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SERIAL INTERRUPT BUS PROTOCOL

BACKGROUND OF THE INVENTION

1. EIELD OF THE INVENTION

The present invention relates to computer system peripheral
connections. More particularly, the present invention relates to handiing
multiple possible interrupts in computer systems utilizing a serial

peripheral interrupt bus.
2. ART BACKGROUND

In the computer industry, one widely accepted system architecture
for personal computers has been the AT system design. Prior systems
incorpérating this archit_ecture included syStem buses implemenﬁng the
ISA, and then later, the_ EISA bﬁs protbcolé. This pbtocbl defines fifteen
distinct system interrupts for use by various combonenté within the
system. Thesé interrupts are cllesignate.d- IhQO through IRQ15 with one
of the IRQ signals such as IRQé being dedicated for use within the

system's programmable internjpt controller (PIC) mechanism.

- The above described computer systems that ir_nplement the ISA or
EISA bus protocol interrupt mechanism generally incorporate an interrupt
controller that receives the various IRQ signals and, in response thereto,
provides a signal to the system's central processing unit (CPU) indicating

~ the existence of a pending interrupt. The CPU, in response to an active
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interrupt signal,-ackno\rvledges the interrupt signal to the interrupt
controller whereupon the interrupt controller provides a code vector to the
CPU for executing the appropnate mterrupt service routine (ISR). One
such interrupt controller now well known is the Intel 8259 peripheral
interrupt controller (PIC). Inone embodlment that interrupt controller is
capable of receiving eight distinct IRQ s:gnals To support the full range
of IRQ signals [0:15)}, a first PIC receives IRQs 8-15 and generate an
interrupt signal output as response thereto. The output of the first PIC is
then provided as the IRQ2 input to asecond PIC with the other seven
inputs comlng from other components. The second PIC supplies its
output to the CPU. In this manner, two elght-IRQ input PiCs are chained

together to provide for tlfteen possible IRQ sngnals wnt_hm the system.

The above mterrupt s:gnahng protoool suffers some unfortunate
dlsadvantages Whrte some computer system components are
designated to provude a speonfic IRQ output to the system PIC, other
components are left free to be confngurated for multxple possible IRQ
sngnals Under conventlonal penpheral desngn methods, this would
requwe a separate pin for each lnterrupt that the devnce mlght use,
conceivably up to fifteen plns to direct 15 posslble ISA IRQ mterrupt
signals. Each of these pms would dnve a separate signal line to the

- system PIC for signaling the CPU when an interrupt needed to be
serviced. In addition to driving up the cost of implementing peripherals,
this increases the complexity and the size of the peripheral's
interconnections. This has become a greater concern recently with the
reduction in size of computer systems, particularly portable and notebook

: -

i



WO 96/18150 PCT/US95/15824

class systems. It is therefore an object of the present invention to reduce
~ the pin requirements and complexity of implementing peripherals that

may be configured for multiple interrupts.
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" SUMMARY OF THE INVENTION
From the foregoing, it can be app_reciated.that_ a computer
system's architecture may be enhanced in a manner that reduces the
cost of implementing peripherals, as well as lfeducing peripheral pin
requirements while still complying with a mul_tiple-pin interrupt protocol.
Accordingly, it is an object of the present invention to provide a method
and apparatus for implementing a serial bus protocdl which allows system
peripherals or components to be configured for generating any '
predetermined interrupt signal without requiring a dedicated pin for each
possible interrupt signal. Particularly, it is an object of the present
_inven_tion to provide a protocol for peripherals implemented on a serial
_interrupt bus to generate any IRQ signal through the use of two pins
which propagate signals in accordance with the protocol of the present

invention.

In one embodiment of the present invention, a computer system is
implemented having both a primary and secondary serial interrupt bus.
The serial interrupt bus provides a clocking signal to peripherais attached
to the buses as well as the propagated interrupt signals through a chain
of peripherals implemented on the bus. Primary and secondary serial

. interrupt buses are illustrated in the one embodiment to highlight the
suitability of the present invention for use in notebook computers that may
at some times be docked in a docking station. The primary serial
interrupt bus is used in this embodiment for peripherals associated with

the portable computer, while peripherals associated with the secondary.
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“serial interrupt bus are associated with the docking station. This also
serves to illustrate the functionality of a serial interrupt bridge component
for including peripherals of the secondary interrupt bus in the serial

interrup{ peﬁpheral chain to be described below.

The computer architecture of the described embodiment includes a
- peripheral interrupt controller (PIC) niechanism for signaling the system
processing unit when a pending interrupt_ needs to be serviced. The
~ peripheral interrupt controller mechanisrﬁ receives as inputs the fifteen
possible IRQ signals in accordance with the ISA or EISA bus interrupt
protocols. The PIC mechanism receives these IRQ signals from a serial

interrupt controller (SIC) which drives the serial interrupt bus.

In accordance with the embodirhent of the present invention, each
peripheral in the computer system ne‘ed only dedicafe two pins for
interrupt signaling. Each has a serial output pin (Sout) and serial input
pin (Sin). The serial intérrupt controller also has an Sout pin coupled to
the Sin pin of the first peripheral residing in the serial bus (or to a serial
interrupt bridge (SIB) if one is implemented for potenﬁal docking
purposes). The Sgout pin of the first peripheral (or the SIB) is coupled to
the Sin pin of the next peripheral in a serial peripheral chain. Its Sout pin
is then coupled to the next Sin pin continuing down the line of peripherals

_implemented on the serial bus. The last peripheral in the chain has its

Sout pin coupled to the Sin pin of the serial interrupt controller.

in one embodiment of a computer system WhICh |mplements a

~ bridge, the SIB utilizes four pins. It has a first Sin pm which receives the
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output of the Sout pin from the SIC. The SIB also has two Sout pins.
Thle first Sout pin of the bridge drives its stgnal_t_o the Sin pin of the first
_peripheral implemented on the secondary serial interrupt bus. The
peripherals of the secondary bus are chai_ne_d through their Sout and Sin
pins in the same manner as the peripherals of the primary serial interrupt
bus as described above. ‘The Sout pin of the 'iast peripheral and the
secondary bus dnves the second Sin mput to the SIB. The SIB then
dnves |ts second Sout signal to the Sm prn of the first peripheral of the
pnmary bus, thus eftectlvely addlng all the secondary bus peripherals to

the darsy cham of the pnmary bus penpherals in the system

In the one embodiment of the pres_ent invention in which the
_ secondary bus represents a docking station peripheral bus, the
.secondary bus becomes active only when the system is docked,
- otherwise only the pnmary bus is used. In the latter case, the bridge

forwards serial mte_rrupt srgnals to the first peripheral of the primary bus.

Each peripheral implemented for use on the serial interrupt bus '
incorporates within it serial interrupt peripheral (SIP) logic. Each SIP
logic and the SIC are clocked to the same clock. Each has logic for
following a state diagram which cycles for one clock cycle through each
of the possible IRQ interrupt states. Each peripheral in the serial chain
remains one state ahead of the peripheral behind it. ‘When a peripheral
needs to send a particular IRQ signal to the system PIC, it will send an
active srgnal out through its Sin pin only when it is in the corresponding
IRQ state of the SIP logic state machine. Each peripheral in the chain will
forward any srgnals received on Sin through its output Sout. The SIC,
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which in one embodiment resides in the system I/O controller, includes
state machine logic for running the same state machine as the SIP logic.
Accordingly, when an active signal is forwarded to the SIC from the Iést
peripheral in the serial chain, the SIC is made aware of which IRQ signal
needs to be provided to the system PIC. This provides a mechanism for
'any number of peripherals in a computer system to generate any possible
system IRQ interrupt signal without requiring a dedicated pin for each
‘one. It further allows for the éharing of IRQs because multiple peripherals
can send an active Signal in the same IRQ state with the assurance that

the SIC will forward the proper IRQ signal to the system PIC.

in one embodiment of the preseni invention, provision is also

made for the SIC to directly provide a system management interrupt
(SM) to the system CPU, bypassing the system's PIC. The SIP logic of
 each peripheral and the SIC logic each include a state for generating the

system management interrupt (SMI).
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' BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present invention will

be made apparent from the following detailed-description in which:

Figure 1 illustrates a block diagram of a computer system
architecture impiementing the serial interrupt bus protocol in accordance ‘

. with'one_embodimen_t of the present invention..

Figure 2 illustrates a state diag_rém to be implemented by the
serial interrupt logic associated with each peripheral implemented on the __

serial interrupt bus in accordance with the present invention. -

Figure 3 illustrates atirhing 'diagrahr s_h_owing the intérrupt pin —
signaling states through a serial interrupt 6ha_in. -

Figure 4 illustrates a timing diagram for a peripheral or bridge to-
‘start the bus clock for the sending of interrupts.

Figure 5 illustrates a generalized state diagram for serial interrupt

peripherals in accordance with the present invention.--
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DETAILED DESCRIPTION OF THE INVENTION

" ‘A'method and apparatus are provided for an interrupt signaling
protocol in a computer system that implements a serial interrupt bus. In
this detailed description, one embodiment of a computer system is
described which includes both a primary and a secondary s'en'al'interrupt
bus, consistent with a dockable portable computer and peripheral
components associated with both the portable computer and a docking
station. It should be understood that this is for the purpose of illustration
and is not provided as a limitation in that the present invention may be
practiced with other computer systems where it is desirable to implement

a serial interrupt bus to achieve the advantages of the present invention.

Throughqut this detailed description, numerous specific details are
set forth such as particular signal names, bus_- protbcols and computer
“architecture types, in order to provide a thorough understanding of the
present invention. It will be appreciated by one having ordinary skill in the
art that the present invention may be practiced without such specific
" details. In other instances, well known components, structures and
techniques have not beén described in detail in order to avoid obscuring
the subject matter of the present invention. Particularly, much of the
- functionality of the present invention is going to be described in terms of
state diagram logic and timing diagrams to be implemented by various
types of Iogié circuitry. It will be understood by those having ordinary skill
- in the art that the functionality of the present invention may be

implemented by various techniques including, but not fimited to, the use



‘WO 96/18150

of applications specntrc integrated circuits (ASICs) programmable logic
devices such as PALs and PLDs, or dedicated logic cnrcurtry in addition,
_ signal names ;ide_ntifle_d inthis det_arl_ed-descnptron are in some cases
" described to be active-in one state and inactive in another state. The
: teachings‘ of the present invention are of course applicable for the

inverted case as well. .

Refemng now to Flgure 1, a computer system architecture which
may mcorporate the present mventron is |Ilustrated The computer ‘
| system archltecture ot Flgure 1is |Ilustrated $0'as to hlghhght the

| hlerarchlcal mterrupt orgamzatlon ot the archltecture Numerous

| 'components of the computer system not affected or involved within the
present mventron are not shown It can be seen that the computer
system includes a central processing unit (CPU).10 that is coupled to
memory bus 15 for. communication with the computer system's memory
system (not shotun)-- The illustrated CPU 10 is also shown receiving two
control signals from the system 1/0. controller 20. These are |dentrf|ed as
the INTR interrupt signal to the CPU and the system management
interrupt (SMI). As will be described more fully below, the INTR signal to
the CPU is the conventional signal from the system's peripheral interrupt
controller mechanism (PIC) 22 which informs the CPU 10 when a system

. component requires the CPU to execute an interrupt service routine

(ISR).

In one embodlment ot the present invention, the CPU 10is a
mlcroprocessor desngned in accordance with the Intel Microprocessor

Archltecture This architecture supports a mode of operatlon referred to
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as system management mode (SMM). Forthe support of system
managerhent mode, the CPU .in certain circumstances must receive a
special interrupt from the various peripherals of the system referred to as
a system management interrupt (SMI). Accordingly, the CPU 10 of the
illustrated computer architecture is shown receiving the SMI interrupt for
lsystem management interrupt processing as well as the conventional

INTR interrupt signal.

The system I/O controller 20 includes the peripheral interrupt
controlier (PIC) mé_cha_nism 22 for the computer system. As described
above, this may be two Intel 8259 PICs configured in such a manner as
to receive the fifteen possible IRQ sighals from the varying system
components and in response thereto, provide the INTR signal to the CPU
10 In alternative embodiments, other PIC mechanisms may be
lmplemented which perform the same functionality. The system 11O
‘controller 20 also includes the serial interrupt controller (SIC) 25 of the
present invention. _As will be described more fully below, the SIC 25
implements the serial interrupt protocol of the present invention for
detecting particular IRQ requirements from the system peripherals and
providing the appropriate IRQ input signal to the system PIC 22. The SIC
25 further provides the SM! interrupt signal to the CPU 10 when one of

- the system peripherals implementing the present invention protocol
indic'ates-the need for a system manégément interrupt. The PIC 22 s
also coupled to recelve IRQ s:gnals from other system components such

_asthose lmplemented on the computer system's motherboard or through

another mechanism mdependent of the serial mterrupt bus.

This Sheet Has Been Replaced
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" In accordance with the illustrated embodiment of the present

| invention, the serial interrupt bus is shown as a primary serial interrupt

~ bus for coupling penpherals 30, 31, and 32 of the computer system.

~ Thereis alsoa secondary serial mterrupt bus for coupling peripherals 41
and 42. ltis envisioned that the present invention is suitable for use in
portable computing systems which may be "docked" through a docking
station illustrated as dock 45. The serial interrupt protocol of the present
invention serves for handlmg mterrupt signals generated by both the
penpherals on board the ponable computrng system such as penpherals

| 30 3, and 32 as well as penpherals assocrated wrth the dockmg station
such as penpherals 41 and 42. With, respect to the primary and
secondary senal mterrupt buses rllustrated in Frgure 1,it can be seen
that they are comblned through a senal mterrupt brrdge 40, about which

or_e will be described below.

- Each of the peripherals associated with the serial interrupt bus
~ protocol as well as the serial i'nterrupt controller and the serial interrupt
bridge receive clocking signals, PCICLK, and CLKRUN#. The actual
timing of signal propagation in accordance with one embodiment of the
present invention will be descried more fully below' with respect to timing

. diagrams of Figures 3 and Figure 4.

System penpherals rmplementlng the serial mterrupt bus protocol
of the present mventron need only dedrcate two pms for its operation.
These are desrgnated Sout and Sin. Thls is also true for the serial
interrupt controller 25. The penpherals of the present invention are

chained together such that the Sout srgnal from the SIC 25 is provided as

—_
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the Sin signal to the first peripheral (or bridge) of 'the serial interrupt chain.
The last peripheral in the chain 32 receive its Sin signal from the Sout pin
‘of the second to last peripheral 31 in the chain. The last peripheral in the
chain drives ts Sout pin to the Sin pin of the SIC 25.

When a éerial interrupt bridge (SIB) 40 is implemented, it includes
two Sin pins and two Sout pins. Its Sing pin receives a signal from the

Sout from the SIC 25. When the computer system is docked through
docking. station 45, the serial interrupt bridge provides an Sout1 signal to
the Sip input of the first péripheral 41 of the secondary serial interrupt
bus. The peripherals on the secondary interrupt bus are chained together
in the same manner as the peripherals on the primary serial interrupt bus.
The last peripheral 42 of the secondary serial interrupt bus drives its Sout
signal to the Sino pin of the SIB 40. The SIB 40 then has a Souts pin
coupled to drive a signal to the Sin input of the first peripheral 30 on the
primary serial interrupt bus. -When a bridge is preseht in the system, but
the system is not docked, the SIB 40 forwards signals received on its
Sinq pin through its Souta pin ignoring the pins that would be coupled to

the secondary serial interrupt bus when docked.

In Figure 1, the various peripherals 30, 31, 32, 41 and 42 are not
identified with resbect to the typé of peripherél they are." Ahy peripheral
component may incorpérate the present invention for implementation on

the serial interrupt bus. Only the serial interrupt peripheral (SIP) logic
" incorporated within each p'eripheral is illustrated in the figure. It is to be
understood that each of the peripherals in the system may designate a

different IRQ signal when requiring the servicing of an interrupt. Further,
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it is understood that some per_ipher_als may .be configured to request
different IRQ inputs to be provided to the system PIC 22. Each
peripheral's SIP logic, the SlB 40, and-'the_:.;SIQ 25 will incorporate state
machine logic for following the state diagram illustrated in Figure 2. In
aocordance wrth the protocol of the present invention, each peripheral's

| SlP logic | forwards through its Sout pm the srgnal value received on its Sin

.I pin the previous clock cycle In accordance wrth one embodrrnent of the
present invention, it wrll assumed that the Sin srgnal is actrve in the low

logic state. Of course thrs ‘may be mverted in an a|ternat|ve embodiment.

When no peripherals on the serial interrupt bus require an interrupt
to be serviced, each Sout pin is pulled to a high state. The state machine
logic for any given penpheral is initially in the stop state 220. When the
SIP logic of a peripheral such as peripheral 32 sees an active value on its
input pin Sin (Sin gets pulled low) the SIP logic transitions to the start
message state 200. The peripheral then forwards an active signal
through its Sout pinto the Sin pin of the next peripheral in the chain. In
the case of peripheral 2, it propagates an active Sin signal to the SIC 25.
This causes the SIC 25 to transition to the start message state 200 in its
state machine logic. At t'_hat time, the periphera_l behind it in the serial

chain has progre_ssed one state in its state machine to the SMi state 201.

- if peripheral 32, the last peripheral in the serial interrupt chain,
receives an active value on its input pin Sin when it is in the SMI state
201, it forwards that active signal on the rising edge of the next clock
cycle to the Sin pin of SIC 25. If the SIC 25 receives an active signal on

its Sin pin when its state machine logic is in _the_.SM,l state 201, it

This Sheet Has Been Relplac
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propagates an interrupt signal to the system management interrupt (SMI)
input of the CPU:10. This allows the CPU.10.to immediately process

system management interrupts.

As was noted above each peripheral in the chain of peripherals on
the serial lnterrupt bus mcludes state machine logic which follows the
state diagram illustrated in Figure 2. _The state machines for each
peripheral remain in each state of the state diagram for one clock cycle
when not in the stop state 220. The transifion from the stop state 220 to
the start message' state 200 occurs upon the firet reception of an active
value on the peripheral's Sin pin. Each peripheral continues to forward
through its Sout pin the signal that was received on its Sin pin in the
previous ciock eycle except when ihe peripheral is in the state it wants to
drive an active inten_'upt for. Accordingly, it can be seen that the SIP logic |
of each peripheral is one state ahead of the peripheral immediately

preceding it in the serial interrupt chain.

‘When a peripheral wishes to signal a particular IRQ signal, it will
only do so by providing an ac_:tivé signal through its SoUt pin when itis in
the corresponding IRQ state of the state diégrarh of Figure 2. All other

“outputs by the peripheral on its Sout pin will be the value received on its
Sin pin. For _exarriple, it per_ip_herél 30, as illustrated in Figure 1, needs to
signal an IRQ12 to be serviced by the CPU 10. when its state machine
logic is |n the IRQ12 state 213 nt will propagate an active sngnal through
its Sout pin. At that time, penpheral 31 will be in the IRQ11 state 212
while penpheral 32 will be in the IRQ10 state 211. Similarly, at that time
the SIC 25 will be in the IRQ9 state 210. One clock eycle after the SIP
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logic 30 propagates an active signal through its Sout pin, the SIP logic 31
will then be in the IRQ12 state 213 and receive an active signal through
its Sin pin. Again, the peripheral 32 will still be one state behind the
penpheral 31 and will be in the IRQ11 state 212 whlle the SIC 25 is in the
IRQ10 state 211 This slgnal will contlnue to propagate in thls manner,
such that when it recelved by the SIC 25, the SIC 25 wrll be in the IRQ12
state 213. Accordmgly. the SIC 25 wiill be capable of detectmg whuch IRQ
signal, IRQ12, should be provrded to the system PIC 22 based on an
active srgnal that was output through the Sout pm of the SIP loglc 30
three clock cycles earher In thls manner, only two pins are requnred for
each peripheral on the serial mterrupt bus for propagatmg potentlally any

number of possrble IRQ mterrupts m the computer system

" The above interrupt signaling principle works as well for a portable
computer system that is docked through a docking unit 45: In this
situation, the serial interrupt bridge (SiB) 40 comes into play. The SIB 40
lncludes state machine Ioglc which also follows the same state machine
illustrated by the state dlagram of Flgure 2. When the SIB 40 receives its
first. actlve sngnal through Sin, |t transmons from the stop state 220 to the
start message state 200 Then assummg the bridge is actlvely docked to

~ asecondary serial interrupt bus, 1t wrll propagate on the next clock cycle
- an actlve signal through its Sout1 pm to the first penpheral on the
secondary serial mterrupt bus cham in thrs case the one havrng SIP logic
41. The SIB 40 will then transmon to the SMI state 201. When the SiB
40isinthe SMI state 201, the first penpheral has transrtloned to the start

message state 200.
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From the start message state 200 the peripheral 41 propagates
the start message active signal to the SIP logic 42 of the next peripheral
on the secondary serial interrupt bus. As was described above, the last

- peripheral in the secondary serial interrupt bus forwards its Sout output
through the second Sjn, input of the SIB 40 which is then forwarded

through the Souts output pin of the SIB 40 to the first Sip input pin of the

first peripheral 30 on the primary serial interrupt bus. In this manner, the

serial_ interrupt bus pfotocol of the présent invention is scalable to multiple
_ Iévels of chained serial interrupt buses where each may havé multiple

serial interrupt peripherals cdu_pled through a series of serial interrupt

bridges.

The serial interrupt peripherals will form one logical chain such that -
forwarded interrupts in the appropriate state would be detected by the
SIC 25in the corresponding state for notification of the system PIC 22.

_ This is so regardless of the number of peripherals and bridges
incorporated in the system. It can further be seen that the protocol of the
present inveniion allows multiple. peripherals to be configured to generéte
the same IRQ signal. Thus, if  a peripheral wishes to signal an active
IRQ13, and another peripheral earlier in the chain has already done so,
effectively the same action is taken'by thé second peripheral: it forwards

- an active signal through its Sout pin when it is in the IRQ13 state 214.

Figure 3 illustrates a timing diagram that demonstrates the above
described protocol in a system without a serial interrupt bridge. A first
peripheral transitions from the stop state to the start message state at a

first time interval which then cascades through the remaining peripherals
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in the chain until reaching the serial interrupt controller 25a

" corresponding number of:cloc_l_( cy:cles.:later.- Another advantage of the
present invention is that it -allows e'dge-to-level conversion of interrupt
signals by a peripheral’s SIP logic without the SIC needing knowledge of
whether the interrupt _generated by the peripheral is an edge triggered or

level sensitive int'errupt.'

A particular embodlment of the present mventton is one in which
penphera|s are automatrcally desngned to run clocked to the PClCLK
signal and which are already responsuve to restartlng the PCICLKititis
stopped when an active CLKRUN# signal is sent. Thus, only two |

- additional pins are required to support the serial interrupt bus protocol of
the present invention. ltis noted that the state diagram and the SIP logic
of the illustrated embodiment omit the IRQ2 state between the IRQ1 and
IRQ3 states. This is because in conventional IRQ implementations, IRQ2
is dedicated to the purpose of being the cascaded channel for coupling
two 8-input interrupt controllers together as described in a preceding
section. This, of course, may be altered and the IRQ2 state included in

alternate embodiments of the present invention. .

Each state wrthm the state dragram represents one clock
sequence, and is synchronous to the PCICLK srgnat ‘Thus, the entire
state machine is synchronous. However one state, the stop state 220,
relies on an asynchronous event, the first transition of the Sin to the

" active state. This allows for synchronization of all peripherals to the same
clock cycle. The stop state has two primary functions: 1) to synchronize

the serial interrupt bus protocol sequence through the generation of a
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start bit (the start message active signal); and 2) to allow any serial
interrupt agent to synchronously generate a stop break event (CLKRUN#)
to restart the PCICLK (if stopped) upon determination of an active
interrupt. |

'After every pass through the p“ro'tocol state mat:hine, eveiy device
en_ds in_the stop state and waits for the next active indication on its Sin
input before transitioning to the start message state. Note that since the
bus is serial, each peripheral'é SIP logic will receive_.the start sequence
one cycle after the.previous SIP logic has received thé sequence. Thus,
the start tr_ans.itiqn does not happen at the same instant in time for all

devices, b_ut réther in a ripple fashion down the peripheral chain.

Figure 4 illustrates how a serial interrupt request is initiated when
the PCICLK is stopped. In this case, a peripheral initiates the cycle by
driving the CLKRUN# signal active when it samples that the PCICLK
Signél has been stbpped. it holds the CLKRUN# signal _I;Sw uniil it sees
two PCICLKs in accbrdance with the conventionai CLKRUN#
specification. Accordi'ng to that specification, the CLKRUN# signal would
then be held low by the clock control logic until the clock has stopped.
Once the Sin data pin is sampled as active, then the start state is
entered. Note that it is fﬁe responsibility of the SIC 25 to see that the
PCICLK is not stopped uﬁleés all serial intei'rupt peripherals are in the
stop state 220. They can éccomplish this by only. Ieﬁing CLKRUN# stay
high for four clocks when it can guarantee all devices will be in the stop
state. When thé_SIC is in the stop state and has not started a new

message, it is guaranteed that all devices are in the stop state.
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One additional refinement to the present invention can eliminate
" the possibility that a level interrupt request might generate a false
interrupt request. This can be caused by an interrupt service routine
clearing an interrupt request in an /O device and' then issuing an end of
interrupt (EOI) to the system PIC. However because of the serialization
'_ of the IRQs through the senal bus chaln if the EOI happens before the
IRQs are updated a false mterrupt is generated Thls is caused because
- the PIC generates an rnterrupt to the processor based ona level sensitive ‘
IRQ still belng actlve when the EOI occurred but is later de- asserted
because the senal message eventually arrlves de-assertrng the IRQ. In
this case, the PlC wrll return an mterrupt vector to the processor
indicating a false interrupt. Whlle this is non-fatal it can affect

performance if it happens as many as 4,000 times per second.

To avord thrs problem the SIC 25 should rntercept the EOI cycle

(specrﬁc or non-speclﬁc) to delay the resettmg of the lnterrupt signal in
the interrupt service routlne until the SiC has gotten an update from the
SlPs that that partrcular IRQ should no longer be srgnaled This requires
one full pass through the senal chain with no actlve srgnal being received
by the SIC when rt next reaches that partncular IRQ state When an EOI
cycle is generated -the SIC should termrnate the cycle, and track bus

- protocol state machme Th|s prevents the PIC from sagnahng an IRQ

when the requestmg penpheral has in fact already de-asserted it.

thure 5 illustrates a generalized state dragram that may be
generally applied for implementing the present invention. ltisa

“generalization of the state machine diagram of Frgure 2. The.initial state
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for the state machine logic is the stop state 500 where the state machine
logic remains as long as the Sjn to the associated SIP logic is not
asserted. Once the SIP logic receives an active Sin signal, the SIP logic
state machine trahsitions to the start message state 501 where it remains
for one clock cycle. From the start message state 501, the state machine
logic eycles next to the INT-1 interrupt state 501, and concludes after a
predetermined number of interrupts associeted with a particular interrupt

- protocol at INT-N state 510. The state machine logic then transitions
back to the stop state 500 where it remains until the next assertion of an

“active Sin signal.

There hes thus been deecribed a mechanism for implementing a
serial interrupt bus wherein peripherals may signal any one of a
predetermined number of poseible interrupts associated with a given
interrupt protocol. Altho_ugh the present invention has been described in -
terms of varioue embediments, it will be appreciated by' those skilled in
the art that various modifications and alterations might be made without
departing from the spirit and scope of the present invention. ‘The
invention should,' therefore, be measured in terms of the claims which

follows.
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CLAIMS

What is claimed is:
1. A computer system comprising:
a central processing unit (CPU) for executmg an interrupt service
routine in response to an interrupt pending signal;
~ a peripheral interrupt controller(PIC) t:oupled to provide said
int_errupt pending signal to said CPU in response to any one of a plurality
of potential interrupt request signals;
a serial interrupt controlier coupled to said PIC for generating an
. appropnate one of said plurahty of potentlal interrupt request signals
correspondmg toa recelved serial interrupt signal; and
_ a first plurahty of senat lnterrupt penpherals mterconnected and in
communlcatlon with said senal mterrupt controller, wherein each one of
said ﬁrst plurality of senal mterrupt peripherals may request one or more
of sald plurality of potentlal mterrupt request srgnals to be generated by
_sald serial interrupt controller each of said flrst plurality- of serial interrupt
penpherals mcludmg protocol logic for |mplementmg a senal interrupt
signaling protocol for provrdmg sald serial mterrupt srgnal to sard serial

interrupt controller.

2. The computer system of claim 1 wherein said plurality of
serial interrupt peripherals each comprise a serial interrupt input pinand a
serial interrupt output pin,'Wherein the plurality of serial interrupt
peribherals are interco'nne-cted such that they form a serial interrupt

-
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peripheral chain with the serial interrupt output pin of one serial intefmpt
pin providing its output to the serial interrupt input pin of a subsequent

serial interrupt peripheral.

3. The computer system of claim 2 wherein said serial
interrupt controller further comprises a serial interrupt input pin and a
serial interrupt output pin, wherein the serial interrupt output pin of said
serial interrupt controller provides its output to the serial interrupt input pin
of a first serial interrupt peripheral in said serial intefrupt chain, said serial
interrupt input pin of said serial interrupt controller receiving its input from
the serial interrupt output pin of a last peripheral in said serial interrupt

| chain.

4, "'I'he computer system of claim 3 further comprising a serial
interrupt bridge disposed in said serial interrupt chain for coupling a
second plurality of serial interrupt peripherals within said serial interrupt

chain.

5. The computer system of claim 4 turther comprising a
docking station, wherein said second plurality of serial interrupt

peripherals comprise peripherals associated with said docking station.

6. The computer system of claim 5 wherein said serial
interrupt bridge comprises: |
~ afirst serial interrupt input pin for receiving a serial interrupt signal

from said serial interrupt controller;
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. @ first seﬁal interrupt output pin_for'con\)eyihg said serial interrupt -
- signal to a first one _of: said se_con_d plurality of serial interrupt peripherals;
a second serial interrupt input pin for receiving said serial interfupt
signal from a last one of said second plurality of serial interrupt
peripherals; and - |
a second serial interrupt output pin for con_veying said serial
interrupt signal to a first one of said first plurality of serial interrupt

peripherals. = -

7. The computer system of claim 3 wherein said piurality of
serial interrupt peripherals and said serial interrupt controller each
incorporate serial interrupt protocol logic for following @ predetermined -
state diagram .for propagating interrupt signals through said serial

interrupt chain.

8. The computef syé_tem of claim 7 wherein said serial

interrupt protocol logic operates according to the following state diagram:
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wherein the protocol logic remains in the state | stop state until the
protocol.logic receives an active signai on its serial interrupt input pin, in
the state |l start message state, said protocol logic propagates an active
signal through its serial interrupt output pin, in states lli-N, said protocol
logic forwarding signals received on its associated serial interrupt input
pin through its associated serial interrupt output pin, and asserting an
active signal on the associated serial output pin when said protocol logic

is in a state corresponding to a needed interrupt request.

9. - The computer system of claim 8 wherein said serial
interrupt controller and said plurality of serial interrupt peripherals are
coupled so as to receive a common clock signal for timing said protocol

logic.

10. A peripheral for use in a computer system wherein said
computer system includes a central processing unit (CPU), a peripheral
interrupt controller for notifying a said CPU of a pending interrupt in
response to one of a plurality of potential interrupt request signals, ahd a
serial interrupt controller for providing said interrupt request signals to
said peripheral interrupt controller in response to a received serial
interrupt signal, said periphéral comprising:

serial interrupt protocol logic for communicating with a serial

- interrupt bus; |
- -aserial interrupt input pin coupled to said serial interrupt protocol
logic for coupling said peripheral to said serial interrupt bus for receiving

serial interrupt input signals; and
. -
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a serial interrupt output pin coupled to said serial interrupt protocol

logic for coupling said peripheral to said serial interrupt bus for conveying
serial interrupt signals over said serial interrupt bus,

wherein said serial interrupt protocol logic controls-said serial
interrupt output'pin such that any one of said plurality of potential interrupt

requests may be conveyed through said serial interrupt output pin.

11.- The peripheral of claim 10 wherein said serial interrupt
controller and said serial interrupt protocol logic each incorporate serial
interrupt processing logic for following a predetermined state diagram for
propagating interrupt through said seriol 'interrupt_i_nput and serial interrupt

output pins.

12.  The peripheral of claim 11 wherein said serial interrupt

protocol logic operates according to the following state diagram:

wherein the pfotocol logic remains in the state | stop state until the
protocol logic receives an active signal on its serial interrupt input pin, in

the state Il start message state, said protocol logic propagates an active
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signal through its serial interrupt ouiput pin, in states IlI-N, said protocol
logic forwarding signals received on its associated serial interrupt input

| pin through its associated serial interrupt outpUt pin, and asserting an
active signal on the associated serial output pin when said protocol logic

is in a state corresponding to a needed interrupt request.

13.  The peripheral of claim 12 wherein one of states lll to state
N corresponds to a state for said peripheral to signal a system

management interrupt to said CPU.

14.  The peripheral of claim 12 wherein a plurality of state Il to
state N corresponds to IRQ interrupt signals in accordance with the ISA

and EISA protocols.

15..  The peripheral of claim 10 further comprising a clock pin for
receiving a clocking signal for synchronizing the serial interrupt protocol

logic to said serial interrupt controller.

16. A method for handiing interrupts by a peripheral
implemented on a serial interrupt bus comprising the steps of:

receiving a serial interrupt signal on a serial interrupt input pin
during a first clock period; -

forwarding said serial interrupt signal through a serial interrupt
output pin during a second clock period; and |

asserting an active signal on said serial intefrupt output pin during

- a clock period corresponding to a desired interrupt state.
I
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17. The method of claim 16 wherein said desired interrupt state
is determined according to the'fdl_lowing_state diagrém im_plem_ented by

protocol logic associated with said pe'ripheral:

wherein the protocol logic remains in the state | stop state until the
protocol logic re'céives an active signal on its serial interrupt input pin, in |
the state Il start message state, said protocol logic propagates an active
signal throUgh'it's serial interrupt output pin, in states I!l;N. said protocol
logic forwarding signals received on its associated serial interrupt input
pin through its associated serial interrupt output pin, and asserting an |
active signal on the associated serial output pin when said protocol logic

isina 'stafe corresponding to a needed interrupt -fequest.

48. The method of claim 17 wherein one of states lll-state N

" corresponds to a state for said peripheral to signal a system management

interrupt to said CPU.
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19.  The method of claim 18 wherein a plurality 6f state Ill to |

state N corresponds to IRQ interrupt signals in accordance with the ISA
and EISA protocols. '
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