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SERIAL INTERRUPT Bus PROTOCOL 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to computer system peripheral 

connections. More particularly, the present invention relates to handling 

multiple possible interrupts in computer syst~ms utilizing a serial 

peripheral interrupt bus. 

2. ARI 8ACKGBOUNQ 

In the computer industry, one widely accepted system architedure 

for personal computers has been the AT system design. Prior systems 

incorporating this architecture included system buses implementing the 

ISA, and then later, the EISA bus protocols. This protocol defines fifteen 

distind system interrupts for use by various components within the 

system. These interrupts are designated IROO through IRQ15 with one 

of the IRQ signals such as IR02 being dedicated for use within the 

system's programmable interrupt controller (PIC} mechanism. 

The above described computer systems that implement 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,· acknowledges the interrupt signal to the interrupt 

controller whereupon the interrupt controller provides a code vector to the 

CPU for executing the appropriate interrupt service routine (ISR). One 
. ·~. . . 

such interrupt controller, now well known, is the Intel 8259 peripheral 

interrupt controller (PIC). In one embodiment, that interrupt controller is 

capable of receiving eight distinct IRO signals: To support the full range 

of IRQ signals [0:15], a first PIO.receives IRC$·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 a second PIC with the other seven 

inputs coming from other components. The second PIC supplies its 

output to the CPU. In this manner, two eight-IRO input PICs are chained 

together to provide for fifteen possible IRQ signals wit_hin the system. 

The above interrupt signaling 'protocol suffers some unfortunate 

disadvantages. While some computer system components are 
.. : : ., . ; . : . . 

designated to provide a·specific IRQ output to the system PIC, other 

components are left free to be configurated for multiple possible IRQ 

signals. Under conventional peripheral design methods, this would 

require a separate pin for each interrupt that the device might use, 

conceivably up to fifteen pins to direct 15 possib.le ISA IRQ interrupt 

signals. Each of these pins would drive 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 pf 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 
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class systems. It is therefore an object oj 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 appreciated ttuat a computer 

system's architecture may be enhanced in a manner that reduces the 

cost of implementing peripherals, as well as reducing peripheral pin 

requirements while still complying with a multiple-pin interrupt protocol. 

Accordingly, it is an object of the present invention to provide a method 

and apparatus for implementing a serial bus protocol 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 peripherals 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 

interrupt peripheral chain to be described below. 

The computer architecture of the described embodiment includes a 

peripheral interrupt controller (PIC) mechanism for signaling the system 

processing unit when a pending interrupt needs to be serviced. The 

peripheral interrupt controll.er mechanism 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 embodiment of the present invention, each 

peripheral in the computer system need only dedicate two pins for 

interrupt signaling. Each has a serial output pin (Sout) and serial input 

pin (Sin). The serial interrupt 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 potential docking 

purposes). The Sout pin of the first peripheral (or the SIB) is coupled to 

the Siri 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 implements a 
- - -

bridge, the SIB utilizes four pins. It has a first Sin pin which receives the 
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output of the Sout pin from the. SIC. The SIB also has two Sout pins. 

The first Sout pin e>f the bri~9.e ~rives its signal to the Sin pin of the first 

peripheral implemented on tt1e s~co11cjary seriEll _interrupt bus. The 

peripherals of the secondary bus are chained through their Sout and Sin 

pins in the same manner as the peripherals of the primary serial interrupt 

bus as described above. The Sout piri of the last peripheral and the 

secondary bus drives the second Sin input to the SIB. The SIB then 

drives its second Sout signal to the Sin pin ofthe first peripheral of the f 

primary bus, thus effectively adding· all the secondary bus peripherals to 

the daisy chain of the primary bus peripherals in the system. 

In the one embodiment of the present 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 primary bus is used. In the latter case, the bridge 

forwards serial interrupt signals 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 th.e 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 signal out through its Sin pin only when it is in the corresponding 

IRQ state of the SIP logic state machine. Each periphe~al in the chain will 

forward any signals received on Sin through its output Sout. The SIC, 
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which in one embodiment resides in the system 110 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 last 

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 sharing 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 present invention, provision is also 

made for the SIC to directly provide a system management interrupt 

(SMI) to the system 9Pu, bypassing th~ 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-de_s_eription in which: 

Figure 1 illustrates a block diagram of a computer system 

architecture implementing th~ serial interrupt bus protocol in accordance ( 

. with one embodiment of the present invention.-

Figure 2 illustrates a state diaQram to be implemented by the 

serial interrupt logic assoc:iated with each peripheral implemented on the __ _ 

serial interrupt bus in accordance with the present invention. 

Figure 3 illustrates a timing diagram showing the interrupt pin 

signaling states through a serial interrupt chain. 

Figure 4 illustrates a timing diagram fq_r a peripheral or bridge to­

start the bus clock for the sending of interrupts. 

Figure 5 ill~strates a generalized state diagran:i for serial interrupt 

peripherals in accordance wi_th the present invention.-- -



W0"1111SO PCI'/US'5/15824 

-9.;_ 

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 serial 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. 

Throughout this.detailed description, numerous specific details are 

set forth such as particular signal names, bus protocols 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 praeticed without such specific 

details. In other instances, well known components, structures and 

techniques have not been described in detail in order to avoid obscuring 

the subject matter of the 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 logic 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 limited to, the use 
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of applications specific integrated circuits (ASICs), programmable logic 

devices such as PALs and PLDs, or dedicated logic circuitry. In addition, 

signal names _identified in this detailed description are in some cases 

describedtobe active-in one state and inactive in another state. The 

teachings of the prf3sent invention are of .course applicable for the 

inverted case as well. . 

Referring now to Figure 1, a computer system architecture which 

may incorporate the present invention is illustrated. The computer 

system architeCture of .Figure 1 is illustrated so as to highlight the 

hierarchical interrupt organizationof the architecture. Numerous 

components of the computer system not affected or involved within the 
. . 

present invention are not shown. ··It can be se:eri that the computer 

system includes a central processing unit (CPU). 1 o that is coupled to 

memory bus 15 for. c.ommunication with the co_mJ:)uter system's memory 

system (not shown). The illustrated CPU 10 is also shown receiving two 

contro! signals frorn·the system 1/0 controller 20. These are identified 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 1 O when a system 

component requires the CPU to execute an interrupt service routine 

(ISR). 

In one embodiment of the present invention, the CPU 1 O is a 
. : 

. . 

microprocessor designed in accordance with the Intel Microprocessor 

Architecture. This architecture supports a mode of operation referred to 

( 
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as system management mode (SMM). For the support of system 

management 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 1 O of the 

illustrated computer architedure is shown receiving the SMI interrupt for 

system management interrupt processing as well as the conventional 

INTR interrupt signal. 

The system 110 controller 20 includes the peripheral interrupt 

controller (PIC) mechanism 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 IRO signals 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 

implemented which perform the same fundionality. The system 1/0 

· controller 20 also inclu~es the serial i~terrupt 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 

deteding 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 SMI interrupt signal to the CPU 1 O when one of 

the syste.m peripherals implementing the present invention protocol 

indicates the need for a system management interrupt. The PIC 22 is 

also coupled to receive IRQ signals from other system components such 

as those implemented on the computer system's motherboard or through 

another mechanism independent of the serial interrupt bus. 
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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 peripherals 30, 31, and 32 of the pomputer system. 
- -

There is also a secondary serial i~terru.pt bus for coupling peripherals 41 

and 42. It is envisioned that:the.present_invention is sui•able 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 handling interrupt signals generated by both the 

peripherals on board the portable computing system such as peripherals 

30. 31, and 32 as well as peripherals associated with the docking station 

such as peripherals 41 and 42. With. respect to the primary and 

secondary serial interrupt buses illustrated in Figure 1. it can be seen 
; •. 

that they are combined through a serial interrupt bridge 40, about which 

more will be described below. 

-Each of the peripherals associated with the serial interrupt bus 

protocol as well as the serial interrupt 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 peripherals implementing the serial interrupt bus protocol 

of the present invention need only dedicate two pins for its operation. 

These are designated Sout and Sin· This is also true for the serial 

interrupt controller 25. The peripherals of the present invention are 
·.' . : . .. . 

chained together such that the Sout signal 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 its Sout pin to the Sin pin of the SIC 25. 

When a serial interrupt bridge {SIB) 40 is implemented, it includes 
two Sin pins and two Sout pins. Its Sin1 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 Sin input of the first peripheral 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 Sin2 pin of the SIB 40. The SIB 40 then has a Sout2 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 present in the system, but 

the system is not docked,· the SIB 40 forwards signals received on its 
Sin1 pin through its Sout2 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, 41and42 are not 

identified with respect to the type of peripheral they are. Any peripheral 

component may incorporate the present invention for implementation on 

the serial interrupt bus. Only the serial interrupt peripheral (SIP} logic 

incorporated within each peripheral is illustrated in the figure. It is to be 

understood that each ofthe 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 peripherals may be configured to request 

different IRQ inputs to be provided to the system PIC 22. Each 

peripheral's SIP logic, the SIB.. 40, and the :SIC 2~ wUI incorporate state 

machine logic for following the state diagram illustrated in Figure 2. In 

accordance with the protocol of the present invention, each peripheral's 

. SIP logic forwards through its Sout pin the signal value received on its Sin 
.. 

. pin the previous clock cycle. In accordance with one embodiment of the 

present invention, it will assumed that the Sin. signal is active in the low f 

logic state. Of course, this may be inverted in an alternative 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 peripheral 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 pin· to the Sin pin o~ 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 th$ start message state 200 in its 

state machine logic. At that time, the peripheral behind it in the serial 

chain has progressed one state in its state machine to the SMI state 201 . 

If peripheral 32, tne 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 o.f SIC 25. If the SIC 25 receives an active signal on 

its Sin pin when its state machine logic is in the SMl state 201 , it 
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propagates an interrupt signal to the system management interrupt (SMI) 

input of the CPU.:.1 o. This allows the CPU. 1 Q.to)mmediately process 

system management interrupts. 

As was noted above, each peripheral in the chain of peripherals on 

the serial interrupt bus includes 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 transition from the stop state 220 to 

the start message state 200 occurs upon the.first 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 clock cycle except when the peripheral is in the state it wants to 

drive an active interrupt 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 active signal through its Sout pin when it is in 

the corresponding IRQ state of the state diagram of Figure 2. All other 

outputs by the peripheral on its Sout pin will be the value received on its 

Sin pin. For example, if peripheral 30, as illustrated in Figure 1, needs to 

signal an IRQ12 to be serviced by the CPU 10, when its state machine 

logic is in the IRQ12 state 213, it will propagate an active signal through 
' ' 

its Sout pin. At that time, peri.pheral 31 wlll be in the IRQ11 state 212. 

while peripheral 32 will be in th·e IRQ1 o state 211. Similarly, at that time 

the SIC 25 will be in the IRQ9 state 210. One clock cycle 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 periphe·ral 32 will still be one state behind the 

peripheral 31 and will be i.n the IR011 state 212 while the SIC 25 is in the 

IRQ1 O state 211. This signal will continue to propagate in this manner, 

such that w~en it received by the SIC 25, the SIC 25 will be in the IRQ12 

state 213. Accordingly •. the SIC 25 will be capable of detecting which IRQ 

signal, IRQ12, s~ould be provided to the syster;n PIC 22 based on an 

active signal that was output through the Sout pin of the SIP logic 30 

three clock cycles earlier •. ·In this manner, only two pins are required for 

each peripheral on the serial interrupt bus for propagating potentially any 

number of possible IRQ interrupts in 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 

includes state machine logic which also follows. the same state machine 

illustrated by the state diagram of .Fi9ure 2. When the SIB 40 receives its 

firstactive signal through Sin. it transitions from the stop state 220 to the 

start message state 200. Then, assuming the bridge is actively docked to 

a secondary serial interrupt bus, it will propagate on the next clock cycle 

- an active signal through its Sout1 pin to the first peripheral on the 

secondary serial interrupt bus chain, in this case the one having SIP logic 

41. The SIB 40 wiil then transition to the SMI state 201. When the SIB 

40 is in the SMI state 201., the first peripheral has transitioned to the start 

message state 200. 

I 
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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 Sin2 input of the SIB 40 which is then forwarded 

through the Sout2 output pin of the SIB 40 to the first Sin input pin of the 

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

serial interrupt bus protocol of the present invention is scalable to multiple 

levf;tls of chained serial interrupt buses where each may have multiple 

serial interrupt peripherals coupled 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 25 in 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 invention allows multiple.peripherals to be configured to generate 

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 the 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 i01errupt controller 25 a 

corresponding number of cl~ck cycles. later. · Another advantage of the 

present invention is that it allows edge-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 interrupt. 

A particular embodiment of the present invention is one in which 

peripherals are automatically designed to run clocked to the PCICLK 

signal and which are already responsive to restarting the PCICLK if it is 

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; It is noted that the state diagram and the SIP logic 

of the illustrated embodiment omit the IRQ2 state between the IR01 and 

IRQ3 states. This is because in conventional IRQ implementations, IRQ2 

is dedicated to the purpo~e of being th~ cascaded channel for coupling 

two 8-input interrupt controllers together as described.in a preceding 

section. This, of course~ may be a'tered and the IRQ2 state included in 

alternate embodiments of the present invention. 

Each state within the state diagram represents one clock 

sequence, and is synchronous to the PCICLK signal. 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 sig~al); 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 protocol state machine, every device 

ends 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, ~ach peripher~l's SIP logic will receive the start sequence 

one cycle after the previous SIP logic has received the sequence. Thus, 

the start transition does not happen at the same instant in time for all 

devices, but rather 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 

signal has been stopped. It holds the CLKRUN# signal low until it sees 

two PCICLKs in acco~ance with the conventional CLKRUN# 

specification. According 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 the responsibility of the SIC 25 to see that the 

PCICLK is not stopped unless all serial interrupt peripherals are in the 

stop state 220. They can accomplish this by only letting CLKRUN# stay 

high for four clocks when it can guarantee all devices will be in the stop 

state. When the 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 110 device and then issuing an end of 

interrupt (EOI) to the system PIC. However, because of the serialization 
' ' . . 

of the IRQs througti the serial bus chain, if the EOI happens before the 

IRQs are updated, a false interrupt is generated. This is caused because 

the PIC generates an interrupt to the processC>r based on a l~vel sensitive ( 
. . . . . . 

IRQ still b~ing active when the EOI occurred, but is later de-asserted 

because the serial message eventually ~rrives de~asserting the IRQ. In 

this case, the PIC will return an interrupt vectC>r 'to 'the processor 

indicating a false interrupt. While this is non-fatal, ·it can affect 

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

To avoid this problem the SIC 25 should intercept the EOI cycle 

(specific or non-specific) to delay the resetting of the interrupt signal in 

. ·' . . . . 

the interrupt service routine, until the SIC has gotten an update from the 

S1Ps that that particular IRQ should no longer be signaled. This requires 

one full pass through the serial chain with no active signal being received 

by the SIC when it next reaches that particular IRQ state. When an EOI 

cycle is generated,· the SIC should terminate the cycle, and track bus 

protocol state machine. This prevents the PIC from signaling an IRQ 

when the requesting peripheral has in fact already de-asserted it. 

Figure 5 illustrates a generalized state diagram that may be 

generally applied for implementing the present invention. It is a 

generalization of ,the state machine diagram of Figure 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 Sin to the associated SIP logic is not 

asserted. Once the SIP logic receives an active Sin signal, the SIP logic 

state machine transitions to the start message state 501 where it remains 

for one clock cycle. From the start message state 501, the state machine 

logic cycles next to the INT-1 interrupt state 501, and concludes after a 

predetermined number of interrupts associated with a particular interrupt 

protocol at INT-N state 51 o. 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 has thus been described a mechanism for implementing a 

serial interrupt bus wherein peripherals may signal any one of a 

predetermined number of possible interrupts associated with a given 

interrupt protocol. Although the present invention has been described in 

terms of various embodiments, it will be appreciated by those skilled in 

the a'1 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. 



WON/18150 PCI/US'5/15824 

-22-

CLAIMS 

I lfllll}l/11~ 11~111111111111 · 

What is claimed is: 

1. A computer system comprising: .· · 

a central processing unit (CPU) for executing an interrupt service 

routine in response to an interrupt pending signal; 

·· a peripheral interrupt controller· (PIC) coupled to provide said 

interrupt pending signal to said CPU in response to any one of a plurality ( 

of potential interrupt request signals; 

a serial interrupt controller coupled to said PIC for generating an 

appropriate one of said plurality of potential interrupt request signals 

corresponding to a received serial interrupt signal; anc~ 

a first plurality of serial interrupt peripherals interconnected and in 

communication with said serial interrupt controller, wherein each one of 

said first plurality of serial interrupt peripherals may request one or more 

of said plurality of potential interrupt request signals to be generated by 

said serial interrupt controller, each of said first plurality·of serial interrupt 

peripherals including protocol logic for implementing a serial interrupt 

signaling protocol for providing said serial interrupt signal to said serial 

interrupt controller. 

2. The computer system of claim 1 wherein said plurality of 

serial interrupt peripherals each comprise a serial interrupt input pin and a 

serial interrupt output pin, wherein the plurality of serial interrupt 

peripherals are interconnected such that they form a serial interrupt 
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peripheral chain with the serial interrupt output pin of one serial interrupt 

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 interrupt 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. The 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 further 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: 

a first serial interrupt input pin for receiving a serial interrupt signal 

from said serial interrupt controller; 
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a first serial interrupt output pin.for conveying said serial interrupt. 

signal to a first one of said second plurality of serial interrupt peripherals; 

a second serial interrupt input pin for receiving said serial interrupt 

signal from a last one of said second plurality of serial interrupt 

peripherals: and 

a second serial interrupt outputpin for conveying said serial 

interrupt signal to a first one of said first plurality of serial interrupt 

peripherals. 
f 

7. The computer system of claim 3 wherein said plurality of 

serial interrupt peripherals and said serial interrupt control.ler each 

incorporate serial interrupt protocol logic for following a predetermined 

state diagram for propagating interrupt signals through said serial 

interrupt chain. · 

8. The computer system of clairn 7 whf:)rein said seri~I 

interrupt protocol logic operates according to the following state diagram: 

ii11111111 ur 

.. 
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wherein the protocol logic remains in the state I stop state until the 

protocol logic receives an active signal on its serial interrupt input pin, in 

the state II start message state, said protocol logic propagates an active 

signal through its serial interrupt output pin, in states 111-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 usetn 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, and a 

serial interrupt controller for providing said interrupt request signals to 

said peripheral interrupt controller in response to a received serial 

interrupt signal, said peripheral comprising: 

serial interrupt protocol logic for communicating with a serial 

interrupt bus; 

. a serial 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 -s~d plurality of potential interrupt 

requests may be conveyed through said $erial interrupt output pin. 

11. The peripheral of claim 1 O 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 serial interrupt input 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 protocol logic remains in the state I stop state until the 

protocol logic receives an active signal on its serial interrupt input pin, in 

the state II start message state, said protocol logic propagates an active 

li111111ilhr · 

f 
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signal through its serial interrupt output pin, in states 111-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 Ill 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 Ill to 

state N corresponds to IRQ interrupt signals in accordance with the ISA 

and EISA protocols. 

15. The peripheral of claim 1 O 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 handling 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 interrupt output pin during 

a clock period corresponding to a desired interrupt state. 
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17. The method of claim 16 wherein said desired interrupt state 

is determined according to the ·following. state diagram implemented by 

protocol logic associated with said peripheral: 

wherein tlie protocol logic remains in the state I stop state until the 

protocol logic receives an active signal on its serial interrupt input pin, in 

the.slate II start message state, said protocol logic propagates an active 

signal through its serial interrupt output pin, in states 111-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. 

18. The method of claim 17 wherein one of states Ill-state N 

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

interrupt to said CPU. 

I 
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19. The method of claim 18 wherein a plurality of state Ill to 
state N corresponds to IRQ interrupt signals in accordance with the ISA 
and EISA protocols. 


