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(57) Abstract: An electronic device with a CPU configured to be switched from a low power mode into a higher power mode in
response to an interrupt and an interrupt relay coupled between an interrupt generator and the CPU. A functional stage is coupled to
the interrupt relay and functionally linked with the interrupt so as to be used during the second mode of the CPU. The interrupt relay
relays the received interrupt to the CPU only after a time needed for the functional stage to settle. Power is saved because the CPU

is not powered while waiting for the functional stage to settle.
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ELECTRONIC DEVICE WITH CPU AND INTERRUPT RELAY STAGE

FIELD OF THE INVENTION
The field of this invention is an electronic device with a
central processing unit and more particularly an interrupt

control mechanism and a corresponding method.

BACKGROUND OF THE INVENTION

RApplications or functionalities are often controlled by
central processing units (CPUs) such as microcontrollers or
microprocessors. Many applications only require a gpecific
functionality or control task to be performed for a very short
time. If not used the CPU enters into a sleep mode or inactive
mode to reduce power consumption of the CPU to a minimum. The
CPU can then be woken up by an interrupt signal (interrupt) to
control or serve a functional stage linked with the interrupt.
A functional stage linked with the interrupt means can generate
the interrupt itself or can perform the necessary steps required
when an interrupt is received by the CPU.

An interrupt generally relates to a specific event, which
can be that a specific amount of time has expired or that some
data arrived at an interface or various other events. Many
different interrupts are typically used for microcontroller or
microprocessor based applications. The interrupts are routed by
an interrupt controller, which manages and organizes plural
interrupts for all kinds of events before they are transferred
to the CPU. Once the interrupt is received, the CPU executes a
specific subroutine (software program code). The start address
of this specific subroutine is determined by an address pointer
or a look-up table associated with the interrupt.

Some of these subroutines need hardware functional blocks
to perform a specific functionality. For example, the CPU may
be required to read in a digital value from an analog-to-digital

(ADC) converter responsive to an interrupt. Before this can be
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done, the ADC must be switched on. This may require several
reference stages to be powered on or other related stages to
settle before the ADC can be used. Further, the ADC may also
need some time (conversion time) before wvalid digital output is
available. The CPU is active and consuming power during the
time needed to settle the ADC. Roth the power consumed to power
up the ADC and the power consumed by the CPU contribute to the
overall power consumption. In prior art solutions, the CPU must
be activated to qualify the interrupt and to switch on the ADC.
Thus the CPU can not be switched off. Some prior art solutions
minimize the settling time of the functional stage by speeding
up the settling behavior. This often increases the power

consumption.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
electronic device including a CPU with reduced power
consumption.

Accordingly, the present invention provides an electronic
device including a CPU configured to be switched from a first
mode into a second mode in response to an interrupt received
from an interrupt generating stage. An interrupt relay 1is
coupled between the interrupt generator and the CPU. A
functional stage is coupled to the interrupt relay and
functionally linked with the interrupt to be used during the
second mode of the CPU. The interrupt relay relays the received
interrupt to the CPU only after a time needed for the functional
stage to settle. In the present context, settling means that
the functional stage provides a specific functionality or enters
into a specific internal activation state. Generally, the CPU
consumes less power in the first mode (which is a sleep inactive
mode) than in the second, active mode. The interrupt is not
immediately routed to the interrupt controller, but is logically

qualified or evaluated before being routed. Only after the
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functional stage becomes available by activating, settling or
entering into a specific state, does the interrupt relay route
the interrupt to the CPU and become valid. ©No power is used by
the CPU while waiting for the functional stage to become
available. This reduces the power consumed by the device.

The interrupt relay sends a wake up signal to the
functional stage after receipt of the interrupt. This means the
CPU does not have wake up to wake up the functional stage. The
functional stage transmits a release signal to the interrupt
relay to indicate that it has settled and is available. The
interrupt relay relays the received interrupt only after receipt
of the release signal. The CPU wakes wup only after the
functional stage has settled. Power can be saved by not waking
up the CPU during the settling time of the functional stage.

The functional stage may be any analog or digital module
such as a reference voltage generator, an analog-to-digital
converter or a digital interface controller. This device may be
used for any complex analog or digital functionality, for
example communications interfaces, which regularly poll for some
information or regularly send data. Regular in this context is
used to describe a specific use, however, the device can also be
used where it is required to have single or multiple regular or
irregular requests of a functionality.

This invention also provides a method of managing an
interrupt used to switch a CPU from a first mode into a second
mode. The method comprises receiving an interrupt before the
interrupt arrives at the CPU, waking up a functional stage in
response to the received interrupt, waiting until the functional
stage has settled into a predetermined state and relaying the
interrupt to the CPU after the waiting step for switching the
CPU from the first mode into the second mode. A received
interrupt is not routed to the CPU, but is used to wake up the
functional stage. After a time for the functional stage to

settle, the interrupt is then routed to the CPU. Thus the CPU
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is switched from the first mode into the second mode only after
the functional stage has settled into its predetermined state.
This provides <considerable reduction in power consumption
compared to prior art.

The method according to the present invention can be used
for single or multiple requests of functionality. When only a
single request 1s made, the step of generating the interrupt
takes place once per event. However, for multiple requests, the
interrupt 1is generated multiple times. When the signal 1is
generated multiple times, the interrupt can either be generated
periodically or irregularly. However, at least some of the

interrupts are handled by the interrupt relay as described.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of this invention are illustrated
in the drawings, in which:

Figure 1 is a simplified schematic block diagram of an
electronic device according to the invention;

Figure 2 is a timing diagram of the ON and OFF states of
the CPU and functional stage according to a prior art device,
and the power consumed by the device versus time;

Figure 3 is a timing diagram of the ON and OFF states of
the CPU and functional stage in the device according to the
invention and the power consumed by the device wversus against
time; and

Figure 4 1is a timing diagram for a second embodiment of

this invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figure 1 illustrates a simplified schematic block diagram
of an electronic device according to the invention. CPU 1 is
coupled to an interrupt controller 2, from which receives
interrupts. Interrupt controller 2 1is coupled to interrupt

relay 3. Interrupt relay 3 is coupled to a functional stage 4.
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Interrupt generator 5 generates an interrupt INT for input to
interrupt relay 3. Interrupt generator 5 is representative for
any device, stage or block that can generate an interrupt in
response to an event. Functional stage 4 is functionally linked
with the interrupt INT and is used during an active mode of CPU
1.

Functional stage 4 can be an analog voltage reference, an
analog device, a complex digital system, such as a
communications system, or a further control circuit. CPU 1 can
be a standard microcontroller or a microprocessor.

Interrupt relay 3 receives an interrupt INT from interrupt

generator 5. Interrupt relay 3 then sends a wake up signal WU
to functional stage 4. Wake up signal WU switches on functional
stage 4. Functional stage 4 does not settle into its

predetermined functional state right away and takes some time to
settle. This time is known as the reference settling time t.,er.
For example, if functional stage 4 is a reference voltage
generator this settling time is the time required for the
reference voltage to become stable. If functional stage 4 is an
analog-to-digital converter the settling time is the time
required for the functional stage to be ready for conversion.
After the time t..r, functional stage 4 stabilizes into its
predetermined functional state and transmits a release signal RL
to interrupt relay 3 indicating that functional stage 4 has
settled. Interrupt relay 3 relays the interrupt INT ¢to
interrupt controller 2 in response to the release signal RL.
Interrupt controller 2 routes the interrupt INT to the CPU 1.
This switches CPU 1 so that it wakes up from an inactive or
sleep mode to an active or wake mode. However, the interrupt
can also be used to switch CPU 1 between any two defined modes
such as a first and a second mode), or to jump to a specific
point in a program or subroutine. As long as the second mode
requires more power of CPU 1 than the first mode, power savings

are achieved with the present invention. Functional stage 4 1is
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then used for a time t.onw during the active mode of CPU 1. After
time toony when the functionality of functional stage 4 is no
longer required, functional stage 4 is switched off or disabled
and CPU 1 enters its inactive mode again. This process 1is
repeated as often as the functionality 1s required, either
periodically or randomly.

Figure 2 1is a timing diagram illustrating: the ON and OFF
states of functional stage 4 (A2D), CPU 1 and interrupt
generator 5 (INT) versus time according to a prior art device;
and the power consumed by the device versus time. Interrupt
generator 5 generates an almost instantaneous signal. In
accordance with the prior art, this interrupt turns functional
stage 4 ON. Functional stage 4 requires time t..r to settle.
Functional stage 4 requires an additional time t..nw to perform
useful work, in this example an analog-to-digital conversion.
In accordance with the prior art, CPU 1 also switches from sleep
mode to active mode upon the interrupt. Thus CPU 1 is in active
mode during both intervals time t..r and time teonve At least
during time tyr CPU 1 can do no useful work because it 1is
waiting for functional stage 4 which is not ready. Thus the
prior art consumes power unnecessarily.

This invention dramatically reduces the total system power
consumption in the device. Power consumption may be more than
halved compared with the power consumed by a prior art device.
As noted above in conjunction with Figure 2, CPU 1 consumes the
maximum amount of power during the time t..r as and during the
time teonv, because CPU 1 is switched ON at the same time that
functional stage 4 1is enabled and remains active during the
settling time t..r of functional stage 4. The power consumed by
the CPU in a prior art device during time t..r 18 wasted because
functional stage 4 cannot perform any useful function during
this time while it still settling. However, CPU 1 1is still
consuming power during this time even though it is not required

to be awake then.
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Figure 3 schematically shows from top to bottom: the
relative ON and OFF states of functional stage 4 (A2D), CPU 1
and interrupt generator 5 (INT) versus time; and the overall
system power consumption of the device according to this
invention. Interrupt generator 5 generates an almost
instantaneous signal. The falling edge of the interrupt causes

interrupt relay 3 to transmit wake up signal WU to wake up

functional stage 4. Functional stage 4 then takes time tier
following enablement to settle. Functional stage 4 then
transmits release signal RL to interrupt relay 3. Interrupt

relay 3 gates the interrupt to CPU 1 via interrupt controller 2.
Thus CPU 1 is enabled and enters its active mode, controlling
the functional stage 4 to operate. In this example functional
stage 4 1is an analog-to-digital converter. Thus functional
stage 4 performs the analog to digital conversion for the time
Loonv » At the end of the time t.onv, functional stage 4 finishes
performing its function. At the same time, CPU 1 enters its
inactive mode again.

Thus the system does not start to consume power until the
time at which the falling edge of the interrupt occurs at the
start of t..r. During the reference settling time t.,.r while
functional stage 4 is still settling, only functional stage 4 is
consuming power. Because the CPU 1 is in sleep mode during tres,
it does not consume any power during this time. Only after ti.es
does CPU 1 start to consume power for the time tceonv.

In this invention CPU noise 1is dramatically reduced
compared to prior art devices. This is because the CPU is in an
inactive mode for a longer time. No switching of the internal
logic occurs in the CPU during the time the CPU is inactive.
Thus no current peaks appear on the power supply rails and
substrate noise in an integrated device embodying this invention
is minimized.

Figure 4 1is similar to Figure 3, illustrating another

aspect of the invention. In this configuration, CPU 1 1is
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activated only after operation of functional stage 4 completes.
In this example functional stage 4 1is an analog-to-digital
converter and this operation is the conversion of the ADC. A
special advantage of the timing shown in Figure 4 is that the
maximum system power consumption (peak power consumption) is
smaller than for the embodiment illustrated in Figure 3. Thus
noise is further reduced and the maximum current capability of
the power supply is smaller.

Although the invention has been described hereinabove with
reference to a specific embodiment, it is not limited to this
embodiment and no doubt further alternatives will occur to the
skilled person that lie within the scope of the invention as

claimed.
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WHAT IS CLAIMED IS:
1. An electronic device, comprising:
an interrupt generator (5) operable to generate an

interrupt (INT);

a CPU (1) configured to be switched from a first mode into
a second mode in response to an interrupt (INT);

a functional stage (4) functionally 1linked with the
interrupt (INT) operable to process data to be used during the
second mode of the CPU (1);

an interrupt relay (3) coupled to interrupt generator (5),
CPU (1) and functional stage (4) configured to relay a received
interrupt (INT) to CPU (1) only after a time needed for the

functional stage (4) to settle.

2. The electronic device according to claim 1, wherein:

the interrupt relay (3) is adapted to send a wake up signal
(WU) to the functional stage (4) after reception of the
interrupt (INT); and

the functional stage (4) is responsive to a wake up signal

(WU) to switch ON.

3. The electronic device according to claim 1, wherein:

the functional stage (4) transmits a release signal (RL) to
the interrupt relay (3) indicating that the functional stage (4)
has settled; and

the interrupt relay (3) relays the received interrupt (INT)
to the CPU (1) only after reception of the release signal (RL).

4, The electronic device according claim 1, wherein:

the functional stage (4) is a reference voltage generator.

5. The electronic device according to claim 4, wherein:
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the time of the interrupt relay (3) a time needed for the
reference voltage generator to settle at an output reference

voltage.

6. The electronic device according claim 1, wherein:

the functional stage (4) is an analog-to-digital converter.

7. The electronic device according to claim 6, wherein:
the time of the interrupt relay (3) a time needed for the
analog-to-digital <converter to settle an output reference

voltage.

8. The electronic device according to claim 6, wherein:
the time of the interrupt relay (3) 1is a time needed for

the analog-to-digital converter to perform a conversion.

9. The electronic device according claim 1, wherein:

the functional stage (4) is a digital interface controller.

10. The electronic device according to claim 1, wherein:
the first mode of the CPU (1) consumes less electric power

than the second mode of the CPU (1).

11. A method of managing an interrupt used to switch a CPU
from a first mode into a second mode, the method comprising:

receiving an interrupt from an interrupt source;

waking up a functional stage 1in response to a received
interrupt;

waiting until the functional stage has settled into a
predetermined state; and

after the waiting step, relaying the interrupt to the CPU

for switching the CPU from the first mode into the second mode.
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