN MICROSYSTEMS, INC.
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PROVIDING STANDBY POWER TO FIELD REPLACEABLE IT
FOR ELECTRONIC SYSTEMS-

BACKGROUND OF THE INVENTION

The invention relates to the monitoring and replacement of field replaceable units
(FRUSs) for electronic equipment, for example for a telecommunications or other
application where high standards are set and where the unit may, for example, be
remote from a service center and the replacement may need to be effected by non-

skilled personnel.

FRUs can be used in many different systems. They find particular but not exclusive
application to computer systems, for example to fault tolerant computer systems where
it is desirable to be able readily to replace units which have developed a fault or have

been superseded by a more recent version.

Examples of FRUs for such a system can include, for example, a CPU, a PCI card,
power supply units (PSUs), a motherboard, or any other system components. One FRU,
for example a field replaceable card, can include hardware for implementing several

devices (e.g. a multiple Ethernet adapter, or a SCSI adapter with an Ethemet adapter).

It is known to provide FRUs with non-volatile memory (e.g. EEPROMs), which can
contain information relating to the FRU. In a known system, FRUs can include basic

FRU identification information in the non-volatile memory.
It is also known to provide a system management suite, collectively known as a

configuration management system (CMS) which manages the FRUs, other devices and

system resources using objects to represent the FRUs, devices and other system

DYC REF: P007776US 1

PATENT
REEL: 010714 FRAME: 0004



10

15

20

resources. An object forms a particular instance of a CMS class, which is defined by a

CMS definition (CMSDEF).

For example, a CAF (Console and Fans unit) CMSDEF defines the CAF CMS class of
which the object CAF_1 is an instance that represents a particular CAF FRU. The CAF
1 object may have an attribute called LOCATION having the value A_CAF, indicating

that the FRU represented by the CAF_1 object has been inserted into location A_CAF in

the chassis of the computer system.

In order correctly to manage the FRUs, the CMS requires access to the non-volatile
memory in the FRUs. In order to gain access to the non-volatile memory in the
FRUEs, it is necessary that power is supplied to the FRUs. However, this conflicts
with safety requirements relating to telecommunications equipment which require that
when a unit is faulty, for example a FRU, it is necessary to power down that unit. For
example, an electrical fault can cause a fuse blow, isolating the FRU electrically. In
such a situation, access to the memory storing the data about the FRU can be lost,

making identification and/or diagnosis of the fault more difficult, or impossible.

Accordingly, present invention seeks to improve fault identification and/or diagnosis

for a FRU provided with a power isolation mechanism.

DYC REF: PO07776US 2
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SUMMARY OF THE INVENTION

Particular and preferred aspects of the invention are set out in the accompanying
independent and dependent claims. Combinations of features from the dependent
claims may be combined with features of the independent claims as appropriate and

not merely as explicitly set out in the claims.

In accordance with a first aspect of the invention, there is provided a power sub-
system of electronic equipment for controlling the supply of power to a field
replaceable unit. The power sub-system includes a main power controller that
supplies main power to at least a first component of the field replaceable unit, and a
standby power controller that supplies standby power to at least a second component
of the field replaceable unit. The main power controller is operable to switch off the
supply of main power to a first component in response to the detection of a fault,
whereas the standby power controller maintains the supply of standby power to the

second component.

By providing separate power controllers for main and standby power, it is possible to
maintain power to one or more selected components of the FRU in the event of a fault
that requires main power to the FRU to be cut. In an embodiment of the invention,
the second component forms storage for parameters identifying the FRU and possibly

also for information for analysing the status of the FRU.

The standby power controller can be configured to switch off the supply of standby
power to the second component in response to a first change in state of an interlock
signal that is indicative of the field replaceable unit being released. It can further be
operable to switch on the supply of standby power to the second component in
response to a subsequent, second, change in state of an interlock signal indicative of

the field replaceable unit being replaced. In this manner, automatic power control can

DYC REF: PO0O7776US 3
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be provided to cut standby power when a service engineer releases the FRU for

removal and restores standby power when the FRU is secured following replacement.

Main power can also be restored to the first component by the main power controller
in response to the first change in state of the interlock signal indicative of the field
replaceable unit being released, followed by a second change of state of the interlock

signal indicative of a field replaceable unit being secured in position.

In an embodiment of the invention, the main power controller comprises a first logic
circuit and the standby power controller comprises a second logic circuit. However,
in other embodiments, these functions could be provided using a suitably programmed

microcontroller or microprocessor.

Further, in an embodiment of the invention, the main power controller can include a
sensor circuit responsive to an overcurrent on a main power line to generate a signal,
the first logic circuit being connected to the sensor circuit to receive the signal

therefrom in response to an overcurrent on the main power line.

An interlock signal line can carry the interlock signal when the field replaceable unit
is locked in the electronic equipment. The interlock signal can be represented by a
predetermined potential (e.g., ground) on the interlock signal line. Debounce logic
can be connected between the interlock signal line and the power controller for
debouncing the interlock signal prior to its supply to the main power controller. This
is to avoid switch bounce being interpreted incorrectly as a change in the interlock
signal. However, as the logic controlling the supply of standby power is simpler, the

standby power controller is directly connected to the interlock signal.

A connector arrangement can connect a main power line and a standby power line to

corresponding main and standby power line, respectively, of the field replaceable unit.

DYC REF: P007776US 4
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In accordance with another aspect of the invention, there can be provided electronic
equipment including a power sub-system for controlling the supply of power to a field
replaceable unit, the power sub-system comprising a main power controller that
supplies main power to at least a first component of the field replaceable unit, and a
standby power controller that supplies standby power to at least a second component
of the field replaceable unit, wherein the main power controller is operable to switch
off the supply of main power to a first component in response to the detection of a
fault whereas the standby power controller maintains the supply of standby power to

the second component.

The FRU can be a computer system component. The computer system can be a rack-
mounted computer system, for example, a fault-tolerant computer system. A power
converter could be the first component of the FRU and a memory device could be the

second component of the FRU.

The FRU can include an interlock mechanism for locking the field replaceable unit in
the electronic equipment, an interlock switch operated by the interlock mechanism
and an interlock signal line, the interlock switch connecting the interlock line to a
source of a predetermined potential (e.g., ground) when the interlock mechanism
locks the field replaceable unit in the electrénic equipment. It is the signal on the
interlock signal line that forms the interlock signal to which the power controllers
respond. In one particular example the FRU is a PCI card carrier assembly, with the
power converter being operable to supply a selectable one of a plurality of different

voltages to a connectable PCI card.

The power sub-system and the field replaceable unit can comprise co-operating

connector arrangements for interconnecting a plurality of power and signal lines of the

DYC REF: PO07776US 5
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power sub-system to a corresponding plurality of power and signal lines of the field

replaceable unit.

In accordance with another aspect of the invention, there is provided a field
replaceable unit for connection to a power sub-system of electronic equipment, the
field replaceable unit including a power converter as a first component, a memory
device as a second component, a main power line connected to the power converter

and a standby power line connected to the memory device.

In accordance with yet another aspect of the invention, there is provided a method of
controlling a supply power to a field replaceable unit for electronic equipment, the
method comprising:

supplying main power to at least a first component of the field replaceable unit and
supplying standby power to at least a second component of the field replaceable unit;
and

in response to detection of a fault, switching off the supply of main power to the first
component in response to the detection of a fault but maintaining the supply of

standby power to the second component.

An advantage of the invention which will be apparent from the above is the ability to
maintain access to parameters and/or other data stored in the memory of the FRU
when main power to the FRU is cut in the event of a fault. Thus, even in the event of
a fault that results in electrical isolation of the main functional components of the
FRU, configuration software of a host system can still interrogate the parameter
storage to access the FRU parameters. Moreover, in an embodiment of the invention,
standby power is cut automatically when a maintenance engineer starts to remove the
FRU by releasing the interlock mechanism and is restored automatically when
replacement of the FRU is completed by the maintenance engineer on securing the

FRU in position. This reduces the time needed to replace the FRU, and increases the

DYC REF: P007776US 6
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security and safety of the maintenance operation by ensuring that the correct sequence
of operations for powering off and on standby power are performed, without the

engineer needing
to perform any actions other than the mechanical action needed to remove and

replace a FRU from the system.

Further objects and advantages of the invention will be apparent from the following

description.
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BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be described hereinafter, by
way of example only, with reference to the accompanying drawings in which like
reference signs relate to like elements and in which:

Figure 1 is an architectural overview of a fault tolerant computer system;

Figure 2 is a schematic overview of a specific implementation of a system based on

the architecture of Figure 1;

Figure 3 is a schematic diagram of an example of a processing set;

Figure 4 is a schematic block diagram of an embodiment of a bridge for the system of

Figure 1;

Figure 5 is a schematic representation of a physical configuration of a computer

system chassis with FRUs locatable in respective slots;

Figure 6 illustrates the relationships between a configuration management system

daemon and further components of the computer system;

Figure 7 is a schematic representation of a FRU in a chassis slot;

Figure 8 represents a configuration file;

Figure 9 represents an example of CMSDEFs and associated instances and attributes;

Figure 10 is a schematic diagram of a FRU, here a PCI card carrier assembly;

DYC REF: PO07776US 8
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Figure 11 is a schematic diagram of a power sub-system for supplying power to the

FRU of Figure 10;

Figure 12 is a circuit diagram of main power control logic of Figure 11;

Figure 13 is a circuit diagram of standby power control logic of Figure 11;

Figure 14 is a circuit diagram of the debounce logic of Figure 11;

Figure 15 is a flow diagram illustrating power control operations; and

Figure 16 is a representation of the FRU of Figure 10 and showing an injector

interlock lever of a FRU.

DYC REF: P007776US 9
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a schematic overview of an approach to providing a fault tolerant
computing system 10 employing a plurality of processing sets 14 and 16 and a bridge
12. As shown in Figure 1, there are two processing sets 14 and 16, although there
may be three or more processing sets. The bridge 12 forms an interface between the
processing sets and I/O devices such as devices 28, 29, 30, 31 and 32. In this
document, the term “processing set” is used to denote a group of one or more
processors, possibly including memory, which output and receive common outputs
and inputs. Also, it should be noted that the term “bridge” is used to denote any
device, apparatus or arrangement suitable for interconnecting two or more buses of the

same or different types.

The first processing set 14 is connected to the bridge 12 via a first processing set I/O
bus (PA bus) 24, for example a Peripheral Component Interconnect (PCI) bus. The
second processing set 16 is connected to the bridge 12 via a second processing set I/O
bus (PB bus) 26 of the same type as the PA bus 24 (i.e. here a PCI bus). The [/O
devices are connected to the bridge 12 via a device I/O bus (D bus) 22, for example a

PCI bus.

Other bus protocols may be used and the D-bus 22 may have a different protocol from

that of the PA bus and the PB bus (P buses) 24 and 26.

The processing sets 14 and 16 and the bridge 12 are operable in synchronism under

the control of a common clock 20, which is connected thereto by clock signal lines 21.

Some of the devices, including an Ethernet (E-NET) interface 28 and a Small
Computer System Interface (SCSI) interface 29, are permanently connected to the

device bus 22, but other I/O devices such as I/O devices 30, 31 and 32 can be hot

DYC REF: P0O07776US 10
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insertable into individual switched slots 33, 34 and 35. Dynamic field effect transistor
(FET) switching can be provided for the slots 33, 34 and 35 to enable hot insertability
of the devices such as devices 30, 31 and 32. The provision of the FETs enables an
increase in the length of the D bus 22 as only those devices which are active are
switched on, reducing the effective total bus length. It will be appreciated that the
number of I/0 devices which may be connected to the D bus 22, and the number of
slots provided for them, can be adjusted according to a particular implementation in

accordance with specific design requirements.

Figure 2 is a schematic overview of an implementation of a fault tolerant computer
employing the approach illustrated in Figure 1. In Figure 2, the fault tolerant
computer system includes a plurality of bridges 12 (here four) on first and second I/O
motherboards (MB 40 and MB 42) order to increase the number of I/O devices that
may be connected and also to improve reliability and redundancy. Thus, in the
embodiment shown in Figure 2, two processing sets 14 and 16 are each provided on a
respective processing set board 44 and 46, with the processing set boards 44 and 46
‘bridging’ the [/O motherboards MB 40 and MB 42. A first, master clock source 20A
is mounted on the first motherboard 40 and a second, slave, clock source 20B is
mounted on the second motherboard 42. Clock signals are supplied to the processing

set boards 44 and 46 via respective connections (not shown in Figure 2).

First and second bridges 12.1 and 12.2 are mounted on the first /O motherboard 40.
The first bridge 12.1 is connected to the processing sets 14 and 16 by P buses 24.1 and
26.1, respectively. Similarly, the second bridge 12.2 is connected to the processing
sets 14 and 16 by P buses 24.2 and 26.2, respectively. The bridge 12.1 is connected to
an I/O databus (D bus) 22.1 and the bridge 12.2 is connected to an I/O databus (D

bus) 22.2.

DYC REF: P007776US 11
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Third and fourth bridges 12.3 and 12.4 are mounted on the second I/O motherboard
42. The bridge 12.3 is connected to the processing sets 14 and 16 by P buses 24.3 and
26.3, respectively. Similarly, the bridge 4 is connected to the processing sets 14 and
16 by P buses 24.4 and 26.4, respectively. The bridge 12.3 is connected to an [/O
databus (D bus) 22.3 and the bridge 12.4 is connected to an [/O databus (D bus) 22.4.

It can be seen that the arrangement shown in Figure 2 can enable a large number of
I/O devices to be connected to the two processing sets 14 and 16 via the D buses 22.1,
22.2,22.3 and 22.4 for either increasing the range of I/O devices available, or

providing a higher degree of redundancy, or both.

Figure 3 is a schematic overview of one possible configuration of a processing set,
such as the processing set 14 of Figure 1. The processing set 16 could have the same
configuration. A plurality of processors (here four) 52 are connected by one or more
buses 54 to a processing set bus controller 50. One or more processing set output
buses 24 are connected to the processing set bus controller 50, each processing set
output bus 24 being connected to a respective bridge 12. Individual processors
operate using the common memory 56, and receive inputs and provide outputs on the
common P bus(es) 24. It should be noted that the processing set may have many
different forms and that the particular choice of a particular processing set structure
can be made on the basis of the processing requirement of a particular application and

the degree of redundancy required.

The bridges 12 are operable in a number of operating modes. In a first, combined
mode, a bridge 12 routes addresses and data between the processing sets 14 and 16
(via the PA and PB buses 24 and 26, respectively) and the devices (via the D bus 22).
In this combined mode, I/O cycles generated by the processing sets 14 and 16 are
compared to ensure that both processing sets are operating correctly. Comparison

failures force a bridge 12 into an error limiting mode (EState) in which device I/O is
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prevented and diagnostic information is collected. In a second, split mode, the bridge
12 routes and arbitrates addresses and data from one of the processing sets 14 and 16
onto the D bus 22 and/or onto the other one of the processing sets 16 and 14,
respectively. In this mode of operation, the processing sets 14 and 16 are not
synchronized and no I/O comparisons are made. DMA operations are also permitted

in both modes.
Figure 4 is a schematic functional overview of the bridge 12 of Figure 1.

First and second processing set I/O bus interfaces, PA bus interface 84 and PB bus
interface 86, are connected to the PA and PB buses 24 and 26, respectively. A device
I/0 bus interface, D bus interface 82, is connected to the D bus 22. It should be noted
that the PA, PB and D bus interfaces need not be configured as separate elements but
could be incorporated in other elements of the bridge. Accordingly, within the
context of this document, where a reference is made to a bus interface, this does not
require the presence of a specific separate component, but rather the capability of the

bridge to connect to the bus concerned, for example by means of physical or logical

" bridge connections for the lines of the buses concerned.

Routing (hereinafter termed a routing matrix) 80 is connected via a first internal path
94 to the PA bus interface 84 and via a second internal path 96 to the PB bus interface
86. The routing matrix 80 is further connected via a third internal path 92 to the D
bus interface 82. The routing matrix 80 is thereby able to provide I/O bus transaction
routing in both directions between the PA and PB bus interfaces 84 and 86. Itis also
able to provide routing in both directions between one or both of the PA and PB bus
interfaces and the D bus interface 82. The routing matrix 80 is connected via a further
internal path 100 to storage control logic 90. The storage control logic 90 controls
access to bridge registers 110 and to a random access memory (SRAM) 126. The

routing matrix 80 is therefore also operable to provide routing in both directions
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between the PA, PB and D bus interfaces 84, 86 and 82 and the storage control logic
90. The routing matrix 80 is controlled by bridge control logic 88 over control paths
98 and 99. The bridge control logic 88 is responsive to control signals, data and
addresses on internal paths 93, 95 and 97, and also to clock signals on the clock

line(s) 21.

In the present embodiment of the invention, each of the P buses (PA bus 24 and PB
bus 26) operates under a PCI protocol. The processing set bus controllers 50 (see
Figure 3) also operate under the PCI protocol. Accordingly, the PA and PB bus
interfaces 84 and 86 each provide all the functionality required for a compatible
interface providing both master and slave operation for data transferred to and from
the D bus 22 or internal memories and registers of the bridge in the storage subsystem
90. The bus interfaces 84 and 86 can provide diagnostic information to internal
bridge status registers in the storage subsystem 90 on transition of the bridge to an

error state (EState) or on detection of an I/O error.

The device bus interface 82 performs all the functionality required for a PCI
compliant master and slave interface for transferring data to and from one of the PA
and PB buses 84 and 86. The D bus 82 is operable during direct memory access
(DMA) transfers to provide diagnostic information to internal status registers in the
storage subsystem 90 of the bridge on transition to an EState or on detection of an 1/O

errTor.
Figure 5 is a schematic overview of a chassis 200 with the various slots for receiving
field replaceable units (FRUs) including components, or devices, of the fault tolerant

computing system 10 described with reference to Figures 1 to 5. Each FRU may

contain one or more devices.
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PATENT

REEL: 010714 FRAME: 0017



10

15

20

25

Examples of the FRUs for use in the system include the two motherboards 40 and 42.
These are mounted at locations 201 and 203 in the upper and lower portions of the
chassis 200 as viewed in Figure 5. The first and second processor sets 44 and 46,
which also form FRUs, are mounted at locations 45 and 47 bridging the motherboards

40 and 42.

Other FRUs illustrated in Figure 5 are Removable Media Module (RMM) FRUs 210,
which are mounted in slots 211. Disk drive chassis FRUs 212 are mounted in slots
213. The disk drives in the disk drive chassis 212 are typically configured as FRUs.
Console and Fan (CAF) FRUs 214, which include switches, ports, alarms and LEDs,
are mounted in slots 215. PCI frame FRUs 216 are mounted in slots 217. The PCI
cards in the PCI frame are also configured as FRUs. Power supply FRUs 218 are
mounted in further slots 219. Sub-assemblies (not shown) of the power supply FRUs

218 could also be provided and be configured as FRUSs.

The FRUs for insertion in the various slots are provided with an identification label
(e.g., DSK) 232. A corresponding label (e.g., A-DSK) 234 is associated with each
slot to indicate to the operator where each FRU is to be located. In an embodiment of
the invention a FRU comprises a memory 230 (e.g., a non-volatile memory such as an
EEPROM) for containing information relating to the FRU and the device(s) it carries.
As will be described later, this information includes configuration management
system class information for the FRU for use by a configuration management system
(CMS) 400 (not shown in Figure 6) to configure the FRU within the system. It should
be noted that an embodiment of the invention may include, in addition to FRUs that
include a memory 230, some units that are replaceable in the field, for example a disk
drive, but which might not be provided with a memory 230. This may be desirable

where, for reasons of economy, a conventional FRU is used.
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The CMS models a hierarchy of the FRUs and the devices therein. The model defines
a FRU tree with the FRUs being represented as nodes or objects in the tree to
represent the physical dependency of the respective elements, including the
dependency of the FRUs on one of the motherboards. For example, the CMS will
model the PCI frames that support PCI cards and the PCI cards therein.

The CMS also models a device hierarchy that is independent of the FRU hierarchy
described above and the physical arrangement of the FRUSs, as different devices can
be on different FRUs. The CMS creates this device hierarchy from the class
information, and possibly other information, read from non-volatile memory on the
FRUs. The device hierarchy is represented as a device tree, various devices being
shown as nodes, or objects in the tree. The CMS is able to use this tree to
communicate with individual device drivers, and allows the CMS to model

dependencies between the devices.

The CMS also models a service hierarchy. Service hierarchies can be defined with a
service being represented as a node or object within a service hierarchy. A service can
define, for example, a sub-system such as a fault tolerant core service. The services

define system availability and are dependent on the devices of the system.

The combination of the FRU, device and service hierarchies form the configuration
management system (CMS) model which is used to control the operation of the
system. The model can be stored in the form of a database in a configuration file.
The CMS uses this model to be able to support fault tolerance at a high level. It
allows users to configure the various components of the system to carry out desired

functions, and to oversee the functioning of the system.

Figure 6 illustrates the relationship between a configuration management system

daemon CMSD 400 and various components of the system. The CMSD 400 is a
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daemon for implementing the control management system of the computer system
illustrated in the earlier Figures. A daemon is a background management process.

Such a process may be available at any time from system initiation until shutdown.

The CMSD 400 manages various system entities (objects) which can be physical
devices and/or software entities. The CMSD 400 is connected via a UNIX socket
forming an application program interface (API) 446 to one or more application
programs 440. In the present instance two application programs 442 and 444 are

shown.

The behavior of the CMSD 400 is specified using CMS definitions (CMSDEFs) 410.
The CMSDEFs include declarations for objects that are managed by the CMSD 400,
state evaluations (statements for evaluating the states of objects), and transition code
that is executed when a transition occurs between the states of an object. The
CMSDEFs 410 can be thought of as being similar to a set of state machines for the
objects managed by the CMSD 400, with thé CMSD 400 executing the state

machines.

An inttialization component 402 of the CMS is operative on a first initialization of the
CMS to create a model of the system, including the FRU, device and service
hierarchies, and stores this in a configuration file 404. The configuration file 404
forms a persistent copy of the model which can be used by the current invocation of
the CMSD and on a subsequent re-boot or re-initialization of the system, assuming
that the configuration has not changed or the configuration file has not been lost or
damaged. The storage of the model in such a persistent manner can save initialization
time as it is not necessary to go through the process of re-creating the model. It can
also provide consistency between system initializations. As a result, in a fault tolerant
system, it can enable better detection of faults where system elements have failed or

changed between system initializations.
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The CMSD 400 is operationally connected to various system entities that are managed
by the CMSD 400. These entities can include physical devices 420 (for example disk
drives 422 and 424) or software entities (for exampie databases 432 and 434). The
CMSD 400 1s associated with a unique processor identification (PID) 450, which the
CMSD stores 1n a storage location, or file 452, known to a monitor process when the
CMSD initiates successfully. The operation of the CMSD 400 is monitored by a
process monitor 460 using the PID 450 stored by the CMSD 400 in the file 452. The
process monitor 460 is configured as a monitor process (program) operable on the
computer system. The monitor process 460 and the CMSD 400 are stored in the
system memory of the processing sets and are executed by the processor(s) of the
processing sets of the system. The file for the PID 450 can also be held in a system

register or in memory.

The process monitor 460 is able to access the file 452 in order to determine the unique
PID 450 for the CMSD 400. PID 450 is truly unique to the actual invocation of the
CMSD 400, and is not to be confused with a simple name which could be associated
with various versions of the CMSD 400, or even with another process or program
masquerading as the CMSD 400. The process monitor 460 then uses the PID 450
from the file 452 to access status information identified by the PID 450 (at 472) in a
process table (/proc) 470. The process table 470 can be held in a system register or in
memory. The process table forms part of the resources of the operating system 475 of
the computer system. The status information at location 472 in the process table 470
defines the current status of the CMSD 400, and, in particular, indicates whether it is

currently active, and healthy, or whether it has died.

The CMSD 400 is normally started in the same way as any system daemon by a
system process at system start-up. Following this, the process monitor 460 is then

started. The process monitor is then able to monitor the CMSD 400 for failure of the
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CMSD 400. If the process monitor 460 detects failure of the CMSD 400, it initiates a
restart of the CMSD 400.

As mentioned earlier, the CMS 400 serves to provide high level fault tolerance
monitoring for the fault tolerant computer system in that it models the interactions
between the elements of the system and indeed manages the configuration of the
system in response to user requirements. In order to be able to do this in an efficient
manner, the component units and their constituent devices need to be configured in
themselves and the computer system as a whole needs to be configured as regards, for

example, the interactions between the units and/or the devices.

Figure 7 illustrates a FRU 214, which is inserted in a slot 215 in the chassis 200. It
can be seen that the FRU 214 carries a label 234 that can be matched to a label 232
adjacent to the slot 215 to assist in identification of the correct slot 215 for the FRU
214. As illustrated Figure 7, the FRU 214 is an RMM FRU containing a tape drive
236 and a CD-ROM drive 238. The FRU 214 also includes a non-volatile memory
230 which contains configuration information to be used by the CMSD 400 in order
correctly to conﬁgure the FRU 214 and ifs associated devices 236 and 238. The
configuration information can include, for example, a part number and class
information for the FRU. Other information is also provided as will be described

later.

At initialization, the CMSD is operable to probe each slot, or FRU receiving location,
of the chassis looking for the non-volatile memories 230. The class information for
the FRU (here the FRU class name RMM) is used by the initialization component to
derive a path to the CMS object definitions (CMSDEFs) for this class of FRU (here
the RMM class). The CMSDEFs can include initialization code (initialization scripts)
which are specific to the class of FRU and are operable on receipt of the FRU class

and an instance number generated by the initialization component, to produce
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configuration information (configuration scripts) which are then stored in the CMS
configuration file 404, which is held in system storage. If required, the initialization
code can further access the FRU memory for further information needed to generate
the initial configuration information. The configuration statements typically comprise
an object class (e.g. RMM) and instance number (e.g. 1), an attribute (e.g. Action) and
a value (e.g. enable). An example of entries in a CMS configuration file for the FRU

214 of Figure 7 is illustrated in Figure 8.

Once the CMS configuration table has been established and the initial checks have
been completed, the CMSD is then able to establish which FRUs exist from the
information stored in the CMS configuration file. In order correctly to set the device
instances for the tape and CD ROM, the CMS "CMSDEFS" will further interrogate
RMM FRU. The CMS model of the FRU and its devices are dynamically created
from the information in the non-volatile memory 230. Figure 9 illustrates an example

of the CMSDEF’s instances and attributes for the example FRU shown in Figure 7.

The CMSD is operable automatically to generate at least the physical and device
hierarchies by establishing links between the various objects in accordance with the
information in the CMSDEFs, which includes declarations for objects managed by the
CMSD, state evaluations (statements for evaluating the states of objects), and
transition code that is executed when a transition occurs between the states of an
object. The service hierarchy may be partially configured with operator intervention

(e.g., to specify specific services as required by the user).

This process enables the creation of a database for providing a representative state for

starting the CMSD.

The memory in the FRUSs is used to store additional data other than that used

specifically for the configuration process described above. For example, it is
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additionally used to store status information relating to the system operation, in order
that the state of the system can be consistent across re-starts. Also it is used to store a
history for the unit. This information can then be used off-line at some later stage, (for
example on return of an allegedly faulty FRU) to establish whether it is the FRU or,

perhaps, a slot in which it has been inserted, which is faulty.

A power distribution mechanism is described below that can safely power down the
main FRU components in the event of a fault being detected. However, in order to be
able to gain access to the memory in the FRU, the mechanism enables power to be
supplied to the memory in the FRU even if the FRU itself has been powered down on

the detection of a fault.

Figure 10 is a block diagram of a FRU 216 in the form of a PCI carrier assembly. The
PCI carrier assembly 216 includes a PCI carrier connector 512 for connection to a
distribution board of the computer system of Figure 5. The PCI carrier connector 512
is connected to various electrical connections and signal pathways on the PCI carrier

assembly 216.

A PCI connector 516 is connected to a PCI bus 514, which extends between the PCI
carrier connector 512 and bus terminators 518. A 14V power line 522 is provided
between the PCI carrier connector 512 and a DC-DC converter 524 which provides
secondary power conversion to generate a number of alternative power supplies (e.g.,
+12V, +5V and -12V) for powering different types of PCI cards. A PCI card 520 is
shown, in dotted lines, inserted in the PCI connector 516. A separate 5V standby
power line 526 is provided between the PCI carrier connector 512 and an EEPROM
528 that provides the non-volatile memory 230 referred to above. A maintenance bus
530 extends between the PCI carrier connector 512 and the non-volatile memory 230

for reading (and possibly storing) data therein.
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An I/O port 532 is also connected to the maintenance bus. The I/O port 532 allows
power control to be passed from the maintenance bus 530 to the DC-DC converter
524, and allows power status information to be received from the DC-DC converter
for passing to the maintenance bus 530. In the event of a fault, the I/O port is
operable to light a fault light-emitting diode (LED) 534. The fault LED is provided at
the end 546 of the PCI carrier assembly 216 opposite to the end 544 at which the PCI

carrier connector 512 is located.

An injector interlock signal line 536 is provided between the PCI carrier connector
512 and the microswitch 540. The microswitch 540 is operated by means of an
injector lever 542, which also provides securing of the PCI carrier assembly in the
chassis 200 of the computer system shown in Figure 4. A ground connection 538 also
extends from the PCI carrier connector 512 to the various components on the PCI
carrier assembly 216. The microswitch 540 is operable to connect the interlock signal
line 536 to ground potential when closed. The microswitch 540 is closed when the
injector lever 542 is closed and the PCI card is firmly locked in the chassis 200.
When the microswitch 540 is opened, the interlock signal line 536 is floating. The
microswitch 540 is opened when the injector lever 542 is also open and the PCI

carrier assembly 216 is not locked in the chassis 200.

It will be noted that the non-volatile memory 230 is powered from the standby power
line 526, which is separate from the main power line 522 that powers the main

components of the PCI carrier assembly 216.
Figure 11 is a schematic representation of a power distribution module 610, which is
implemented on a distribution card 600 that can, for example, form part of one of the

I/O boards 40/42 shown in Figure 2, or could be provided on a separate board. The

power distribution module 610 includes a connector 612 for cooperating with the PCI
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carrier connector 512 of Figure 10. Power and signal connection lines corresponding

to those shown in Figure 10 are also provided on the power distribution module 610.

Thus, a PCI bus 614 is connected to the PCI bus 512 on the PCI carrier assembly
when the PCI carrier connector 512 is connected to the power distribution connector
612. A main power line 622 connects the distribution module connector 612 to main
power control logic 650. The main power line 622 is connected to the main power
line 522 on the PCI carrier assembly when the connectors 512 and 612 are connected
to each other. A standby power line 626 connects the power distribution connector
612 to standby power control logic 652. The standby power line 626 is connected to
the standby power line 526 on the PCI carrier assembly when the connectors 512 and

612 are connected to each other.

A maintenance bus 630 is also connected to the power distribution connector 612.
This maintenance bus 630 connects to the maintenance bus 530 on the PCI carrier
assembly when the connectors 512 and 612 are connected to each other. An interlock
signal line 636 connects the power distribution connector 612 to the debounce logic
654 and to standby power conffol logic 652. The interlock signal line 636 is
connected to the interlock signal line 536 of Figure 10 when the connectors 512 and
612 are connected to each other. A ground line 638 connects the power distribution
connector 612 to the various circuits 650, 654 and 652 of the power distribution
module 610. The ground line 638 is connected to the ground line 538 shown in

Figure 10 when the connectors 512 and 612 are connected to each other.
The operation of the power distribution module 610 will be described in the
following. When no PCI carrier connector 512 is connected to the power distribution

connector 612, the main power control logic and the standby power control logic are

operable such that poWer is not supplied to the main power line 622 and the standby

DYC REF: PO07776US 23

PATENT

REEL: 010714 FRAME: 0026



10

15

20

25

power line 626, respectively. This is a result of no interlock signal being present in

the interlock signal line 636 as will become apparent from the following description.

When a PCI carrier connector is inserted in the power distribution connector 612, and
the injector lever 542 is closed, locking the PCI carrier assembly within the chassis
200, the microswitch 540 closes, connecting the interlock signal line 536 to ground.
This causes a signal to be supplied to the standby power control logic 652 and to the
debounce logic 654. As soon as the microswitch 540 closes, connecting the line 536
to ground, the standby power control logic 652 is operable to provide a standby
voltage from line 662 (+5V) via the line 626, and the line 526 to the non-volatile
memory 230. Main power is not immediately connected. However, after a short time
determined by the debounce logic 654 (which is powered by the main power supply
VCC 660 (e.g. 14V)), a debounced interlock signal 664 is supplied to the main power
control logic 650. This signal causes the main power control logic 650 to supply the
main power from the supply line 660 via the main power line 622 and 522 to the DC-
DC converter 524. At this time, the main circuitry of the PCI carrier assembly is

powered.

The main power control logic 650 is operable to sense the power supplied over the
main power line 622 to detect any surges in the power supplied over that line. In the
event of a power surge, that 1s an overcurrent, on the main power line 622, which may
be indicative of a fault on the PCI carrier assembly 216, the main power control logic
650 is operative to cut power on the main power line 622. This does not, however,
affect the supply of the standby power on standby power line 626 from the standby

power control logic 652.

The main power control logic 650 is configured such that main power is only supplied
again over main power line 622 following removal of the PCI carrier assembly 216

and reinsertion of a PCI carrier assembly 216. Accordingly, the main power control
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logic 650 requires the removal of the injector interlock signal from line 536 (the
ground connection is removed from the interlock signal line 536 by opening of the
microswitch 540 in response to opening of the injector lever 542), followed by
reinstatement of the interlock signal 536 ( the ground connection is reestablished by
closing of the microswitch 540 in response to closing of an injector lever 542 of the

replacement PCI carrier assembly).

Figure 12 is a circuit diagram of main power control logic 650. This shows a power
switch 682 in the form of a semiconductor device (here an N-channel field effect
transistor), and a switch control circuit 670 for controlling the power switch 682. The
switch control circuit 670 includes an input 672 connected to the debounced interlock
signal line 664, a power input 680 connected to the main power line 660, a gate output
678 connected to a gate of the switch 682, a ground connection 676 connected to
ground and a sense input 674 connected to a power overload sensing circuit 684. The
switch control circuit 670 also includes enable, shut down and status connections that

are not relevant to an understanding of the present invention.

In operation, the overload sensing circuit 684 is operable to sense a significant change
in the current supply demanded by the PCI carrier assembly 216 of Figure 10.
Resistors 690 and 692 define a voltage divider of the sensor circuit and the diode 690
senses an inrush current as an overcurrent fault signal. The rectifier 696 defines a
clamp voltage for the transistor switch 682. The overcurrent fault signal (i.e. a signal
indicative of an overcurrent being sensed) is received at the sense input 674 of the
switch control circuit 670 and is operable to remove the signal output from the gate
circuit 678, turning off the switch 682, and cutting the main power supply via the line
622 to the main power line 522 of the PCI carrier assembly 216. The switch control
circuit 670 is responsive to removal of the debounced interlock signal on line 664
followed by the return of the interlock signal on the debounced interlock signal line

664 to reinstate a switch output at 678 causing the switch 682 to once more supply
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main power to the main power line 522 of the PCI carrier assembly 216. As
mentioned above, the debounced interlock signal 664 corresponds to placing the input
672 at ground potential. The logic implemented by the switch control logi¢ 670 1s
illustrated below wﬁh respect to the flow diagram of Figure 15. Any suitable
implementation of the control logic 670, whether hardware gates, or software code,

can be used according to a selected embodiment.

Although, in the present embodiment, sensor circuitry is provided for detecting an
overcurrent, in other embodiments one or more sensors for detecting one or more
other fault conditions (such as, by way of examples, an overvoltage, an undervoltage,
an excess temperature) could be provided in addition or instead of the overload

sensing circuitry for detecting an overcurrent.

Figure 13 is a circuit diagram for the standby power control logic 652. With the
standby power control logic 652, standby powér is provided on standby power line
626 from the standby power supply line 662 when the semiconductor switch (herea
transistor switch) 710 is closed in response to an interlock signal supplied on line 636.
The interlock signal on line 636 is supplied directly to the standby power control
logic 652. Thus, it does not pass via the debounce logic 654. Accordingly, at any
time when the PCI carrier assembly is located in the chassis with the PCI carrier
connector 512 connected to the power distribution connector 612, and with the
injector lever 542 closed, which in turn closes the microswitch 540, standby power is
provided to the non-volatile memory 230. This supply of standby power to the non-
volatile memory 230 is irrespective of whether main power is supplied to the main

PCI carrier assembly circuitry, that is irrespective of whether there is a fault, or not.

The debounce logic 654 is provided to ensure that the logic employed in restoring
main power is not inadvertently operated in response to transient interlock signals on

the line 536 relating, for example, to bouncing of the microswitch 540.
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Figure 14 is a representation of debounce logic 654, which essentially comprises a
pull up resistor 720, an RC delay circuit 722 with a Schmitt trigger 724 for controlling
the transition between a floating potential when the interlock signal line 536/636 is
not grounded and ground potential when the interlock signal line 536/636 is grounded.
The RC delay circuit 722 and the Schmitt trigger 724 have the effect of preventing a
very rapid change in the interlock signal resulting from switch bounce, for example,
causing incorrect triggering of the main power control logic, while still providing for
a positive signal change between a situation where the interlock signal line 536/636 is
grounded via the microswitch 540 and a situation where it is at a floating potential

under the effect of the pull-up resistor 720.

Figure 15 is a flow diagram illustrating the logic involved in initially applying power
to the main power line 622/522, removal of the main power in the event of a fault, and
reinstatement of main power following a fault and replacement of a PCI carrier
assembly. This sets out the logic employed by the main power control logic 650 and

the standby power contro! logic 652 and the debounce logic 654.

Thus, in Step S10, the PCI carrier assembly 216 is inserted and connection is made

between the connectors 512 and 612.

In Step S12, on closing the injector lever 542, the microswitch 540 closes, grounding
the interlock signal line 536. This provides an interlock signal, which causes standby
power to be provided by the standby power control logic 652. The interlock signal on

lines 536/636 is also passed to the debounce logic 654.

In Step S14, after a time determined by the debounce logic 654, the debounced
interlock signal 664 also passes to ground, causing main power to be supplied on line

622 by the main power control logic 650. It is assumed that normal operation of the
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PCI carrier assembly is then possible. In normal operation, normal connections to the
PCI card can be achieved via the PCI bus 514, with the PCI card 520 being powered

by the DC-DC power converter 524, which provides power at an appropriate voltage.

If, in Step S16, a fault is detected by the sense circuitry 684, then in Step S18, main
power is disabled by the main power control logic 650. This is in response to the
power control circuit 670 receiving a signal at the sense input indicative of, for
example, a power surge. Disabling of main power does not, however, cause standby
power to be removed. Thus, following Step S18, it is no longer possible to operate
with the PCI card, as main power on line 522 in Figure 10 has been removed.
However, it is still possible to access the non-volatile memory 230 via the
maintenance bus 530, as standby power on line 526 is still supplied via line 626 from

the standby power control logic 652.

It should be noted that the sort of fault which could be detected in S16 can relate to a
fault within the PCI carrier assembly itself, or alternatively a fault in the connection
between the connectors 512 and 612. Thus, for example, if individual connectors
were broken, bent or bad connections of the individual connection lines to the
connectors were made, whereby a short circuit occurred, this could be detected by the

fault sense circuit 684 of the main power control logic 650.

Accordingly, even in a powered down condition, of the FRU, it is possible for the
CMS to interrogate details of the faulty PCI carrier assembly, including the FRU
identification data, and also any history (e.g., fault history) data logged in the non-
volatile memory 230. Optionally, the CMS can also be configured to write to, where

appropriate, the non-volatile memory 230.

Subsequently, in Step S20, a maintenance engineer will remove the PCI carrier

assembly 216 from the chassis 200. This will involve opening the injector lever 542,
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which in turn opens the microswitch 540. This results in the interlock signal line 536
no longer being tied to ground, whereby the removal of the interlock signal can be
detected by the switch control circuit 670 of the main power control logic 650 via the
debounce logic 652. The standby power control logic 652 is also responsive to
removal of the interlock signal on opening the microswitch 540 to cut the supply of

standby power on line 626/526 to the non-volatile memory 230,

In Step S22, a new PCI carrier assembly 216 is inserted into the chassis 200 by the
maintenance engineer. After making connection between the connectors 512 and 612,
the engineer closes the injector lever 542 to mechanically lock the PCI carrier
assembly 216 in the chassis 200. This also causes closing of the microswitch 540,
causing the interlock signal to be supplied on line 536 by tying the potential of that

line to ground.

The interlock signal is detected by the standby power control logic 652, causing
standby power to be supplied once more by line 626 and 526 to the non-volatile
memory 230. The interlock signal is also detected on line 636 by the debounce logic

654.

In Step S24, after the time determined by the debounce logic 654, the debounced
interlock signal 664 once more goes to zero. This is detected by the switch control
circuit 670 of the main power control logic 650, causing power to be restored on line

622 for supply via line 522 to the DC-DC converter of the PCI carrier assembly 216.

Figure 16 is a perspective end view of a PCI carrier assembly 216. It can be seen that,
in the present embodiment, the PCI carrier assembly includes a board 720 carrying the
various components and an end plate 730 which is provided at the outer end 546 of
the PCI carrier assembly 216, that is the end opposite to that at which the PCI carrier

connector 512 is located. The end plate 730 carries the fauit LED 534 and also carries
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the injector lever 542. The injector lever 542 is provided with a mechanical latching
portion 732 that engages behind a portion 734 of the chassis 200. The microswitch
540 is contained in housing 734 and is operated on closing the injector lever 542 (i.e.,
the position where the lever 542 becomes flush with the surface of the end plate 730

and the latching portion 732 engages behind the chassis portion 734).

As will be appreciated from the above, power off and power on control can be
effected on a power distribution plane, for example on a motherboard of the system, in
response to mechanical operations of an injector interlock lever on the FRU. The
described arrangement provides both reliable fault detection and reliable powering off
and on during FRU removal and FRU insertion operations. Both the fault detection

and the powering off and on is effected automatically.

Security and safety is enhanced when hot swapping FRUs as a result of the automatic
powering down and powering up of the FRU in the event of a fault associated with the
FRU and during the FRU removal and FRU insertion processes. Moreover, the
provision of a separate power feed to the memory in the FRU that is used to hold
configuration and status data for the FRU means that remote access for monitoring
and processing fault and status histories and for on-going configuration tasks can be
performed even when the main FRU components have been powered down following

a fault.

The present invention has been described in the context of a PCI carrier assembly for
use in a fault tolerant computer system as shown in Figure 4. It will be appreciated,
however, that the present invention could be applied to any other FRU for use in the
computer system shown in Figure 4, or indeed in any FRU for use in any computer or
other electronic equipment which requires the advantages of the present invention.
Also, although an example of the invention has been described in the context of a fault

tolerant computing system, it is not limited in its application to such a system.
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It will be appreciated that aithough particular embodiments of the invention have been
described, many modifications/additions and/or substitutions may be made within the
spirit and scope of the present invention as defined in the appended claims.
Accordingly, the particular example described is intended to be illustrative only, and

not limitative.
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WHAT IS CLAIMED IS:

1. A power sub-system of electronic equipment for controlling the supply of
power to a field replaceable unit, the power sub-system comprising a main power
controller that supplies main power to at least a first component of the field
replaceable unit, and a standby power controller that supplies standby power to at
least a second component of the field replaceable unit, wherein the main power
controller is operable to switch off the supply of main power to a first component in
response to the detection of a fault whereas the standby power controller maintains the

supply of standby power to the second component

2. The power sub-system of claim 1, wherein the standby power controller is
operable to switch off the supply of standby power to the second component in
response to a first change in state of an interlock signal that is indicative of the field

replaceable unit being released.

3. The power sub-system of claim 2, wherein the standby power controller is
operable to switch on the supply of standby power to the second component in
response to a subsequent, second change in state of an interlock signal indicative of

the field replaceable unit being secured in position.

4. The power sub-system of claim 1, wherein the main power controller is
operable to switch on the supply of power to the first component in response to the
first change in state of an interlock signal indicative of the field replaceable unit being
released, followed by a second change of state of the interlock signal indicative of a

field replaceable unit being secured in position.
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5. The power sub-system of claim 1, wherein the main power controller
comprises a first logic circuit and the standby power controller comprises a second

logic circuit.

6. The power sub-system of claim 5, wherein the main power controller
comprises a sensor circuit responsive to an overcurrent on a main power line to
generate a signal, the first logic circuit being connected to the sensor circuit to receive

the signal therefrom in response to an overcurrent on the main power line.

7. The power sub-system of claim 1, comprising an interlock signal line that
carries an interlock signal when the field replaceable unit is locked in the electronic

equipment.

8. The power sub-system of claim 7, wherein interlock signal is a predetermined

potential on the interlock signal line.

9. The power sub-system of claim 7, comprising debounce logic connected
between the interlock signal line and the power controller for debouncing the interlock

signal prior to supply to the main power controller.

10. The power sub-system of claim 9, wherein the standby power controller is

directly connected to the interlock signal.
11. The power sub-system of claim 1, comprising a connector arrangement for
connecting a main power line and a standby power line to corresponding main and

standby power lines, respectively, of the field replaceable unit.

12. Electronic equipment including a power sub-system for controlling the supply

of power to a field replaceable unit, the power sub-system comprising a main power
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controller that supplies main power to at least a first component of the field
replaceable unit, and a standby power controller that supplies standby power to at
least a second component of the field replaceable unit, wherein the main power
controller is operable to switch off the supply of main power to a first component in
response to the detection of a fault whereas the standby power controller maintains the

supply of standby power to the second component.

13. The electronic equipment of claim 12, comprising a computer system, the field

replaceable unit being a computer system component.

14. The electronic equipment of claim 13, wherein the computer system is a rack-

mounted computer system.

15. The electronic equipment of claim 13, wherein the computer system is a fault-

tolerant computer system.

16. The electronic equipment of claim 12, further comprising a field replaceable
unit, the field replaceable unit comprising a power converter as the first component

and a memory device as the second component.

17. The electronic equipment of claim 12, further comprising a field replaceable
unit, the field replaceable unit including an interlock mechanism for locking the field
replaceable unit in the electronic equipment, an interlock switch operated by the
interlock mechanism and an interlock signal line, the interlock switch connecting the
interlock line to a source of a predetermined potential when the interlock mechanism

locks the field replaceable unit in the electronic equipment.

18. The electronic equipment of claim 17, wherein the predetermined potential is

ground potential.
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19. The electronic equipment of claim 17, wherein the field replaceable unit is a

PCI card carrier assembly.

20. The electronic equipment of claim 17, wherein the power converter is operable
to supply a selectable one of a plurality of different voltages to a connectable PCI

card.

21. The electronic equipment of claim 15, wherein the power sub-system and the
field replaceable unit comprise co-operating connector arrangements for
interconnecting a plurality of power and signal lines of the power sub-system to a

corresponding plurality of power and signal lines of the field replaceable unit.

22. A field replaceable unit for connection to a power sub-system of electronic
equipment, the field replaceable unit including a power converter as a first
component, a memory device as a second component, a main power line connected to

the power converter and a standby power line connected to the memory device.

23. The field replaceable unit of claim 22, comprising an interlock mechanism for
locking the field replaceable unit in the electronic equipment, an interlock switch
operated by the interlock mechanism and an interlock signal line, the interlock switch
connecting the interlock line to a source of a predetermined potential when the

interlock mechanism locks the field replaceable unit in the electronic equipment.

24. The field replaceable unit of claim 23, wherein the predetermined potential is

ground potential.

25. The field replaceable unit of claim 22, wherein the field replaceable unit is a

PCI card carrier assembly.
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26. The field replaceable unit of claim 22, wherein the power converter is operable
to supply a selectable one of a plurality of different voltages to a connectable PCI

card.

27. The field replaceable unit of claim 22, comprising a connector arrangement for
interconnecting main and standby power lines of the field replaceable unit to

corresponding main and standby power lines of the power sub-system.

28. A method of controlling a supply power to a field replaceable unit for
electronic equipment, the method comprising:

supplying main power to at least a first component of the field replaceable unit and
supplying standby power to at least a second component of the field replaceable unit;
and

in response to detection of a fault, switching off the supply of main power to the first
component in response to the detection of a fault but maintaining the supply of

standby power to the second component.

29. The method of claim 28, wherein detection of a fault is detection of an

overcurrent on a main power supply line.

30. The method of claim 28, wherein the second component comprises parameter

storage.

31. The method of claim 29, wherein the first component comprises a power

converter.
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32. The method of claim 28, comprising switching off the supply of standby
power to the second component in response to a first change in state of an interlock

signal indicative of the field replaceable being released.

33. The method of claim 32, comprising switching back on the supply of standby
power to the second component in response to a subsequent, second change in state of

an interlock signal indicative of the field replaceable unit being secured in position.
34. The method of claim 28, comprising switching on the supply of power to the
first component in response to a first change in state of an interlock signal indicative
of the field replaceable unit being released, followed by a second change of state of

the interlock signal indicative of a field replaceable unit being secured in position.

35. The method of claim 34, comprising debouncing the interlock signal prior to

using the interlock signal to control the supply of main power.

36. The method of claim 35, comprising using the interlock signal directly for

controlling the supply of standby power.
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ABSTRACT OF THE DISCL.OSURE

PROVIDING STANDBY POWER TO FIELD REPLACEABLE ITS -
FOR ELECTRONIC SYSTEMS

A power sub-system controls the supply of power to a field replaceable unit. The
power sub-system includes a main power controller that supplies main power to at
least a first component of the field replaceable unit, and a standby power controller
that supplies standby power to at least a second component of the field replaceable
unit. The main power controller is operable to switch off the supply of main power to
a first component in response to the detection of a fault, whereas the standby power
controller maintains the supply of standby power to the second component. By
providing separate power controllers for main and standby power, it is possible to
maintain power to one or more selected components of the FRU in the event of a fault
that requires main power to the FRU to be cut. Standby power is switched off
automatically in response to a first change in state of an interlock signal that is
indicative of the field replaceable unit being released. Standby power is switched on
automatically in response to a subsequent, second, change in state of an interlock
signal indicative of the field replaceable unit being replaced. In this manner, standby
power is cut automatically when a service engineer releases the FRU for removal and

is restored automatically when the FRU is secured following replacement.
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