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The present invention reiates to clocks in computer systems. More
specifically, the present invention relates to an apparatus and method for
reducing radiated emissions from microprocessors.

BACKGROUND OF THE INVENTION

Computer systems are capable of emitting electromagnetic
radiation at various frequencies. Standards have been established for
limiting the emission of such energy to various limits depending on the
environment where the computer is used. In the past, designers of
computer systems were primarily concerned with radiation emissions on
the board level because radiation on the component level was fairly iow
and negligible. Typically, the source of the radiation from the board
originated from the clock and the clock distribution system of the computer
system. The radiation from these sources produced significant current
levels at the clock frequency and at the harmonics of the clock.

As the development of computer systems advanced,
microprocessors were designed to operate at higher frequencies in order
- o handle data at a higher speed. These higher operating frequencies
produced greater electromagnetic radiation emission. The solutions in
the prior art for minimizing radiation levels were inadequate for dealing
with the radiation emissions on the component level. One approach used
in the prior art to reduce the level of electromagnetic radiation in computer
systems was the use of expensive metal enclosures to house the
computer system. These enclosures acted as faraday cages for
attenuating radiation emitted by the systems inside. Although these
enclosures were effective for minimizing radiation emission in the past,
these enclosures had problems attenuating radiation emitted at higher
frequencies. In addition, enclosures today for portable and desktops
systems are designed with lighter, less expensive materials with poorer
attenuation properties. Many of these enclosures also have a greater
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board and from the microprocessor when the microprocessor phase
locked loop bandwidth was greater than the clock modulation frequency.
For a sine wave modulator, the phase locked loop of the spread spectrum
clock generator required a bandwidth equal to that of the modulating
frequency. This allowed tracking of the input modulation so that the
output of the clock generator was modulated. For a triangle wave
modulator, the phase locked loop of the spread spectrum clock generator
required a bandwidth of up to ten times that of the modulating frequency.
In order to reconstitute a triangle wave, the spread spectrum clock
generator needed to follow up to the tenth harmonic of the triangle signal.

SUMMARY OF THE INVENTION

The present invention relates to a method and apparatus for
reducing electromagnetic radiation from a microprocessor.

In one embodiment, the apparatus of the present invention
includes a phase detector for comparing the frequency of an external
system clock with the frequency of an internal CPU clock. The phase
detector generates an analog phase error signal proportional to the
phase difference. The apparatus further includes a clock modulating unit
which generates a symmetrical, repetitive, varying voltage signal. The
voltage signal may be one of several types including a sine wave or a
triangle wave. A voltage controlied oscillator is coupled to both the phase
detector and clock modulating unit. The voitage controlled oscillator
generates an internal CPU clock frequency as a function of the phase
error signal of the phase detector and the varying voltage signal of the
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contribute to poorer attenuation. Anot her approach in the
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conputer systemwas the use of spread spectrum cl ock generators.
Spread spectrum cl ock generators generate br oadband cl ock
frequenci es. By spreading the output of the clock generator over a
wi de range of frequencies, the spread spectrum cl ock gener at or

produced a reduced | evel of electromagnetic rgdiation. This

clock modulating unit. The varying voitage signal from the clock
modulating unit modutates the frequency of the voltage controlled
oscillator's output. This has the effect of spreading the energy in the clock
related harmonics of the output over a wide band, thereby considerably
reducing emission peaks at any given harmonic frequency. A line
feeding back the frequency from the voltage controlled oscillator to the
phase detector aliows the phase detector to iock onto the input frequency
of the external system clock.

The method of the present invention typically includes comparing
the clock frequency of an external clock signal with that of a internai clock
signal and producing voitage control signai proportionai to the phase
difference. After a voltage controlled signal is produced, a new internal
clock signai which is a function of both the voitage control signal and a
varying, clock modulating signal is generated. By generating the new
internal clock signal as a function of the varying clock modulating signal,
the frequency of the signal is modulated. The new internal clock signal is
sent to computation and control units of the microprocessor and fed back
so that its clock frequency can be compared to that of an external clock
signal.

The present invention overcomes the drawbacks of the prior ant by
providing an apparatus and method for modulating the phase locked loop
of the microprocessor's internal clock when the modulating frequency is
greater than the phase locked loop bandwidth. The present invention
spreads the energy in the related harmonics of the internal clock over a
wide band, reducing emission peaks at any given clock harmonic

frequency.

BRIEF DESCRIPTION OF THE DBAWINGS

The present invention will be understood more fully from the
detailed description given below and the accompanied drawings of the
preferred embodiment of the invention. The description and drawings are
not meant to limit the invention to the specific embodiment. They are
provided for explanation and understanding.
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| Figure 4 illustrates a microprocessor implementing an embodiment
of the present invention in block diagram form.

Figure 5 shows, in block diagram form, an embodiment of the
frequency modulated CPU clock.

'Figure 6 shows a schematic of one of one embodiment of the
frequency modulator.

Figure 7 is a flow chart showing an embodiment of a method
according to the present invention.

DETAILED DESCRIPTION

A method and apparatus for reducing electromagnetic radiation
from microprocessors is disclosed. In the following description, numerous
specific details are set forth to provide a thorough understanding of the
present invention. However, it will be understood by those skilled in the
art that the present invention may be practiced without these specific
details. In other instances, well-known methods, procedures,
components, and circuits have not been described in detail so as not to
obscure the present invention.

Figure 1 illustrates a computer system configured with the present
invention. The computer system oompﬁses a bus or other communication
means 101 for communicating information. A microprocessar 102 is used
for processing information and is coupled onto bus 101. The computer
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cl ock nodul ating unit. The varying voltage signal fromthe clock

nodul ating unit nodul ates the frequency of the voltage controlled
oscillators output. This has the effect of spreading the energy in the
cl ock rel ated harnonics of the output over a w de band, thereby
consi derably reduci ng em ssion peaks g any given harnonic
frequency. A line
' system 100 further comprises main memoty 103 coupled to bus 101.
Main memoty 103 is comprised of random access memory (RAM) or
some other dynamic storage device which is used in storing information
and instructions to be executed by microprocessor 102. Main memory
103 may also be used for storing temporary variables or other
intermediate information during execution of instructions by
microprocessor 102.

The computer system also comprises a read only memory (ROM)
and/or other static storage devices 104 coupled to bus 101 for storing
permanent information and instructions for microprocessor 102. A data
storage device 105 such as a hard, floppy, or optical disk drive can be
coupled to bus 101 for storing information and instructions. Also coupled
to bus 101 ars bus arbitrator 106 and interface/communications circuit
107. Bus arbitrator 106 is used to control the transmission and receipt of
data on bus 101. Interface/communication circuit 107 is used to interface
the computer system to another system, such as a computer network.

The computer system can be coupled to various devices. For
example, a display device, 120, such as a cathode ray tube (CRT) can be
coupled to bus 101 for displaying information to a computer user. An
alphanumeric input device 121, including alphanumeric and other keys,
may also be coupled to bus 101 for communicating information to the
microprocessor 102. A cursor control 122 is coupied to bus 101 for
communicating direction information and command selection to
microprocessor 102, and for controlling cursor movement on display 120.

CPU clock 135 is inside microprocessor 102 and generates an
internal clock signal used by the microprocessor 102. CPU clock 135 is
coupled to an external system clock 130. CPU clock 135 receives an
external clock signal from external system clock 130 and conditions this
signal to meet the frequency requirement of the microprocessor 102.
CPU clock 135 also modulates the buffered external clock signal from
external system clock 130 to produce a frequency modulated output to
computation and control units inside microprocessor 102. By modulating
the output, the CPU clock 135 spreads the energy in the CPU clock
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energy bands 200, 201, 202 and 203. Because the oscillator of a typical
CPU clock is usually set to an exact frequency, the energy emitted at the
clock's harmonics are restricted to vary narrow bands resembling spikes.
Figure 3 illustrates the field intensity of the electromagnetic
radiation generated by a typical CPU clock in the prior art operating at
100 MHz 200, 201, 202, and 203 and the electromagnetic radiation
generated by a CPU clock of the present invention running at the same
frequency 300, 301, 302, and 303. By modulating the frequencies of the
external clock signal, the CPU clock of the present invention attenuates
the radiated emission amplitudes from products associated with either the
clock harmonics or any signal derived from the clock signals by at least
10 dB. For regulatory measuremants, the emissions are measured in a
0.1 MHz band. When the CPU clock modulates the ciock frequency + K
MHz, the amplitude of the measured energy at the th harmonic is
reduced by N dB uv/m, where N = 20 log ( jK/0.1).
Figure 4 illustrates a microprocessor 102 impiementing an
embodiment of the present invention in block diagram form.
Microprocessor 102 comprises CPU clock 103 and computation and
control units 430. The CPU clock 103 generates a clock signal which
drives the microprocessor's computation and control units 430.
Computation and control units 430 can be comprised of various
components. An instruction decoder may be used in the computation and
control units 410 to interpret instructions fetched from the memory 103 of
the computer system. An arithmetic unit may be used to perform
instructed operations such as add, complement, compare, shift, and move
on quantities contained in registers. A program counter may be used to
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keep track of the current location in an executed program. Bus control
circuitry could be used to handle communication with memory and V/O.

One embodiment of the CPU clock 103 comprises a phase locked
loop 410 and clock modulation unit 420. Clock modulation unit 420 is
coupled to phase locked loop 410. Phase locked loop 410 receives an
external clock signal from input line 405 which is coupled to an external
system clock. The phase locked ioop 410 generates an internal clock
signal which is a fixed muitiple of the external clock signal. Clock
modulation unit 420 may be used to modulate the phase locked loop 410
in order to modulate the frequency of the internal clock signal. By
modulating the frequency of the internal clock signal, the energy in the
clock related harmonics are spread over a wide band, thereby
considerably reducing emission peaks at any given clock harmonic
frequency. The modulated internal clock signal is sent to computation
and control units 430 through output line 425,

The clock modulation unit of the present invention 420 modulates
the CPU clock at a low frequency and amplitude to ensure that the
maximum time variation between successive clocks does not affect CPU
timing paths. As clock frequencies continue to rise on microprocessor-
based systems, sources of timing variations become increasingly
significant. When a microprocessor-based system is designed, a primary
concern is that timing requirements are met for all device communication.
The fundamental element of such communication is a clock signal that
pulses at a given rate. Synchronous signals are driven and sampied at
timing relative to the rising or falling edge of this clock. By modulating the
frequency of the CPU clock to reduce radiation emissions, the present
invention induces clock jittering which varies the clock edge of the CPU
clock signal. The clock modulation unit of the present invention 420
modulates the CPU clock at a low frequency and low amplitude so that
the clock jitter does not affect communication between devices within the
computer system.

Consider an example where a computer system operates with a
200 MHz clock. The present invention applies a modulation that causes a
2 MHz deviation at a 50 KHz rate. This would produce a cycle-to-cycle
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Figure 2 illustrates the radiation emtted fromcl ock rel at ed

harnmonics in a typical CRUclock. ___ Figure 3 illustrates the
radiation emtted froma frequency nodul at ed CPU cl ock.

Figure 4 illustrates a mcroprocessor inplenenting an enbodi nent of
the present iwo®de?d® i n bl ock diagram form Fi poTresssnid2e s,

I n block diagram form an enbodi nent of the frequency nodul ated CPU
cl ock. Figure 6 shows a schematic of one of one enbodi nent of
t he frequency nodul at or. Figure 7 is a flow chart show ng
an enbodi rent of a net hod according to the present invention.
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cause miscommunication between devices.

Figure 5 illustrates an embodiment of how a clock modulation unit
can be implemented with a phase locked loop. Phase locked loop 410
comprises phase detector 510, filter 520, voltage controiled oscillator 530,
and a divide-by-n counter 540. Phase detector 510 is coupled to filter
520. Filter 520 is coupled to voitage controlled oscillator 530. Voltage
controlled oscillator 530 is coupled to divide-by-n counter 540.

Phase detector 510 is a device that compares two input
frequencies and generates a phase-error output signal that is a measure
of their phase difference. A clock signal with a first frequency generated
by an external system clock 130 is sent {o the phase detector 510 through
input line 405. Filter 520 is typically a low-pass filter which is typically
used to filter out high frequency noise from the internal clock signal.
Voltage controlled oscillator 530 is an oscillator whose frequency can be
controlied by the phase detector output. If there is a phase difference
between the two frequencies in the phase detector 510, the phase-error
signal causes the voltage controlled oscillator's frequency to deviate in
the direction of the first frequency. The output of the voitage controlled
oscillator is sent to output line 425 and to feedback loop 535. Divide-by-n
counter 540 is in feedback loop 535. Divide-by-n counter divides the
output of voltage controlied oscillator by a factor of n. The resulting
frequency is then sent to the phase detector 510 as the second input
frequency. As a result, phase detector 510 continues to send a phase-
error output signal to voitage controlled oscillator 530, causing the
frequency of its output to increase until it becomes a multiple of n of the
first frequency. When this occurs, the voltage controlled oscillator locks
into the first frequency, maintaining a fixed phase relationship.

Clock modulation unit 420 is coupled to voltage controlled
osciltator 530. Clock modulation unit 420 inputs a continuous volitage
signal to voltage controlied oscillator 530 through line 525, causing it to
produce a frequency modulated output. This serves to spread the energy
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in the clock related harmonics over a wide band, thereby considerably
reducing emission peaks at any given clock harmonic frequency. The
voltage signal from the clock modulation unit can be any symmetrical,
repetitive wave form which effectively modulates the frequency of the
output of the voitage controlied oscillator 530. The voitage signal can be
a sine wave or a triangle wave for example. The signal is applied at a low
frequency and amplitude to ensure that the maximum modulated time
variation between successive clocks do not aftect CPU timing paths.

The present invention modulates the internal clock signal of the
microprocessor by sending a low frequency, variable voltage signal to the
voltage controlled oscillator of the CPU clock's voltage controlled
oscillator 530. Prior art devices, such as spread spectrum clock
generators, only modulated clock frequencies external to the
microprocessor. While this reduced board level radiation emitted from the
external system clock and the clock distribution system, it may not reduce
radiation emitted from the microprocessor's internal CPU clock. Today, it
is common for internal CPU clocks to generate internal clock signals at
frequencies three times the rate of the external clock signal. Future
microprocessors may increase this rate to frequencies three to eight times
as high. These clock frequencies emit a higher level of radiation at higher
harmonics. The present invention addresses this problem by
broadbanding the internal clock frequencies to reduce the
electromagnetic interference at the clock's harmonic frequencies.

By modulating the internal clock signal of the microprocessor, the
present invention effectively reduces electromagnetic interference at the
clock's higher harmonic frequencies. This is a significant improvement
over prior an solutions of using expensive metal enciosures which have
p'roblems in attenuating radiation emitted at higher frequencies.

Spread spectrum modulators in the prior art were modulated at the
reference input of the phase locked loop. This imposed the constraint of
having the phase locked loop bandwidth greater than the clock
modulation frequency. For a sine wave modulator, the phase locked loop
of the spread spectrum clock generator required a bandwidth equal to
that of the modulating frequency. For a triangle wave modulator, the
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I ntermedi ate information during execution of instructions by

m croprocessor 102. The conputer system al so conprises a read
only nmenory (ROV) and/ or other static storage devices 104 coupled to
bus 101 for storing permanent information and instructions for

m cr oprocessor 102. A data storage demqigce 105 such as a hard, fl oppy,
or optical disk drive can be coupled to bus 101 for storing
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the clock modulation unit 420. By using a modulation frequency greater
than the bandwidth of the phase locked loop, the clock modulation unit
420 operates the voltage controlied oscillator 530 at a frequency which
the phase locked loop 410 is unable to respond to.

Figure 8 illustrates a schematic of one embodiment of the clock
modulation unit. In this embodiment, the clock modulation unit is a low
frequency ramp generator circuit. The circuit is driven by an external
clock signal, typically at a frequency in the range of 66 MHz.

Line 610 connects the clock modulation unit to an external clock
signal. The external clock signal is sent to a divide-by-n counter 620
which divides the external clock signal down, typically by a factor of 1000.
The clock signal is then sent to a push-puli circuit 630 through line 625.
Push-pull circuit 630 is comprised of two transistors. Transistor 631 is an
n-channel MOSFET. Transistor 632 is a p-channel MOSFET. The drain
of transistor 631 is connected to Vcc, the system voitage. The source of
transistor 631 is connected to the drain of transistor 632. The source of
transistor 632 is connected to ground. External capacitor 640 is coupled
to push-pull circuit 830 and io ground. _

When the clock signal from line 625 is high, transistor 631 is turned
on, discharging current from transistor 631 to capacitor 640. When the
clock signal from line 625 is low, transistor 631 is turned off and transistor
632 is tumed on, discharging current from capacitor 640 into transistor
632. Transistors 631 and 632 are sized so that they have identical on-
resistance and so that transistor 632 charges the same amount of current
that transistor 631 discharges. Resistors 651 and 652 attenuate and
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CPU cl ock 135 al so nodul ates the buffered external clock signal from
external systemclock 130 to produce a frequency nodul ated output to
conmputation and control units inside mcroprocessor 102. By nodul ating
the output, the CPU clock 135 spreads the endrigy in the CPU cl ock - 6 -
rel at ed harnonics over a wi de band. This reduces the el ectromagnetic

isolate the output signal to the voltage controlled oscillator so that the
internal clock frequency is modulated appropriatsly.

Figure 7 illustrates, in fiow chart diagram form, a method of
reducing radiation emission from a microprocessor according to one
embodiment of the present invention. The frequencies of an external
system clock signal is compared with the frequencies of an internal clock
signal generated within the microprocessor, as shown in block 710.
Typically, this is done using a phase detector. Next, a voltage control
signal proportional to the phase difference of the two clock signals is
generated. This is shown in block 720. Next, a clock modutation signal is
generated. Typically, the signal is generated by a clock modulation unit.
The signal may be, for example, a continuous sine wave or a triangle
wave. This is shown in block 730. Next, an internal clock signal is
generated, as shown in block 740. The frequency of the signal is a
function of the voltage control signal and the clock modulation signal.
Typically. the internal clock signal is generated by a voltage controlled
oscillator. The modulation signal modulates the frequency of the internal
clock signal. This spreads the energy in the clock-related harmonics of
the signal over a wide band, thereby considerably reducing emission
peaks at any given clock harmonic fraquency. As shown in block 750, the
internal clock signal is sent to the computation and control units of the
microprocessor. Next, the internal clock signal is sent a divide-by-n
counter as shown in block 760. The divide-by-n counter divides the
trequency of the internal clock signal by a predetermined factor. Next, the
clock frequencies of an external clock signal is compared with the internal
clock signal, as we return to biock 710. By dividing the internal clock
frequency by a predetermined factor, the clock frequencies of future
internal clock signals will increase as voltage control signals are
generated to indicate the phase difference of the present internal clock
frequency.

if the computer system uses an internal clock that is different from
the /O clock, the 1/O would be synchronized with the external clock

frequency.




em:ssi on peaks at any given clock harnonic frequency. Figure 2
illustrates the field intensity of the electromagnetic._ radiation generated
by a typical CPU clock operating at 100 MHz. Field intensity is typically
measured in decibels micro volts per neter. Energy generated fromthe
clock is concaesaresd at the clock frequency's harnonics at pt@Asdéd426200
MHz, 300 MHz and 1 GHz as shown by energy bands 200, 201, 202 and 203.
Because the oscillator of a typical CPUclock is usually set to an exact
frequency, the energy emtted at the clock's harnonics are restricted to
vary narrow bands resenbling spikes. Figure 3 illustrates the field
intensity of the electromagnetic radiation gener ated by a typical CPU
clock in the prior art operating at 100 M—ig 200, 201, 202, and 203 and the
el ectromagnetic radiation generated by a CPU cl ock of the present
invention running at the sane frequency 300, 301, 302, and 303. By

modul ati ng the frequencThugs,e method anct apparatusi fecreducing-glectromagmticcl ock of
the present invent pfifssidriseior & micréprocesydr#é idcRBbgsi on anplitudes from
products associated wth either the clock harnonics or any signal derived
fromthe clock signals by at least 10 dB. For regul atory nmeasurenents, the
em ssions are neasured in a 0.1 MHz band. Wen the CPU cl ock nodul ates the
clock frequency [err] K WMHz, the anplitude of the nmeasured energy at the
Ah harnonic is reduced by NdB [err]vim where N = 20 log ([err]K/0.1).
Figure 4 illustrates a mcroprocessor 102 inplenenting an enbodi nent of the
present invention in block diagramform



M croprocessor 102 conprises CPU clock 135 and conputation
uni ts-—43Q0. The CPU clock 13 ' | :
m croprocessors conputation and control units 430. Conputatjon aREPLACED ol
units 430 can be conprised of various conponents. An instru ecoder
may be used i n W08 Ut at i on and control units 410 to i nter prEL/USY6/01426

I nstructions fetched fromthe nenory 103 of the conputer system An
arithmetic unit may be used to performinstructed operations such as add,

conpl ement, conpare, shift, and nove on quantities contained in registers.
A program counter may be used to This Sheet Has Been Replaced

-7- keep track of the current location in ap.execut ed prog '
control circuitry could be used to handl e conmuni cati on wit 1R I,
I/ Q. "
° CLAIMS o
What is claimed is:

1. An apparatus for reducing electromagnetic radiation
comprising:

a clock generating unit for generating an internal clock frequency
for a microprocessor; and

a clock modulating unit coupled to said clock generating unit for
modulating said internal clock frequency such that energy in a clock
harmonic of said internal clock frequency is spread over a wide frequency
range.

2. The apparatus in claim 1 wherein said clock modulating unit
is a low frequency signal generator.

3. . The apparatus in claim 2 wherein said low frequency signal
generator generates a triangle wave signal.

4. The apparatus in claim 2 wherein said low frequency signal
generator generates a sine wave signal.

5. The apparatus in claim 2 wherein said clock modulating unit
produces a cycle-to-cycle variation in clock timing of less than one pico
second.

6. An internal clock inside a microprocessor comprising:

a phase detector unit for comparing a frequency of an external
clock signal with a frequency of an internal clock signal and for
generating a voltage control signal proportional to a phase difference of

. said external clock signal and said interal clock signal;

a clock modulating unit for producing a low frequency voitage
signal;

a voltage controlled oscillator coupled to said phase detector and
said clock modulating unit for generating a new internal clock signal with

* C L M S *



One enbodi nent of the CPU clock 135 conprises a phase | ockpd—00p-.410 and
cl ock nodul ation unit 420 C ock._ nndul_a,t_l_gn—um—tr—élrzus_ CloUbISeBHERT A& BEEN

| ocked | oop 410. Phase | ocked Ioop 410 recel ves external cl G{ERLﬁ(gmal
frominput |ine 405 which is couplT® syst enmrctock—Fhe
phase | ocked IW@Pps29943 generates an si gnal whiRCTAUS96/1426 X ed
mul tiple of the external clock si gn ulation unit 420 may be

used to nodul ate the phase | ocked | oop 410 in order to nodul ate the
frequency of the internal clock signal. By nodulating the frequency of the
i nternal clock signal, the energy in the <clock related harnonics are
spread over a w de band, thereby considerapjg reducing enission peaks at
any given clock harnonic frequency. The nodul ated internal clock signal is

The ol ock mbautat | ek Ty %ﬁé@%ﬁ?‘?ﬁ?’%é%ﬁ#@%’é%éﬁ@@%ﬁd o
clock at a |ow fred@auegcyvaitage;signal whereinansigy.in é glock harmasicaf said cleck
variation between Jiggaeacy dfFsaid ABWSnEARE dlotk sigined s sprabd lovet Awigat hs. As

clock frequencies on microprocessor- based systens,
sources of timng %ﬂhéﬁ&@g&ﬁ [ ncrea5| ngl y significant. Wen a

mi croprocessor-based sy8ifeeshacksosneetian fromsaidiueltagesantiolied oscifiator 10 i ng
requirenents are rreaudfpnaseldetctﬁwamtmrauumngeéan@neﬂmnialmmwék enterrent

of such conmuni cat a:!g pul ses at a given rate.
Synchronous signal s Isgigr "ﬁﬁ?gﬂﬁ %#%@% timng relative to the rising
or falling edge of this clock. By nodul ating the
7. The internal clock in claim 6 wherein a low pass filter
coupled to said phase detector filters out noise from said internal clock
signal.

8. The internal clock in claim 6 wherein a divide-by-n counter
coupled to said voltage controlied oscillator and said phase detector is
used for generating a new internal clock signal with frequency a multiple
of that of said external clock frequency.

9. The internal clock in claim 6 wherein said clock modulating
unit is a signal generator generating a triangle wave signal.

10. The internal clock in claim 6 wherein said clock modulating
unit is a signal generator generating a sine wave signal.

11.  The internal clock in claim 6 wherein said clock modulating
unit is a signal generator produces a cycle-to-cycle variation in clock '
timing of iess than one pico second.

12. A computer system comprising:

a microprocessor for processing digital data;

a memory coupled to said microprocessor for storing digital data;

a display device coupled to said microprocessor for displaying
information to a computer system user;

a system clock for generating an external clock signal at a first
frequency; and

R D



frequency of the CPU clock to reduce, rad| atlon em ssi ons an‘ resen

I NV eRt--or—-Reuees—et-aek—-i-t-t-eri-ng- aceg | MMMEEN
clock signal. The clock nodul ation uf m , sent i nvent i oERRACED
nodul ates the CPU clock at a low fre anpl i tude so that tThe

clock jitter d¥& af fect communi cat | on between devi ces wi PGEPSPoRI426
conput er system Consi der an exanpl e where a conputer system operates
with a 200 MHz clock. The present invention applies a nodul ation that
causes a 2 MHz deviation at a 50 KHz rate. This would produce a
cycle-to-cycle WO 96/ 27943 '

PCT/ US96/ 01426 -15- - 8-

an internal clock inside said microprocessor coupled to said
system clock for generating an internal clock signal at a second
frequency, said internal clock comprising a phase locked loop for
generating an internal clock frequency and a clock modulating unit
coupled to said phase locked loop for modulating said internal clock
frequency such that energy in a clock harmonic of said internal clock

frequency is spread over a wide frequency range.

13. The internal clock in claim 12 wherein said clock modulating
unit is a low frequency signal generator.

14. The internal clock in claim 13 wherein said low frequency
signal generator generates a triangle wave signal.

15. The internal clock in claim 13 wherein said low frequency
signal generator generates a sine wave signal.

16.  The internal clock in claim 13 wherein said clock modulating
unit produces a cycle-to-cycle variation in clock timing of less than one
pico second.

17. A method for reducing electromagnetic emissions from a
microprocessor, said method comprising the steps of:

comparing clock frequencies of an external clock signal with that of
an internal clock signal;

producing a voltage control signal proportional to a phase
difference in said external clock signal and said internal clock signal;

producing a low frequency clock modulation signal; and

generating a new internal clock signal with a frequency a function
of said voltage control signal and said low frequency clock modulation
signal.

| R,



variation in the clock timng fro_rp_§g_n_a_@__;¢c_onds_to 50.0

seconds, a change of 0.25 pico seconds. Thus, tim n er_gl JHiS SHEBT HAS BEEN

noug I~F{EI-'Q_ACED

ced
Flgur rtustreates

can be i nptEUSIOBIde W t h

npri ses phase detector

for valid delays and setup and hol dihisiSkesHa Beend@ila

cause m sconmmuni cati on between devi c !}u!m m

an enbodi nentW@p62i8# a cl ock nodul at
a phase | ocked | oop. Phase | ocked | oop

510, filter 520, voltage controlled OSC|IIator 530 and a divide-by-n
counter 540. Phase detector 510 Is coupled to filter 520. Filter 520
is coupled to voltage controlled oscillator 530. Voltage controlled
oscillator 530 is coupled to divide-by-n coygt er 540. Phase
detector 510 is a device that conpares two I nput frequenci es and

generates a phase- error, f their
phase difference. A cl oc H&%ﬁﬁ%@ﬁ’é@'ﬁr s?tswﬁ?'gﬁﬁgﬂéi;@eﬂfeﬂrgﬁgﬂng a by
an external syst enpw frrquengy clockJaedulation signalHs ashieved by produdng i&r ough
input line 405. Fiddntihubué) viabyihg NoRadd Sighal. ow- pass filter which is
typically used to filter out hi gh frequency noi se fromthe internal

cl ock signal. Vol tage controlled oscillator 530 is an oscillator
whose frequency can be 19.  Thednethed oéglaim 1i7Huhemeinssaid compasng stepist . | f
there is a phase (drformeddy a phase détbetoen the two frequencies in the phase
detector 510, the phase-error signal causes the voltage controlled
oscillators frequency to deviate in the direction of the first
frequency. The out put &O.thdhedsnethed of cleim Ji7|wherein said gepenatinag steg is sent to

output |ine 425 ansbricPmbadssobidgecsonvdlied Bsiilater.by - n

* [ L M s *



counter 540 is in feedback | oop 535. Divide-by-n counter divides the
output of voltage controlled oscillator by a factor of n  The resulting

frequency is then sent to the phase detector 510 as the second input
frequency. As a result, phase detector 510 continues to send a phase-
error output Syglghyis Vol tage controlled oscillator 530, caupCIIgsssomzs
frequency of its output to increase until it beconmes a multiple of n of the
first frequency. Wen this occurs, the voltage controlled oscillator |ocks
into the first frequency, naintaining a fixed phase rel ationship.

Cl ock nodul ation unit 420 is coupled to voltage controlled osci |l I at or
530. d ock nodul ation unit 420 inputs a continuous voltage signal to
vol tage controlled oscillator 530 through 1#/ne 525, causing it to

produce a frequency nodul ated output. This serves to spread the energy

WD 96/ 27943 -
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-9- in the clock related harnonics over a w de band,
considerably ducing 1S S0 B R S —BR—GH—-BA—C-0C 3
frequency. The vol tage signal fromthe clock nodul ation unit can be
any symetrical, repetitive wave form which effectively nodul ates the
frequency of tM#D9627943 output of the voltage controlled oscil PETGISEHAW6 The
vol tage signal can be a sine wave or a triangle wave for exanple. The
signal is applied at a | ow frequency and anplitude to ensure that the
maxi mum nodul ated ti me variati on between successive clocks do not
affect CPU tim ng paths. The present invention nodul ates the
internal clock signal of the m cr oprocessor by sending a | ow
frequency, variable voltage signal to the vol tage controll ed
oscillator of the CPU clock's voltage controlled oscil I ator 530.
Prior-art devices, such as spread spectrum cl ock generators, only
nodul at ed cl ock frequencies external to m croprocessor. Wile
this reduced board | evel radiation emtt fromthe external system
clock and the clock distribution system it may not reduce radi ati on
emtted fromthe mcroprocessor's internal CPU clock. Today, it i's
common for internal CPU clocks to generate internal cle@ck signalls at
frequencies three tinmes the rate of the external clock&i gnal . Futyre
m croprocessors may increase this rate to frequencies t?ﬁé&gﬁf:%l t tinmes
radi at1

as high. These clock frequencies emt a higher |evel of n+at higher

t her eby

*s0e
LN

;oz
+
300 MHz

—

FREQUENCY

201
j{
)
200 MHz

)
100 MHz

>

E
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harsoni cs. The present invention addresses this problem by

br oadbardirg—the—nternral—cloc

el ectromagnetic interference at the clock's harnonic frequencies.

By nodul ating the internal clock signal of the m croprocessor, the
present invent WA%%3MEctively reduces el ectromagnetic interf erRidEso6p144,o
cl ock' s higher harnonic frequencies. This is a significant inprovenent
over prior art solutions of using expensive netal enclosures which have
problens in attenuating radiation emtted at hi gher frequencies.

Spread spectrum nodul ators in the prior art were nodul ated at the
reference input of the phase | ocked | oop. This inposed the constraint of
havi ng the phase | ocked | oop bandwi dth gre@fer than the cl ock

nodul ati on frequency. For a sine wave nodul ator, the phase | ocked | oop

of the spread spectrum clock generator required a bandw dth equal to

that of the nodul ating frequency. For a triangle wave nodul ator, the
WD-96/ 27943
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-10- phase | ocked | oop of the spread spectrum clock generator

requitTed=a bantw-ath -of—dp—to—teh~-ttids—t-hat—0f _the pndul ating

frequency. The present invention overcones the drawbacks of the prior
art by nndulatha% the clock at the input of voltage controlled
osci | I at or 530. WO 96/27943 The nodul ation frequency of the cPCIKS6/01426
nmodul ation unit 420 is greater than the bandw dth of the phase | ocked
| oop 410. This allows nodul ati on to be achi eved by the voltage
controlled oscillator 530 w thout causi ng the phase detector 510 in

t he phase | ocked | oop 410 from generating a signal in the opposite
direction, canceling the nodul ati on by the cl ock nodul ation unit 420.
By using a nodul ati on frequency greater t han the bandwi dth of the
phase | ocked | oop, the cl ock nodul ation uni #7 420 operates the voltage
controlled oscillator 530 at a frequency which t he phase | ocked | oop
410 is unable to respond to. Figure 6 illustrates a schenmatic
of ‘one enbodi ment of the clock nodul ation unit. In this enbodi nent,
the cl ock nodulation unit is a | ow frequency ranp generator circuit.
The circuit is driven by an external ~ clock signal, typically at a

frequency in the range of 66 MHz.

410

PHASE LOCKED LOOP

COMPUTATION AND
CONTROL UNITS

4

FIG.



Li ne 610 connects the cl ock nDduIayion unit to an external clock

sig fLto a divide-by-n counter 620
whi ch divides the external clock signal down, typically by a factor of

1000. The clock signal is then sent to a push-pull circuit 630
through |ine 62809627943 Push-pull circuit 630 is conprised of POWAISI6/01426
transistors. Transistor 631 is an n- channel MOSFET. Transistor 632 is
a p-channel MOSFET. The drain of transistor 631 is connected to Vcc,
t he system vol tage. The source of transi stor 631 is connected to the
drain of transistor 632. The source of transi stor 632 is connected to
ground. External capacitor 640 is coupl ed to push-pull circuit 630
and to ground. When the clock signal fromline 625 is high
transistor 631 is turned on, discharging current fromtransistor 631
to capacitor 640. \Wen the clock signal fromline 625 is |ow,
transistor 631 is turned off and transistord@ 632 is turned on,

di scharging current from capacitor 640 into transistor 632.

Transistors 631 and 632 are sized so that they have identical on-
resi stance and so that transistor 63 harges the sane anmount of current
that transistor 631 discharges. Resislo 51 and 652 attenuate and

420

I525

CLOCK
MODULATION
UNIT

>

PHASE
DETECTOR

5:
FIG.
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isolate the output signal to the voltage controlled oscillator so that the
infernal clock frequency is nodul ated appropriately. Figure 7
illustrates, iwofkemwazhart diagramform a method of r BEIE$9§{1426
radi ati on em ssion froma m croprocessor according to one enbodi nent
of the present invention. The frequencies of an external system

clock signal is conmpared with the frequencies of an internal clock

signal generated within the m croprocessor, as shown in block 710.
Typically, thi-s is done using a phase detector. Next, a voltage contro
signal proportional to the phase difference of the two clock signals is
generated. This is shown in block 720. Next, a clock nodul ation signal is
generated. Typically, the signal is generatgg by a clock nodulation unit.
The signal nmay be, for exanple, a continuous sine wave or a triangle
wave. This is shown in block 730. Next, an internal clock signal is
generated, as shown in block 740. The frequency of#the signal is a

[Te]
N
no\-\

DIVIDE-BY-N
COUNTER

610

FI1G.



function of the vol tage control signal and the clock nodul ation signal.
Typi a_voltage controlled

OSC|IIator The nDduIatlon S|gnal nDduIates the frequency of the internal
cl ock signal. This spreads the energy in the clock-rel ated harnonics of
the signal overW@%®WE band, thereby considerably reducing eni RBCEES96/01426
peaks at any given clock harnonic frequency. As shown in block 750, the
internal clock signal is sent to the conputation and control units of the
m croprocessor. Next, the internal clock signal is sent a divide-by-n
counter as shown in block 760. The divide-by-n counter divides the
frequency of the internal clock signal by a predeterm ned factor. Next, the
cl ock frequencies of an external clock signal is conmpared with the interna
clock signal, as we return to block 710. By #?viding the internal clock
frequency by a predeterm ned factor, the clock frequencies of future

internal clock signals will increase as voltage control signals are
generated to indicate the phase difference of the present internal clock
frequency. | f the conputer systemuses an internal clock that
Is different from the 1/ 0O cl ock, thervmmmronized W th
the external clock fre1%uency i

COMPARE CLOCK FREQUENGY
OF EXTERNAL CLOCK SIGNAL
WITH THAT OF AN INTERNAL

CLOCK SIGNAL

720

GENERATE A VOLTAGE CONTROL
SIGNAL PROPORTIONAL TO THE
PHASE DIFFERENCE

730

| GENERATE A CLOCK MODULATION
SIGNAL

740

GENERATE AN INTERNAL CLOCK

SIGNAL AS A FUNCTION OF THE
VOLTAGE CONTROL AND CLOCK
- MODULATION SIGNAL

750

SEND THE INTERNAL CLOGK
SIGNAL TO UNITS IN THE
MICROPROCESSOR

760

[ DIVIDE THE INTERNAL CLOCK
SIGNAL

FIG. ¢
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- 12 Thus, a nethod and apparatus for reducing RTMP
el ect r oI ERRRECTED EM SSions froma mcroprocessor is disclosed. (g
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Toop (410) of the microprocessor’s internal clock so that it produces a freq ouput.
related harmonics of the intemal clock over a wide band, reducing emission peaks at any given clock harmonic frequency.

{420) reduces electromagnetic emissions from a microprocessor (102). The apparatus modulates the phase locked

uency modulated The apparatus spreads the energy in the




4., The apparatus in claim2 wherein said [ow fr ncy..signal

gener ator generates a sine wave signal . REPLACEMEND SHEETSs | G
clairm 2 wherein said clock nodul ati ng unit p%ﬂlﬁmmmcpag&d lﬁoto:pageﬂ .
variation in clock tining of Iess than one pico | &Clam{nd.: paged.l3.to paged. %
6. An internal clock inside a mcroprocessor cdmil Deawing(s) : paged ..... to paged.....
phase detector unit for conparing a frequency of [ail Abkegcdal : paged CtP f;ngd

signal with a frequency of an internal clock. sigral and for &13 g
8 et S SEP BB
, AL ASNBIRL A sunsenses :la:-fn

generating a voltage control signal proport ional _

o el a1 o e ST W RY o Sh e TR oo R

a vol tage control éraissiet peakd at anpgieactibek Barmomibdegudsatyct or and

said clock modulating g e by HRRES fHd fSlaIntdRiy Bf fle"@bcbAagnatignal Wi th
radiation generated by a typical CPU clock operating at 100 MHz. Field
intensity is typically measured in decibels micro volts per meter. Energy
generated from the clock is concentrated at the clock frequency’s
harmonics at 100 MHz, 200 MHz, 300 MHz and 1 GHz as shown by
energy bands 200, 201, 202 and 203. - Because the oscillator of a typical
CPU clock is usually set to an exact frequency, the energy emitted at the
clock's harmonics are restricted to vary narrow bands resembling spikes.

Figure 3 illustrates the field intensity of the electromagnetic
radiation generated by a typical CPU clock in the prior art operating at
100 MHz 200, 201, 202, and 203 and the electromagnetic radiation
generated by a CPU clock of the present invention running at the same
frequency 300, 301, 302, and 303. By modulating the frequencies of the
external clock signal, the CPU clock of the present invention attenuates
the radiated emission amplitudes from products associated with either the
clock harmonics or any signal derived from the clock signals by at least
10 dB. For regulatory measurements, the emissions are measured in a
0.1 MHz band. When the CPU clock modulates the clock frequency + K
MHz, the amplitude of the measured energy at the th harmonic is
reduced by N dB uv/m, where N =20 log ( JK/0.1).
Figure 4 illustrates a microprocessor 102 implementing an

embodiment of the present invention in block dlagram form.
Microprocessor 102 comprises CP&IJEglock and computatnon and
control units 430. The CPU clock generates a clock signal which
drives the microprocessor's computation and control units 430.
Computation and control units 430 can be comprised of various
components. An instruction decoder may be used in the computation and
control units 410 to interpret instructions fetched from the memory 103 of
the computer system. An arithmetic unit may be used to perform
instructed operations such as add, complement, compare, shift, and move
on quantities contained in registers. A program counter may be used to

u AMENDED  SHEET
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clock frequency a function of said voltage controlled signal and said | ow

frequency vol tage signal wherein energy in a clock harnmonic of said clock
frequency of said new internal clock signal is spread over a w de

frequency range; and a feedback connection from said vol tage
controlled oscillator to sai d phase detector unit for allow ng said
new i nternal clock to | ock onto sai d frequency of said external clock.

ai d phase dot odt Frr of U Syl SOReRH p QX RBE PrograbfBys coRtidP 15, 1 ©
8.  The i nt er nagiratlitte kould he used & haedlemr@rnan jen wﬂhmmmrveand I/0.
coupled to said vol t agRecibodhle?f of Bifd bb@} Efbck S@rﬂme ;ﬁ@se%a{ed S
used for generaty B3 A 'sna clock madulation unit 425 clickmodSiatien Vhi43os ' P! ©
coupled to phase locked loop 410. Phase locked loop 410 receives an
external clock signal from input line 405 which is coupled to an external
system clock. The phase locked loop 410 generates an internal clock
signal which is a fixed multiple of the external clock signal. Clock
modulation unit 420 may be used to modulate the phase locked loop 410
in order to. modulate the frequency of the internal clock signal. By
modulating the frequency of the internal clock signal, the energy in the
clock related harmonics are spread over a wide band, thereby
considerably reducing emission peaks at any given clock harmonic
frequency. The modulated internal clock signal is sent to computation
and control units 430 through output line 425.

The clock modulation unit of the present invention 420 modulates
the CPU clock at a low frequency and amplitude to ensure that the
maximum time variation between successive clocks does not affect CPU
timing paths. As clock frequencies continue to rise on microprocessor-
based systems, sources of timing variations become increasingly
significant. When a microprocessor-based system is designed, a primary
concern is that timing requirements are met for all device communication.
The fundamental element of such communication is a clock signal that
pulses at a given rate. Synchronous signals are driven and sampled at
timing relative to the rising or falling edge of this clock. By modulating the
frequency of the CPU clock to reduce radiation emissions, the present
invention induces clock jittering which varies the clock edge of the CPU
clock signal. The clock modulation unit of the present invention 420
modulates the CPU clock at a low frequency and low amplitude so that
the clock jitter does not affect communication between devices within the
computer system.

Consider an example where a computer system operates with a
200 MHz clock. The present invention applies a modulation that causes a
2 MHz deviation at a 50 KHz rate. - This would produce a cycle-to-cycle
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of that of said external clock frequency. 9. The internal

clock in claim®6 wherein said clock nodul ati ng unit is a signal
generator generating a triangle wave signal. 10. The interna
clock in claim®6 wherein said clock nodul ating unit is a signal
generator generating a sine wave signal. 11. The interna
clock in claim®6 wherein said clock nodul ga4i ng unit is a signal
generator produces a cycle-to-cycle variatTon in clock timng of |ess
t han one pico second. 12. A conputer system conpri sing:
a m croprocessor for processing digital data,; a nenory coupl ed
to said nickagﬁﬁggssor for storing digital data; a di spl ay _
devi ce coup said m croprocessor for displaying information to a
conput er system user; a systemclock for generating an externa
clock signal at a first frequency; and

1. A microprocessor, comprising:

computation and control units;

a clock generating unit, coupled to the computation and control units,
generating an internal clock frequency;

a clock modulating unit, coupled to the clock génerating unit, modulating the
internal clock frequency such that energy in a clock harmonic of the internal clock
frequency is spread over a wide frequency range, wherein the modulated internal
clock frequency is sent to the computation and control units and the computation
and control units, the clock generating unit, and the clock modulating unit all reside

on a same semiconductor substrate inside the microprocessor.

2. The apparatus in claim 1, wherein said clock modulating unit
comprises:

a clock;

a divide-by-n counter coupled to the clock;

a push-pull circuit coupled to the divide-by-n counter; and

a capacitor coupled to the push-pull circuit.

3. The apparatus in claim 1, wherein the clock modulating unit is a low

frequency signal generator.

4. The apparatus in claim 3, wherein the low frequency sighal generator

generates a triangle wave signal.

% c L M S *
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an internal clock inside said m croprocessor coupled to said system
clock for generating an internal clock signal at a second frequency,
said internal clock conprising a phase | ocked | oop for generating an
I nternal clock frequency and a cl ock nodukating unit coupled to said
phase | ocked | oop for nodul ating said internal clock frequency such

ooy o g e SRRl i’ VRLFSR S 3 Foapanoy bR
in claim 129%%3.%& asﬁhgm%vgcﬁgﬁ@gm ating unit is a | ow frequency

si gnal gene 4. The internal clock in claim13 wherein
said | ow frequency signal generator generates a triangle wave

si gnal . 6. The apparatus in claim 1, wherein the clock generating unit comprises

a phase locked loop.

7. The apparatus of claim 6, wherein the phase locked loop comprises:

a phase detector unit comparing a frequency of an external clock signal with
a frequency of an internal clock signal and generating a voltage control signal
proportional to a phase difference of the external clock signal and the internal clock
signal;

a voltage controlled oscillator coupled to the phase detecto'r and the clock
modulating unit, the voltage controlled oscillator generating a new internal clock
signal with a clock frequency a function of the voitage controlled signal and the low
frequency voltage signal, wherein energy in a clock harmonic of the clock frequency
of the new internal clock signal is spread over a wide frequency range; and

a feedback connection from the voltage controlled oscillator to the phase
detector unit allowing the new internal clock to lock onto the frequency of the

external clock.

8. A computer system, comprising:

(A) abus;

(B) a memory coupled to the bus;

(C) adisplay device coupled to the bus; and

(D) a microprocessor coupled to the bus, comprising
(i) computation and control units;

(i) a clock generating unit coupled to the computation and control

A
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units and generating an internal clock frequency, and




15. The internal clock in claim1l3 wherein said | ow frequency si gha
generator generates a sine wave signal. 16. The i nternal
clock in claim13 wherein said clock nodul ati ng unit produces a
cycle-to-cycle variation in clock timng of |less than one pi co
second. 17. A nethod for reducing el ectromagneti c em ssions
froma m cr opr ocessor, said nethod nprising the steps of:
conparing clock frequencies of an external clock signal with that of

o ooor o oo 155 Shed) @ gk ot 5 Shed 1B 485 8RR gt T
ol ati on ai gnaitioclsadtating unit modylating Hie” Rt aFaRek REabEER SRaL 0t g
\IMoho f fe;Lgﬂggng?’ C@g‘%@fﬁ g[blclérparmoﬂfc @l‘lacg% gl?{tlgl'ﬁﬂg:focﬁcf%dﬂnc?ig Bfleatbletd d
wide frequency range, wherein the modulated internal clock frequency is
sent to drive the computation and control units and the computation and
control units, the clock generating unit, and the clock modulating unit all

reside on a same semiconductor substrate inside the microprocessor.

9. The apparatus in claim 8, wherein the clock modulating unit

comprises:
a clock;

a divide-by-n counter coupled to the clock;
a push-pull circuit coupled to the divide-by-n counter; and

a capacitor coupled to the push-pull circuit.

10. The apparatus in claim 8, wherein the clock modulating unit is a low

frequency signal generator.

11.  The apparatus in claim 10, wherein the low frequency signal generator

generates a triangle wave signal.

12. The apparatus in claim 10, wherein the low frequency signal generator

generates a sine wave signal.

13. The apparatus in claim 8, wherein the clock generating unit comprises

a phase locked loop.

14. The apparatus of claim 13, wherein the phase locked loop comprises:

) AR
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18.. The nethod of claim 17 wherein said step of producing a | ow
frequency cl ock nodul ation signal is achieved by producing a

conti nuous, varying voltage signal. 19. The nethod of claim
17 wherein said conparing step is pggformed by a phase detector.

20. The nethod of claim 17 wherein said generating step is per f or med

by a vol tage Contarﬂ#z;s%ddé{sesfolr Iu%tlt%romparing a frequency of an external clock signal with

a frequency of an internal clock signal and generating a voltage control signal
proportional to a phase difference of the external clock signal and the internal clock
signal;

a voltage controlled oscillator coupled to the phase detector and the clock
modulating unit, the voltage controlled oscillator generating a new internal clock
signal with a clock frequency a function of the voltage controlled signal and the low
frequency voltage signal, wherein energy in a clock harmonic of the clock frequency
of the new internal clock signal is spread over a wide frequency range; and

a feedback connection from the voltage controlled oscillator to the phase
detector unit allowing the new internal clock to lock onto the frequency of the

external clock.

REFERENCES:

IMISG 504 System Clock Chip Specification Document, International Microcircuits,
Inc. July 25, 1994 '
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