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(57) Abstract: A clock enable system for a multichip device includes a first integrated circuit (Fig. 1) including a clock signal and
at least a second integrated circuit including at least one functional block periodically requiring clock signals from the first integrated
circuit; a clock required circuit responsive to each functional block for providing a clock required signal in response to activation
of any one or more of the functional blocks; and a clock enable circuit responsive to the clock required signal for enabling the first
integrated circuit to provide clock signals to the functional blocks on the second integrated circuit.
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IMPROVED CLOCK ENABLE SYSTEM

FIELD OF THE INVENTION

This invention relates to an improved clock enable system, and more
particularly to such a system which minimizes supply current by limiting the

activity of clock signals transmitted between integrated circuits.

BACKGROUND OF THE INVENTION

In systems that use clock signals produced by one integrated circuit to
serve a second integrated circuit, supply current is unnecessarily high when active
clock signals are transmitted to the second integrated circuit during intervals
when the circuits on the second integrated circuit do not require an active clock
signal. For example, in many GSM mobile station designs, a master clock
produced by a digital baseband processor (DBB) serves functional blocks on the
analog baseband processor (ABB). The master clock could be kept continuously
active but this would be quite inefficient. When no ABB circuits require an
active master clock signal, the master clock signal should be disabled to minimize
supply current. One approach is to disable the clock signal within the ABB using
well-known clock-gating techniques. This approach is not very effective because
it does not limit the activity of the clock signal transmitted from the DBB to the
ABB. Supply current is required to charge and discharge the capacitance of the
line carrying the clock signal from the DBB to the ABB. The clock signal cannot
be effectively controlled using DBB software because the DBB is a multitasking,

multiprocessor device that may not be able to respond quickly when the clock
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signal is not needed by the ABB. Clock activity could be controlled using
dedicated timing circuits, tailored to the ABB, on the DBB but this would be

inflexible and would require additional circuitry.

BRIEF SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide an improved clock
enable system.

It is a further object of this invention to provide such an improved clock
enable system which conserves energy by controlling the activity of clock signals.

It is a further object of this invention to pfovide such an improved clock
enable system which conserves energy by maintaining active clock signals only
when circuits require active clock signals.

It is a further object of this invention to provide such an improved clock
enable system which conserves energy by preventing transmission of active clock
signals from an integrated circuit that produces clock signals to a second integrated
circuit that uses clock signals except when the clock signals are required by the
second integrated circuit.

It is a further object of this invention to provide such an improved clock
enable system which reduces energy loss due to capacitance on interconnect lines
that carry clock signals between integrated circuits.

The invention results from the realization that a truly simple and effective
clock enable system for conserving energy in multichip environments can be
achieved by monitoring the condition of the functional blocks on one integrated

circuit served by clock signals from a clock driver on another integrated circuit and
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enabling transmission of those clock signals to the chip with the functional blocks
only when one or more of the functional blocks is in an active condition requiring
active clock signals.

This invention features a clock enable system for a multichip device
including a first integrated circuit including a clock signal and at least a second
integrated circuit including at least one functional block requiring clock signals.
There is a clock required circuit responsive to each functional block for providing a
clock required signal in response to activation of any one or more of the functional
blocks. A clock enable circuit responsive to the clock required signal enables the
first integrated circuit to provide clock signals to the functional blocks on the
second chip.

In a preferred embodiment the clock request circuit may be on the second
integrated circuit, the clock enable circuit may be on the first integrated circuit.

The invention also features a clock enable system for a multichip cellular
terminal for enabling a digital baseband processor integrated circuit including a
clock signal and an analog baseband processor integrated circuit including at least
one functional block periodically requiring clock signals from the digital baseband
processor integrated circuit. A clock required circuit responsive to each functional
block provides a clock required signal in response to activation of any one or more
of the functional blocks. A clock enable circuit responsive to the clock required
signal enables the digital baseband processor integrated circuit to provide clock
signals to the functional blocks on the analog baseband processor integrated circuit.

In a preferred embodiment the clock required circuit may be on the the

analog baseband processor integrated circuit. The clock enable circuit may be on
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the digital baseband processor integrated circuit. The analog baseband processor
integrated circuit mixed signal device may include an RF coder/decoder and a

voiceband coder/decoder.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages will occur to those skilled in the art
from the following description of a preferred embodiment and the accompanying
drawings, in which:

Fig. 1 is a schematic block diagram of a GSM mobile station employing
the clock enable system according to this invention; and

Fig. 2 is a more detailed diagram of a mobile station and improved clock

enable system according to this invention.

PREFERRED EMBODIMENT

There is shown in Fig. 1 the primary electronic components of'a GSM
mobile station 10, a multichip device including digital baseband (DBB) integrated
circuit processor 12 and an analog baseband (ABB) integrated circuit processor
14. ABB 14 may for example, include, as shown, a voiceband coder/decoder
(codec) 13 and a radio frequency (RF) codec 15. GSM mobile station 10 also
includes a radio circuit 16 with antenna 18 and an audio circuit 20 including a
microphone and speaker. A power management circuit 22 provides power
supplies for the other components.

Radio circuit 16 receives an RF signal transmitted by a base station using

|
antenna 18 and produces corresponding baseband signals. RF codec 15 converts
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the analog baseband signals to a digital signal. The digital signal analyzed by
DBB 12 demodulates the digital baseband signal produced by ABB 14,
reproducing digital data sent by the base station.

DBB 12 decodes digital voice data and provides digital voiceband signals
to ABB 14. ABB 14 voiceband codec 13 converts the digital voiceband signals
to analog signals and uses the analog signals to drive the speaker.

ABB 14 amplifies analog voiceband signals from the microphone.
ABBI14 voiceband codec 13 converts the analog signals to digital signals. DBB
12 encodes digital voiceband signals to produce digital data for transmission to
the base station.

DBB 12 provides digital data to ABB 14 RF codec 15. RF codec 15
modulates the digital data to produce a digital signal and converts the digital
signal to an analog signal. The analog baseband signal is provided to radio 16.
Radio 16 uses the analog baseband signal to produce an RF signal and transmits
the RF signal to the base station using antenna 18.

DBB 12 typically includes a microcontroller 24 and a digital signal
processor 26, among other things. DBB 12 also controls the interface with the
user including keyboards, displays and the like. ABB 14 includes all of the
analog to digital and digital to analog converters (ADCs and DACs) for the
operation of mobile station 10 including the ADC that converts an analog signal
received using RF circuit 16 to digital form and the DAC that converts a digital
signal to analog form for transmission using radio circuit 16.

The TXON line 28 and RXON line 30 control the transmission and

reception, respectively, of the signals between DBB 12 and radio circuit 16
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through ABB 14. The MCLK clock signal on line 32 provides the clock signals
to operate converters and other circuits in ABB 14. Serial interface line 34
conducts three types of serial interface signals between DBB 12 and ABB 14:
audio signals between DBB and ultimately audio circuit 20; signals between
DBB, ultimately radio circuit 16; and the control signals to read and write control
registers in ABB 14.

Unique to systems of this invention is MCLKEN line 36 which provides
an enabling signal to the clock driver in DBB 12 when one or more of the
functional blocks in ABB 14 requires an active MCLK signal on line 32. ABB 14
includes a number of functional blocks. The transmit DAC and ramp DAC 40,
Fig. 2, are activated by signal TXON on line 28 to transmit input to RF circuit 16.

The transmit DAC and ramp DAC provide an output signal TxMCIKEn.
Functional block 42 includes a receive ADC activated by signal RXON signal on
line 30 to receive the signals from radio circuit 16. Functional block 42 in return
provides an output signal of RXMCIkEn. Functional block 44 includes an
automatic frequency control DAC, a current output DAC and an auxiliary ADC,
among other circuits and provides an output signal AuxMCIlkEn signal.
Functional block 46 includes the voiceband ADC and voiceband DAC for
exchanging signals with the microphone and speakers in audio circuit 20. It
provides the output signal VbMCIkEn. The functional block 48 ASPORT
interface receives data from and transmits data to the ASPORT interface 50 in
DBB 12 using a group of signals 34. The ASPORT interface provides an output
signal AspMCIKEn. Functional block 50 (reset logic) responds to a reset signal

and an MCLK signal on line 32 to provide an output signal RstMCIkEn. Each of
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these signals from functional blocks 40, 42, 44, 46, 48 and 50 is provided to the
clock required circuit, OR gate 60, whose output MCLKEN on line 36 is
delivered to the clock enable circuit, OR gate 62, in DBB 12. OR gate 62 also
receives the signal from the DBB 12 ASPORT interface 50. The output of OR
gate 62 actuates AND gate 64 to pass clock signals from clock 66 over MCLK
line 32 to operate the various functional blocks in ABB 14.

In operation, the activation of any one of the functional blocks 40, 42, 44,
46, 48 and 50 will produce the respective signal TxMCIkEn, RxMCIkEn,
AuxMCIkEn, VbMCIKEn, AspMCIkEn, or RstMCIkEn. When any one or more
of those signals is present OR gate 60 provides an MCLKEN on line 36. If either
that signal or the ASPORT interface signal on line 68 from DBB ASPORT
interface 50 is present at OR gate 62, OR gate 62 will have an output to enable
AND gate 64 to drive clock signal MCLK over line 32 to the circuits in ABB 14.

In this way, clock signals are only provided when required by the circuits that are
served by the clock signals themselves and there is no wasted power either in the
presence of the clock signals on codec 14 or their transmission across the MCLK
line 32.

Although specific features of the invention are shown in some drawings
and not in others, this is for convenience only as each feature may be combined
‘with any or all of the other features in accordance with the invention. The words
“including”, “comprising”, “having”, and “with” as used herein are to be
interpreted broadly and comprehensively and are not limited to any physical
interconnection. Moreover, any embodiments disclosed in the subject application

are not to be taken as the only possible embodiments.
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Other embodiments will occur to those skilled in the art and are within the
following claims:

What is claimed is:
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CLAIMS
1. A clock enable system for a multichip device comprising:

a first integrated circuit including a clock signal and at least a second
integrated circuit including at least one functional block requiring clock signals from
the first integrated circuit;

a clock required circuit responsive to each said functional block for
providing a clock required signal in response to activation of any one or more of said
functional blocks; and

a clock enable circuit responsive to said clock required signal for
enabling the first integrated circuit to provide clock signals to said functional blocks on

said second chip.

2. The clock enable system of claim 1 in which said clock required circuit

is on said second integrated circuit.

3. The clock enable system of clairﬁ 1 in which said clock enable circuit

is on said first integrated circuit.

4. A clock enable system for a multichip integrated circuit cellular
terminal comprising:
a digital baseband processor integrated circuit including a clock signal

and an analog baseband processor integrated circuit including at least one functional
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block requiring clock signals from said clock driver;

a clock required circuit responsive to each said functional block for
providing a clock required signal in response to activation of any one or more of said
functional blocks; and

a clock enable circuit responsive to said clock required signal for
enabling the first integrated circuit to provide clock signals to said functional blocks on

said analog baseband integrated circuit.

5. The clock enable system of claim 4 in which said clock required circuit

is on said analog baseband integrated circuit.

6. The clock enable system of claim 4 in which said clock enable circuit is

said digital baseband processor integrated circuit.

7. The clock enable system of claim 4 in which said analog baseband

integrated circuit includes an RF coder/decoder and a voiceband coder/decoder.
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