
US 20020053927A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0053927 A1 
(19) United States 

(43) Pub. Date: May 9, 2002 Stevens 

(54) LOGIC UNIT AND INTEGRATED CIRCUIT 
FOR CLEARING INTERRUPTS 

(76) Inventor: Ashley Miles Stevens, Cambridge (GB) 

Correspondence Address: 
NIXON & VANDERHYE P.C. 
8th Floor 
1100 North Glebe Road 
Arlington, VA 22201-4714 (US) 

(21) Appl. No.: 09/788,678 

(22) Filed: Feb. 21, 2001 

(30) Foreign Application Priority Data 

Nov. 3, 2000 (GB) ....................................... .. 00269415 

Publication Classi?cation 

(51) Int. Cl.7 .................................................. .. H03K 19/00 

(52) US. Cl. .............................................................. .. 326/93 

(57) ABSTRACT 

The present invention provides a logic unit and integrated 
circuit for clearing interrupts. The logic unit is coupled to a 
bus operating in a ?rst clock domain, and is arranged to 

INTERRUPT SOURCE 
GENERATED IN 
ASYNCHRONOUS 

PERIPHERAL DOMAIN 

interface betWeen the bus and a device operating in a second 
clock domain, the frequency of the second clock domain 
being less than the frequency of the ?rst clock domain. In 
accordance With the present invention, the logic unit com 
prises an interrupt source, responsive to a signal issued by 
the device, to assert a ?rst interrupt signal in the second 
clock domain, and output logic, responsive to the ?rst 
interrupt signal to output a second interrupt signal via the 
bus to a processor operating in the ?rst clock domain. The 
processor is arranged to process the interrupt indicated by 
the second interrupt signal, and to issue a clear request signal 
at a predetermined point during processing of the interrupt. 
The logic unit also includes clear generation logic arranged, 
Whilst the ?rst interrupt signal is asserted, to be responsive 
to receipt of the clear request signal to assert a clear signal 
to the interrupt source and to assert a control signal to the 
output logic. The output logic is responsive to receipt of the 
control signal to stop outputting the second interrupt signal, 
Whilst the interrupt source is responsive to the clear signal to 
de-assert the ?rst interrupt signal, the de-assertion of the ?rst 
interrupt signal causing a clear acknowledge signal to be 
generated. The clear generation logic is then responsive to 
the clear acknowledge signal to de-assert the clear signal. 
This approach enables an interrupt generated in the second 
clock domain to be efficiently cleared Without impacting the 
efficiency of the processor operating in the ?rst clock 
domain. 
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LOGIC UNIT AND INTEGRATED CIRCUIT FOR 
CLEARING INTERRUPTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a logic unit and 
integrated circuit for clearing interrupts, and in particular to 
a logic unit and integrated circuit for efficiently clearing 
interrupts generated in a clock domain operating at a lower 
frequency than the clock domain in which the processor 
processing the interrupt is operating. 

[0003] 2. Description of the Prior Art 

[0004] It is known to provide a processor for performing 
a number of processing operations, including the processing 
of interrupts, and to couple that processor via one or more 
buses to a number of logic units. The bus may be arranged 
to operate in a ?rst clock domain, and a logic unit may be 
used to interface between the bus and a device operating in 
a second clock domain. As an eXample, the logic unit may 
form a peripheral interface for interfacing between the bus 
and a peripheral device. In many implementations, the 
peripheral device will use a peripheral clock which is 
signi?cantly slower than the clock used to clock the bus. 
Considering a speci?c eXample, the bus may be operating in 
a ?rst clock domain with a bus clock operating at 100 MHZ. 
In contrast, a peripheral interface such as a “Universal 
Asynchronous Receive and Transmit” (UART) logic unit 
may be arranged to use a 1.8432 MHZ clock used in the 
clock domain of the peripheral device (the second clock 
domain). 
[0005] A logic unit, such as a UART, will receive signals 
from its associated peripheral device, and when required will 
generate an interrupt signal in the slow clock domain. This 
interrupt signal will be passed over the bus to the processor, 
where the processor will then process that interrupt. At an 
appropriate point during processing of the interrupt, for 
eXample when the interrupt is received by the processor, or 
when the interrupt has been processed by the processor, the 
processor will typically be arranged to issue a clear request 
signal to cause the interrupt to be cleared. However, it will 
be appreciated that it will take several clock cycles in the 
high speed clock domain of the processor to clear the 
interrupt, since the interrupt must be cleared in the slow 
clock domain of the peripheral device. This causes a prob 
lem in that, if the circuitry is not designed correctly, it is 
possible for the processor to have written the clear command 
and then to have returned to normal processing, only to be 
re-interrupted by the original interrupt signal, since the 
interrupt is still present in the slow clock domain. 

[0006] One way to avoid this problem is to halt the 
processor until the interrupt is cleared in the slow clock 
domain. However, it will be appreciated that this approach 
will waste processor clock cycles, thereby impacting on the 
ef?ciency of the processor. 

[0007] Accordingly, it is desirable to provide a technique 
for more ef?ciently clearing interrupts generated in the slow 
clock domain. 

SUMMARY OF THE INVENTION 

[0008] Viewed from a ?rst aspect, the present invention 
provides a logic unit for coupling to a bus operating in a ?rst 
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clock domain, and for interfacing between the bus and a 
device operating in a second clock domain, the frequency of 
the second clock domain being less than the frequency of the 
?rst clock domain, the logic unit comprising: an interrupt 
source, responsive to a signal issued by the device, for 
asserting a ?rst interrupt signal in the second clock domain; 
output logic, responsive to the ?rst interrupt signal, to output 
a second interrupt signal via the bus to a processor operating 
in the ?rst clock domain, the processor being arranged to 
process the interrupt indicated by the second interrupt sig 
nal, and to issue a clear request signal at a predetermined 
point during processing of the interrupt; clear generation 
logic arranged, whilst the ?rst interrupt signal is asserted, to 
be responsive to receipt of the clear request signal to assert 
a clear signal to the interrupt source and to assert a control 
signal to the output logic; the output logic being responsive 
to receipt of the control signal to stop outputting the second 
interrupt signal; the interrupt source being responsive to the 
clear signal to de-assert the ?rst interrupt signal, the de 
assertion of the ?rst interrupt signal causing a clear acknowl 
edge signal to be generated; the clear generation logic being 
responsive to the clear acknowledge signal to de-assert the 
clear signal. 

[0009] In accordance with the present invention, when the 
logic unit generates a ?rst interrupt signal in the second 
clock domain, output logic is arranged to conditionally 
output that ?rst interrupt signal as a second interrupt signal 
which is then sent via the bus to a processor, the processor 
being arranged to process the interrupt and to issue a clear 
request signal at a predetermined point during processing of 
the interrupt. As mentioned earlier, this predetermined point 
may be any suitable point during processing of the interrupt, 
and in preferred embodiments the clear request signal is sent 
by the processor once the interrupt has been processed. 
Alternatively, however, it will be appreciated that the clear 
request signal may be issued upon receipt of the interrupt by 
the processor. 

[0010] Further, clear generation logic is provided which is 
responsive to receipt of the clear request signal, to assert a 
clear signal to the interrupt source and to assert a control 
signal to the output logic. The control signal causes the 
output logic to stop outputting the second interrupt signal, 
and hence the processor is clear to continue with other 
processing. At this stage, the ?rst interrupt signal is still 
being asserted by the interrupt source. However, the clear 
signal is used by the interrupt source to de-assert the ?rst 
interrupt signal. A clear acknowledge signal is then gener 
ated to indicate when the ?rst interrupt signal has been 
de-asserted. Whilst this de-assertion of the ?rst interrupt 
signal is taking place, the clear generation logic continues to 
assert the clear signal. However, upon receipt of the clear 
acknowledge signal, the clear generation logic is arranged to 
de-assert the clear signal. 

[0011] By the above approach, it will be seen that the 
second interrupt signal ceases to be output by the logic unit 
upon receipt of the clear request signal from the processor, 
the clear request signal also causing a clear signal to be 
asserted by the logic unit to the interrupt source. At this 
point, the processor can then return to performing further 
processing operations whilst the logic unit takes responsi 
bility for then clearing the ?rst interrupt signal using the 
asserted clear signal. Once the ?rst interrupt signal in the 
second clock domain is de-asserted, a clear acknowledge 
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signal is then generated to cause the clear signal to be 
de-asserted, to thereby return the relevant logic to its original 
state. 

[0012] It will be appreciated that the clear acknowledge 
signal may be a separate signal generated once the ?rst 
interrupt signal is de-asserted. However, in preferred 
embodiments, the clear generation logic is arranged to 
receive the ?rst interrupt signal, and the de-asserted ?rst 
interrupt signal forms the clear acknowledge signal. This 
provides simpli?cation in the design, since the interrupt 
source output is also used directly as the clear acknowledge 
signal. Hence, the ?rst interrupt signal being reset is used as 
a clear acknowledge signal to the clear generation logic, to 
enable the clear generation logic to then de-assert the clear 
signal being used to cause the ?rst interrupt signal to be 
reset. 

[0013] It will be appreciated that the clear generation logic 
may be embodied in a variety of ways. However, in pre 
ferred embodiments, the clear generation logic is arranged to 
operate in the ?rst clock domain, and the logic unit further 
comprises resynchronisation logic for resynchronising the 
?rst interrupt signal to the ?rst clock domain. 

[0014] In preferred embodiments, the clear generation 
logic is arranged to receive the clear request signal as a set 
signal and the clear acknowledge signal as a reset signal, 
whereby the clear generation logic is arranged to assert the 
clear signal upon receipt of the clear request signal, and to 
maintain the clear signal until the clear acknowledge signal 
is received, at which point the clear signal is de-asserted. 

[0015] In preferred embodiments, a “set” or “asserted” 
signal has a logic “1” value, and a “reset” or “de-asserted” 
signal has a logic “0” value, although it will be appreciated 
by those skilled in the art that this may readily be reversed, 
depending on the speci?c implementation. 

[0016] In preferred embodiments, the clear generation 
logic comprises a ?rst logic element arranged to receive the 
clear request signal and the output of the clear generation 
logic and a second logic element arranged to receive the 
output of the ?rst logic element and the clear acknowledge 
signal, the two logic elements being arranged such that the 
clear signal is asserted upon receipt of the clear request 
signal, and is maintained irrespective of whether the clear 
request signal is maintained until such time as the clear 
acknowledge signal is received. It will be appreciated that 
the ?rst and second logic elements may take a variety of 
forms, and indeed may be embodied within a single piece of 
logic. However, in preferred embodiments, the ?rst logic 
element is a logical OR gate, and the second logic element 
is a logical AND gate. 

[0017] It will be appreciated that the output logic may be 
embodied in a variety of ways. However, in preferred 
embodiments, the output logic comprises a logic gate 
arranged to conditionally output the ?rst interrupt signal as 
the second interrupt signal dependent on whether the control 
signal is asserted. 

[0018] In accordance with a ?rst embodiment, the clear 
signal forms the control signal, and the output logic com 
prises an inverter for inverting the control signal, and a 
logical AND gate for receiving the ?rst interrupt signal and 
the inverted control signal, whereby the ?rst interrupt signal 
is output as the second interrupt signal until the clear signal 
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is asserted, at which point the logical AND gate stops 
outputting the second interrupt signal. 

[0019] In an alternative embodiment, the clear signal 
forms the control signal, and the output logic comprises a 
logical NOR gate for receiving an inverted version of the 
?rst interrupt signal and the control signal, whereby the ?rst 
interrupt signal is output as the second interrupt signal until 
the clear signal is asserted, at which point the logical NOR 
gate stops outputting the second interrupt signal. 

[0020] In a further embodiment, the clear generation logic 
is arranged to generate the control signal as an inverted 
version of the clear signal, and the output logic comprises a 
logical AND gate for receiving the ?rst interrupt signal and 
the control signal, whereby the ?rst interrupt signal is output 
as the second interrupt signal until the clear signal is 
asserted, at which point the logical AND gate stops output 
ting the second interrupt signal. 

[0021] It will be appreciated by those skilled in the art that 
the above three eXamples of the output logic are not the only 
possible implementations, and that any other arrangement 
may be used to cause the ?rst interrupt signal to be condi 
tionally output as the second interrupt signal dependent on 
the assertion of the control signal. 

[0022] In certain implementations, it is possible that any 
particular logic unit may generate interrupt signals for a 
variety of reasons. To enable the processor to correctly 
process the interrupt, it may need to determine the type of 
interrupt that has occurred. Accordingly, in preferred 
embodiments, the logic unit further comprises a register for 
storing as interrupt status information the ?rst interrupt 
signal as resynchronised to the ?rst clock domain, the 
register being accessible by the processor during processing 
of the interrupt. Preferably, a separate register is provided for 
each type of interrupt, and accordingly the processor can 
determine based on the presence of interrupt status infor 
mation within a particular register the type of interrupt that 
has occurred. 

[0023] Viewed from a second aspect, the integrated circuit 
comprises: a processor for processing interrupts; a logic unit 
in accordance with the ?rst aspect of the present invention; 
and a bus for coupling the logic unit and the processor. 

[0024] In preferred embodiments, the integrated circuit 
further comprises an interrupt controller coupled to the bus, 
and arranged to receive the second interrupt signal from the 
output logic, and to determine when to pass the interrupt to 
the processor for processing. It will be appreciated that the 
interrupt controller may be integrated as part of the proces 
sor, or may be formed as a separate unit. In preferred 
embodiments, the interrupt controller is a separate unit to the 
processor, and is arranged to enable or disable the interrupts, 
and optionally to prioritise the various interrupt signals 
destined for the processor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The present invention will be described further, by 
way of eXample only, with reference to preferred embodi 
ments thereof as illustrated in the accompanying drawings, 
in which: 

[0026] FIG. 1 is a block diagram illustrating an integrated 
circuit in which a logic unit in accordance with preferred 
embodiments of the present invention may be employed; 
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[0027] FIG. 2A is a block illustrating circuitry provided 
Within a logic unit in accordance With a ?rst embodiment of 
the present invention; 

[0028] FIG. 2B is the timing diagram illustrating the 
relative timings of various signals generated Within the 
circuit of FIG. 2A; and 

[0029] FIGS. 3 and 4 represent alternative embodiments 
of the circuitry of FIG. 2A. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0030] FIG. 1 illustrates an example of an integrated 
circuit in Which a logic unit of preferred embodiments of the 
present invention may be employed. Preferably, the inte 
grated circuit takes the form of a microcontroller chip or 
System on Chip (SoC) 15, Which may be used Within a 
device such as a personal organiser, a mobile phone, a 
television set top box, etc. 

[0031] The chip 15 has a system bus 10 and a peripheral 
bus 30 connected via a bridge circuit 20. For the sake of 
illustration, these buses Will be considered to operate in 
accordance With the “Advanced Microcontroller Bus Archi 
tecture” (AMBA) speci?cation developed by ARM Limited. 
The AMBA speci?cation de?nes an on-chip communication 
standard for designing high performance 32-bit and 16-bit 
embedded microcontrollers, With the system bus 10 being 
used for high performance system modules, Whilst the 
peripheral bus 30 is used for loW poWer peripheral devices. 
The high performance system bus 10 is able to sustain the 
external memory bandWidth, With the CPU and other Direct 
Memory Access devices residing on the system bus, Whilst 
a bridge circuit 20 connects the system bus to a narroWer 
peripheral bus 30 on Which the loW bandWidth peripheral 
devices are located. The bridge circuit 20 performs the 
necessary protocol conversion betWeen the system bus 10 
and the peripheral bus 30. 

[0032] Whilst the above architecture is used for the pur 
pose of illustrating a preferred embodiment, it Will be 
appreciated that such an architecture is not required, and 
indeed all of the devices may be connected to a single bus. 
Indeed, even in the FIG. 1 example, the system bus and 
peripheral bus can logically be considered as a single bus, 
and in preferred embodiments these buses operate in the 
same high frequency clock domain, hereafter referred to as 
the ?rst clock domain. 

[0033] The chip 15 may have a number of logic units 
connected to the system bus 10, but for the sake of illus 
trating the preferred embodiment of the present invention 
only a feW devices have been illustrated. In particular, a 
Central Processing Unit (CPU) 40 is connected to the system 
bus 10, and arranged to perform a number of processing 
operations. Data and instructions required by the CPU 40 
may be stored Within RAM 60, and output to the CPU 40 as 
and When required via the system bus 10. 

[0034] Further, an interrupt controller 50 is provided for 
receiving any interrupts to be handled by the CPU 40, and 
for prioritising those interrupts. The interrupt controller 50 
Will then send a signal to the CPU 40 When it determines that 
the CPU should process an interrupt received by the inter 
rupt controller 50. 
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[0035] In preferred embodiments of the present invention, 
a number of peripheral interface units may be connected to 
the peripheral bus 30, although for the sake of illustration of 
the preferred embodiment, only three peripheral interface 
units are illustrated. Firstly, a “Universal Asynchronous 
Receive and Transmit” (UART) logic unit 70 is provided for 
receiving and transmitting serial data, and hence for example 
is connected to an asynchronous device 75. It Will be 
appreciated that the asynchronous device 75 can be any 
appropriate asynchronous device. HoWever, assuming that 
the chip 15 resides Within a personal organiser, the asyn 
chronous device 75 may for example be a Personal Com 
puter (PC) With Which the personal organiser is to exchange 
data. 

[0036] A further example of a peripheral interface unit is 
an audio CODEC interface (ACI) 80, Which is used to 
interface to a CODEC 85 connected, for example, to a 
speaker 87 via an ampli?er, and/or to a microphone. By 
using the ACI 80, audio data may be input and/or output 
from the chip 15. 

[0037] Additionally, a Synchronous Serial Interface (SSI) 
90 may be provided, Which may be coupled to any suitable 
device, for example the radio portion of a mobile phone 95, 
or to an attached Digital Signal Processor (DSP) chip in the 
form of a CPU optimised for repetitive mathematical opera 
tions commonly used in mobile phone applications. 

[0038] It Will be appreciated that any one of the peripheral 
interface units 70, 80 and 90 may need at certain points to 
generate interrupt signals to cause the CPU 40 to process 
certain interrupts. FIG. 2A illustrates circuitry that may be 
provided Within any or all of these peripheral interface units 
70, 80 and 90 to handle the generation and clearing of such 
interrupt signals. It should be noted that if any single 
peripheral interface unit contains more than one source of 
interrupt, for example “ready to send” and “received” and 
“error”, then the circuitry in FIG. 2A Would preferably be 
repeated for each of these interrupt sources. 

[0039] When an interrupt signal is to be generated, an 
interrupt source Within the peripheral interface unit (here 
after referred to as the logic unit) Will generate a ?rst 
interrupt signal Which appears over path 100. In FIG. 2A, 
each of the ?ip ?ops 110, 120 and 190 are initially reset to 
a logic Zero value by a global reset, and accordingly a logic 
Zero value Will be present on paths 135 and 155, thereby 
causing the AND gate 130 to receive a logic one value 
output by the inverter 195. When an interrupt is generated, 
the ?rst interrupt signal on path 100 Will also have a logic 
one value, and accordingly the AND gate 130 Will output as 
a second interrupt signal a logic one value over path 140. 
This second interrupt signal Will be issued over the periph 
eral bus 30 and the system bus 10 to the interrupt controller 
50, Where it is scheduled for processing by the CPU 40. 
Accordingly, it can be seen that the AND gate 130 is 
arranged to pass the interrupt signal in the asynchronous 
clock domain (hereafter referred to as the second clock 
domain) directly to the interrupt controller, thereby ensuring 
that there is no re-synchronisation delay in the peripheral, 
and that thus the interrupt latency is not affected by the 
presence of the circuitry in FIG. 2A. 

[0040] Flip ?ops 110 and 120 are used in a standard 
manner to re-synchronise With the high speed ?rst clock 
domain the ?rst interrupt signal generated in the sloW second 
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clock domain, and the resynchronised ?rst interrupt signal is 
output over path 150 to a predetermined register within the 
logic unit where it provides interrupt status information that 
is accessible by the processor during processing of the 
interrupt. This information can be used, for example, to 
enable the processor to determine the type of interrupt that 
has occurred. 

[0041] In addition, the resynchronised ?rst interrupt signal 
is passed over path 125 to AND gate 180. Logic elements 
170, 180 and 190 together form a clear generation logic 
which is used to issue a clear signal to the interrupt source 
once a clear request signal is generated by the processor. 
More particularly, as mentioned earlier, at initiation the 
signal on path 135 is a logic Zero value. In addition, the 
processor will not yet have generated a clear request signal, 
and accordingly a logic Zero value will be present over path 
160. This causes the output of the OR gate 170 to be a logic 
Zero value, which thereby causes the output of AND gate 
180 to also be at a logic Zero value. 

[0042] However, at some point during processing of the 
interrupt by the CPU 40, for example once the interrupt has 
been processed by the CPU 40, the CPU 40 will issue a clear 
request signal. In preferred embodiments, this will be done 
by the CPU 40 writing a logic one value to a particular 
register within the peripheral address map, this particular 
register preferably residing on the logic unit incorporating 
the circuitry of FIG. 2A. This will cause a clear request 
signal to be input over path 160 in the ?rst clock domain, 
thereby causing the output of the OR gate 170 to transition 
to a logic one value. Since the ?rst interrupt signal is still 
asserted, this will cause the output of AND gate 180 to also 
transition to a logic one value, which will then cause the 
output of ?ip ?op 190 to transition to a logic one value on 
the rising edge of the neXt clock signal in the ?rst clock 
domain. At this point, a logic one value will then be present 
over path 155, causing a logic Zero value to be output by 
inverter 195 to the AND gate 130, thereby turning off the 
second interrupt signal. Hence, at this point, the interrupt 
controller will no longer receive the interrupt signal, even 
though the ?rst interrupt signal is still being generated in the 
second clock domain by the interrupt source. 

[0043] In preferred embodiments, the clear request signal 
will only be asserted for a single clock cycle in the ?rst clock 
domain. However, since the output of ?ip ?op 190 will have 
transitioned to a logic one value, and this output is then fed 
as an input to the OR gate 170, the output of OR gate 170 
will be maintained at a logic one value, even if the clear 
request signal is removed. Accordingly, upon receipt of the 
clear request signal over path 160, a clear signal is asserted 
over path 135, and this signal continues to be asserted even 
after the clear request signal stops being issued. 

[0044] This clear signal as output over path 135 can be 
re-synchronised to the second clock domain using any of a 
number of standard techniques, and preferably this re 
synchronised clear signal is input to the interrupt source to 
cause the interrupt source to clear the ?rst interrupt signal. 

[0045] The ?rst interrupt signal can now be cleared in the 
slow second clock domain without any impact on the 
operating ef?ciency of the CPU 40 operating in the high 
speed ?rst clock domain. Once the ?rst interrupt signal is 
de-asserted in response to the clear signal issued over path 
135, ?ip ?ops 110 and 120 will generate a re-synchronised 
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version of the de-asserted ?rst interrupt signal, which is used 
to reset the register over path 150, and also to provide a clear 
acknowledge signal over path 125 to AND gate 180. This 
clear acknowledge signal will be at a logic Zero value, and 
will accordingly cause the output of AND gate 180 to 
transition to a logic Zero value. On the neXt rising edge of the 
clock signal in the ?rst clock domain, the output of ?ip ?op 
190 will also transition to a logic Zero value, which will 
cause the clear signal to be de-asserted, and will also cause 
a logic one value to be reinstated at the input of AND gate 
130 from inverter 195. However, at this stage, the ?rst 
interrupt signal has been de-asserted, and hence the other 
input of AND gate 130 is at a logic Zero value. Thus, the 
second interrupt signal will remain de-asserted at the output 
of AND gate 130. 

[0046] Hence, it can be seen that the circuitry of FIG. 2A 
enables a clear request signal generated by the processor to 
cause the interrupt signal issued to the interrupt controller to 
be de-asserted in the ?rst clock domain, thereby freeing up 
the CPU 40 to continue with other processing, whilst at the 
same time a clear signal is generated to cause the interrupt 
source to de-assert the ?rst interrupt signal in the ?rst clock 
domain. The clear signal continues to be maintained until a 
clear acknowledge signal is received over path 125, and in 
the FIG. 2A embodiment, the clear acknowledge signal is 
actually formed directly by the de-asserted version of the 
?rst interrupt signal. The clear acknowledge signal is then 
used to enable the clear generation logic to be reset and to 
reset the inputs of AND gate 130, so that it is ready to 
respond when the neXt interrupt signal is generated. 

[0047] FIG. 2B is a timing diagram illustrating the high 
speed clock (CLK1) of the ?rst clock domain and the slow 
speed clock (CLKZ) of the second clock domain, along with 
an eXample of the relative timing of the signals present at 
points A, B, C, D and E illustrated in FIG. 2A. 

[0048] At point 300, the ?rst interrupt signal is generated 
following the rising edge of clock signal CLKZ, and fol 
lowing a slight delay, a corresponding second interrupt 
signal is generated at point 320, the slight delay being due 
to the presence of AND gate 130. At point 330, the re 
synchronised ?rst interrupt signal is generated following a 
rising edge of the fast clock CLK1 in the ?rst clock domain. 

[0049] At some subsequent point, the processor will cause 
the clear request signal to be generated, this appearing at 
point 340 following a rising edge of clock CLK1. On the 
following rising edge of CLK1, the clear request signal is 
de-asserted at point 350. Additionally, on that rising edge of 
CLK1, the clear signal output by ?ip ?op 190 is produced at 
point 360. This will cause the second interrupt signal to be 
de-asserted at step 370 following a slight delay due to the 
presence of inverter 195 and AND gate 130. 

[0050] The clear signal output by the clear generation 
logic is then maintained until some subsequent time when 
the ?rst interrupt signal is de-asserted by the interrupt 
source, this occurring at point 380 following a rising edge of 
the slow clock CLKZ. This will cause the re-synchronised 
?rst interrupt signal to fall to a logic Zero value at point 390 
following a rising edge of clock CLK1. Then, on the neXt 
rising edge of clock CLK1, the output of the ?ip ?op 190 
will transition to a logic Zero value, as indicated at point 395. 

[0051] It will be appreciated that the circuitry illustrated in 
FIG. 2A is merely an eXample of circuitry which can be 
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included within the logic unit to produce the required 
functionality. FIGS. 3 and 4 illustrate examples of alterna 
tive circuitry which may be used. In FIG. 2A, the inverter 
195 and AND gate 130 operate as output logic arranged to 
conditionally output the ?rst interrupt signal as the second 
interrupt signal dependent of whether the control signal is 
asserted. FIG. 3 illustrates an alternative embodiment that 
avoids the requirement for inverter 195. Instead of inverter 
195, the ?ip ?op 190 is replaced by a ?ip ?op 200 which also 
produces an inverted version of the signal it outputs on path 
135. This inverted output is provided directly over path 210 
to the AND gate 130. Other than this modi?cation, the 
remaining circuitry in FIG. 3 is identical to that in FIG. 2A. 
As can be seen from FIG. 3, as soon as the clear signal is 
generated on path 135, an inverted version of the clear signal 
is generated as a control signal over path 210. Accordingly, 
as soon as the clear signal is generated, the second interrupt 
signal will cease to be output over path 140, due to the 
presence of a logic Zero value on path 210. 

[0052] FIG. 4 illustrates an alternative embodiment in 
which the AND gate 130 and inverter 195 of FIG. 2A are 
replaced by NOR gates 220 and 230. In the initial state, a 
logic Zero value will be present on path 100, and also on path 
240, and accordingly NOR gate 220 will output a logic one 
value to NOR gate 230. Thus, independent of the value on 
path 250, the output of NOR gate 230 will be a logic Zero 
value. When the ?rst interrupt signal is generated by the 
interrupt source, the input of NOR gate 220 connected to 
path 100 will transition to a logic one value, causing the 
output of the NOR gate to be at a logic Zero value. Path 250 
will also be at a logic Zero value, and accordingly the output 
of NOR gate 230 will transition to a logic one value, thereby 
producing the second interrupt signal. 

[0053] As described earlier with reference to FIG. 2A, 
when the clear request signal is produced on path 160, this 
will result in the clear signal being generated on path 135 at 
a logic one value, thereby causing the signal over path 250 
to input a logic one value to NOR gate 230, causing the 
second interrupt signal to be de-asserted (i.e. to transition to 
a logic Zero value). Then, when the ?rst interrupt signal is 
de-asserted in response to the clear signal output over path 
135, this will cause the inputs to NOR gate 220 to both 
become logic Zero values, thereby causing NOR gate 220 to 
output a logic one value. Hence, even though the signal on 
path 135 will then be reset to a logic Zero value, and 
accordingly the input to NOR gate 230 over path 250 will 
become a logic Zero value, the output of NOR gate 230 will 
remain at a logic Zero value. 

[0054] Although a particular embodiment of the invention 
has been described herein it will be apparent that the 
invention is not limited thereto, and that many modi?cations 
and additions may be made within the scope of the inven 
tion. For example, various combinations of the features of 
the following dependent claims could be made with the 
features of the independent claims without departing from 
the scope of the present invention. 

I claim: 
1. A logic unit for coupling to a bus operating in a ?rst 

clock domain and for interfacing between the bus and a 
device operating in a second clock domain, the frequency of 
the second clock domain being less than the frequency of the 
?rst clock domain, the logic unit comprising: 
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an interrupt source, responsive to a signal issued by the 
device, for asserting a ?rst interrupt signal in the second 
clock domain; 

output logic, responsive to the ?rst interrupt signal, to 
output a second interrupt signal via the bus to a 
processor operating in the ?rst clock domain, the pro 
cessor being arranged to process the interrupt indicated 
by the second interrupt signal, and to issue a clear 
request signal at a predetermined point during process 
ing of the interrupt; 

clear generation logic arranged, whilst the ?rst interrupt 
signal is asserted, to be responsive to receipt of the 
clear request signal to assert a clear signal to the 
interrupt source and to assert a control signal to the 
output logic; 

the output logic being responsive to receipt of the control 
signal to stop outputting the second interrupt signal; 

the interrupt source being responsive to the clear signal to 
de-assert the ?rst interrupt signal, the de-assertion of 
the ?rst interrupt signal causing a clear acknowledge 
signal to be generated; 

the clear generation logic being responsive to the clear 
acknowledge signal to de-assert the clear signal. 

2. A logic unit as claimed in claim 1, wherein the clear 
generation logic is arranged to receive the ?rst interrupt 
signal, and the de-asserted ?rst interrupt signal forms the 
clear acknowledge signal. 

3. A logic unit as claimed in claim 2, wherein the clear 
generation logic is arranged to operate in the ?rst clock 
domain, and the logic unit further comprises resynchonisa 
tion logic for resynchronising the ?rst interrupt signal to the 
?rst clock domain. 

4. A logic unit as claimed in claim 1, wherein the clear 
generation logic is arranged to receive the clear request 
signal as a set signal and the clear acknowledge signal as a 
reset signal, whereby the clear generation logic is arranged 
to assert the clear signal upon receipt of the clear request 
signal, and to maintain the clear signal until the clear 
acknowledge signal is received at which point the clear 
signal is de-asserted. 

5. A logic unit as claimed in claim 4, wherein the clear 
generation logic comprises a ?rst logic element arranged to 
receive the clear request signal and the output of the clear 
generation logic and a second logic element arranged to 
receive the output of the ?rst logic element and the clear 
acknowledge signal, the two logic elements being arranged 
such that the clear signal is asserted upon receipt of the clear 
request signal, and is maintained irrespective of whether the 
clear request signal is maintained until such time as the clear 
acknowledge signal is received. 

6. A logic unit as claimed in claim 1, wherein the output 
logic comprises a logic gate arranged to conditionally output 
the ?rst interrupt signal as the second interrupt signal 
dependent on whether the control signal is asserted. 

7. A logic unit as claimed in claim 6, wherein the clear 
signal forms the control signal, and the output logic com 
prises an inverter for inverting the control signal, and a 
logical AND gate for receiving the ?rst interrupt signal and 
the inverted control signal, whereby the ?rst interrupt signal 
is output as the second interrupt signal until the clear signal 
is asserted, at which point the logical AND gate stops 
outputting the second interrupt signal. 
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8. A logic unit as claimed in claim 6, wherein the clear 
signal forms the control signal, and the output logic corn 
prises a logical NOR gate for receiving an inverted version 
of the ?rst interrupt signal and the control signal, Whereby 
the ?rst interrupt signal is output as the second interrupt 
signal until the clear signal is asserted, at Which point the 
logical NOR gate stops outputting the second interrupt 
signal. 

9. A logic unit as claimed in claim 6, Wherein the clear 
generation logic is arranged to generate the control signal as 
an inverted version of the clear signal and the output logic 
comprises a logical AND gate for receiving the ?rst interrupt 
signal and the control signal, Whereby the ?rst interrupt 
signal is output as the second interrupt signal until the clear 
signal is asserted, at Which point the logical AND gate stops 
outputting the second interrupt signal. 

10. A logic unit as claimed in claim 1, Wherein the clear 
generation logic is arranged to operate in the ?rst clock 
domain, and the logic unit further comprises resynchonisa 
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tion logic for resynchronising the ?rst interrupt signal to the 
?rst clock domain, the logic unit further comprising a 
register for storing as interrupt status information the ?rst 
interrupt signal as resynchronised to the ?rst clock domain, 
the register being accessible by the processor during pro 
cessing of the interrupt. 

11. An integrated circuit comprising: 

a processor for processing interrupts; 

a logic unit as claimed in claim 1; and 

a bus for coupling the logic unit and the processor. 
12. An integrated circuit as claimed in claim 11, further 

comprising an interrupt controller coupled to the bus, and 
arranged to receive the second interrupt signal from the 
output logic, and to determine When to pass the interrupt to 
the processor for processing. 


