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BACKGROUND OF THE INVENTION
Field of the Invention

The present inﬁentién-generally relates to digital
electronic systems and, more particularly, to the
synchronization of high frequency clock pulses to portions
of such digital electronic systems.

Description of the Related Art

The performance and correct operation of complex
digital circuits is critically dependent upon the timing of
the signals propagated through the numerous signal paths
therein. For example, even with a simple logic gate for
receiving a plurality of inputs, if.the arrival times of the
inputs-are skewed, the correct.output will- be produced only _
during the overlap, if any, of the correct logic states of
the input signalé. Thus, the operation of digital circuits
is periodically re-clocked at intervals referred to as a
"cycle time". '

_ Cycle time is usually determined by a system clock
which produces clock signals of different phases to allow
for signal propagation and settling times so that all
signals are in an intended logic state when the various
.digital circuits are permitted to respond thereto.._However,
~since the cycle times must accommodate all propagation
delays and other signal distortion and settling times .within
the system, the clock cycle must often accommodate the '
largest delay therein. Thus, the cycle time of Ehe largest-



tzhe iﬁput signals. Thus, the operation of digital circuits is periodically
re-clocked at intervals referred to as a "cycle tine". Cycle tine is
usual |y determ ned by a system clock which produces cl ock signals of

di fferent phases to allow for signal propagation and settling tinmes so that
all signals are in an intended | ogic state when the various digital
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synchronization. To maintain accuracy of system

synchronization, the minimum frequency of the
synchronization signal must be increased with the increasing
local, high speed clock rate.

" Recently, clock multiplier circuits have been added to
microprocessors to generate an intermal clock signal that is
a multiple of the external "system" clock speed. Such an
internal clock signal allows the microprocessor to operate
at very high internal speeds, even though the system bus and
system clock are running at a slower speed. If the
microprocessor must communicate with one or more devices
(i.e., peripherals, input/output buses, storage devices,
etc.) at the speed of its internal clock, -the second device
must geheraté, or receive, the higher speed clock signal in
order to communicate at that speed.

However, a problem exists when two or more devices
operate at fractional (non-integer) clock-multiplied speeds
(i.e., 1.5x, 2.5x%, 3.5x, etc.) because they cannot properly
communicate unless the fractionally multiplied clock signal
is synchronized with the other devices. Therefore, unless
the devices are "phase-locked" correctly they cannot
communicate effectively. _

To synchronize the internal clock signals of devices
that are to communicate, the problem referred to as "meta-
stability" must be overcome. In other words, the '
communication can oni& effectively take place after logic -
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Mk Ccr oprocessors to generate an internal clock signal that is a nultiple of
the external "system' clock speed. Such an internal clock signal allows the
m croprocessor to operate at very high internal speeds, even though the
system bus and systemclock are running at a slower speed:. If the
m croprocessor nust communicate with one or nore devices (i.e.,
peri pheral s, input/output buses, sto?ébé devices, etc.) at the speed of its
i nternal clock, the second device nust generate, or receive, the higher
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that elimination/reduction has been a long felt need that this
invention answers. '

One solution to the out-of-phase clock problem involves
a "master" device issuing a fractionally multiplied clock
signal to "slave" devices. This ensures that all slave
devices will be in phase with the master. However, when one
device acté as a méster and generates a higher speed clock
to be sent to slave devices, sending and receiving the
generated clock signal causes delays because of signal
distribution and bandwidth problems. These delays iwmpact
performance parameters such as set-up and hold times for the
interface signals. t-

Delays associated with master/slave relationships are
eliminated when each slave device generates its own internal
clock. However, when each device generates its own
fractionally multiplied clock signal, there is no assurance
that the clock signal will be in phase with the other logic
signals. |

Specifically, the out-of-phase clock problem is
illustrated as follows. If the internal clock speed is an
integer multiple (i.e. 1x, 2x, 3x, etc.) of the ﬁsYstem";
clock, each device will generate an identical internal clock
signal synchronized with the other intermal clock signals.
However, if the internal clock speed is a fractional-(non;
integer) multiple (i.e., 1.5x, 2.5x, 3.5x, etc.) of the



the correct data can be captured. Therefore, the out-of- phase clock
probl eminpacts the delay that occurs while various circuits are waiting
for the synchronization of the logic signals. This period of delay is
undesirable and its elimnation/reduction has been a long felt need that

this invention answers. One solution to the out-of-phase clock problem
i nvol ves a "master” device issuing a firactionally multiplied clock signal
to "sl ave" devi ces. This ensures that all slave devices will be in phase
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signal level. This cycle is contlnuously repeated each time
unit.

Figure 1 shows the waveform of internal clock signals
of a device A, which is referred to as the signal CLK A
(11). Figure 1 shows the waveform of internal clock of a
device B, which is referred to as the signal CLK B (12).
Figure 1 also shows the waveform of internal clock of a
device C, which is referred to as the signal CLK C (13).
Each of the internal devices A, B and C produces its own
internal clock signal, based on the system clock signal. 1In
this example, each of the internal clock-signals is a non-
integer multiple (i.e., 1.5x) of the system clock signal.

Clock signals CLK A and CLK C are substantially
synchronous.

Device B's internal clock signal 12 is also running at
1.5x of the system clock signal, but unlike CLK A and CLK C,
whenever CLK A and CLK C change from a low to a high state,
CLK B performs the opposite action. Thus, internal CLK B is
completely out of phase, or 180° out of phase, with internal
CLK A and internal CLK C. | , .

As explained above, since CLK B is out of phase with
CLK A and CLK C, communications between the devices will be
inefficient, if not impossible. This invention solves the
out—of—phase clock problem by synchronizing the fractionally



-4- ‘"system' cl ock, one device's internal clock nmay be completely

(180[err]) out of phase with other devices' internal clocks. . The

out - of - phase clock problemis further illustrated in the draw ngs.
Referring now to Figure 1, exenplary waveforns of a system clock signal 10
("CLK") is shown. . The waveformis initially at a "l ow' signal |evel

(i.e., "0") and-at t0 goes to a "high5'§ignal l evel (i.e., "1"). At the
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Yet another object of the invention is to provide a
system and meth@d-for synchronizing internal clock signals’
of various devices that multiply a system clock signal by a
fractional amouht. The present invention incorporates a
synchroﬁization signal to maintain all fractionally
multiplied individual clock siénals in phase and at a
consistent fiequency.

| Specifically, in a first aspect of the invention, an
apparatus is provided which includes a circuit for
multiplying a system clock signal. The circuit includes a
system clock bus for transmitting the system clock signal, a
master device connected to the system clock bus, for
generating a synchronization signal, and a plurality of
slave devices conhected to the system clock bus and the
synchronization signal from the master device. Each of the
plurality of slave devices includes a device clock, the
device clock is connécted to a clock tree distribution
circuit and a feedback divider circuit. .

By using a "master" generated synchronizing signal
broadcast to other "slave" devices, the synchronizing.signal
is .available as soon as the clock signal becomes active.
This allows phase-locked-loop devices to immediately begin



nultlplled clock signals that are produced by the individual devices.

SUMMARY OF THE | NVENTI ON It is therefore an object of the present
i nvention to provide a solution to the out-of-phase clock problemof the
above- nenti oned conventi onal devi ce. It is another object to solve the

above-mentioned problem by introducing a synchronization signal that
synchroni zes the internal clock signalés—of a plurality of devices where
internal clocks which are a fractional multiple of the systemclock are put
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where "backward compatibility" does not allow any changes,
and is also useful for a "plug-and-play" application where a
special bus cycle for synchronization is impractical.

Thus, according to the invention, a synchronization
signal is introduced which synchronizes the intermal clock
signals of a plurality of devices where internal clocks
which are a fractional multiple of the system clock are put
in phase. The inventive structure and method synchronize
fractionally multiplied internal clock signals of various
devices and, more specifically, employ the synchronization
signal and a phase-locked-loop to maintain all fractionally
multiplied individual clock signals in phase and at a
consistent frequency. -

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages
will be better understood from the following detailed
deécription of preferred embodiments of the invention with
reference to the drawings, in which:

_ Figure 1 illustrates exemplary waveforms of a system
clock signal and accelerated internal clock signal, in an
exemplary system.

Figure 2 illustrates exemplary waveforms of a system
clock signal, a 1.5x multiplied internal clock signal and a
synchronization signal, according to the present invention.

Figure 3 is a block diagram of a system according to
the present invention including a master clock '

synchronization s1gna1 generator, slave devices, a system'



mast er device connected to the systemclock bus, for generating a
synchroni zation signal, and a plurality of slave devices connected to the
system cl ock bus and the synchroni zation signal fromthe master device.
Each of the plurality of slave devices includes a device clock, the device
clock is connected to a clock tree distribution circuit and a feedback
divider circuit. By using a "mast&r" generated synchronizing signa
broadcast to other "slave" devices, the synchronizing signal is avail able
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signals, a feedback clock signal and a divided clock signal,
according to the present invention. _

Figure 7 is a block diagram showing an unmultiplied bus
and a fractionally multiplied bus communicating with a
miqroprocessor and a level 2 cache according to the present
invention.

Figure 8 is similar to Figure 7 and shows a separate

divided-by-two circuit.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

The present invention is directed to a system which
utilizes a synchronization signal, generated by a master
unit, that is broadcast over a synchronization signal bus.
The synchronization signal is used by individual slave
devices to-generate fractionally multiplied clock signals
that are in phase and synchroniéed with the other
fractionally multiplied clock signals.

The presént invention, as shown in Figure 3 and
discussed in more detail below, is superior to conventional
systems because the present invention eliminates delay and
does not interfere with the communication line or bus. -
Specifically, as discussed in the Background section, somé
prior art systems distribute a high speed clock signal



devices and, nore specifically, enploy the synchronization signal and a
phase-| ocked-loop to maintain all fractionally rmultiplied individual clock
signals in phase and at a consistent frequency. BRI EF
DESCRI PTI ON OF THE DRAW NGS - The foregoing and ot her objects, aspects
and advantages wi |l be better understood fromthe follow ng detail ed
description of preferred embodi ments™o® the invention with reference to the
drawi ngs, in mhich Figure 1 illustrates exenplary wavefornms of a

system cl Qfk-eit mﬂcﬁcsaagr ghed rr‘@rlerfﬂ WK SESPEdind NeRDseXxeNpl ary

system Figure 2 jllustrates exenmplary maveforns of a System cl ock

si gnal , aaﬂ%@mﬂ pFleeki Aigpadl ta &l Qfgﬁ%he 1CeS e bni zat i on
3 i gnal , aw:dmgcé@etae ghésﬁiﬁhcltﬁ\b@ﬁilll@ﬂ multlpﬂﬁlr@&lr s%peéaock
i agram o system according to the A i nvention jnclu a naster
cl ook synhsH RATR Sronapigbion dReisiine dakecial Kok | efh s
-7- cl ocdpearest boml @s f a ameansalfoy mdUahimahiﬂgnsynchroﬁigpmeon of a bl ock

di agram Of:t i %ﬁ?ﬁ%é&%&%@&pmﬁk@pl‘ie&f‘Hl s 15l iR EXgtem

accordi ng I nvent
devices that communicate at the fractionally multiplied

clock speed.

Conversely, the present invention allows
synchronization to be established between all clock signals
at any time and without any interruption of or need to
establish control over the communication bus. Therefore,
the present invention is applicable to situations where
cards are plugged in "on the fly." Further, with the
present invention there is no need to reboot or execute a
special bus cycle when a new device is installed or
connected, which is required in prior art systemé.

While the present invention is described with respect
to chip-to-chip communications, below, it is equally
applicable to card-to-motherboard commuhications. This is
especially true where it is advantageous to have the ability
to plug cards into a motherboard "on the- £ly", without
rebootihg or performing a special initialization cycle.
Further, the synchronization scheme according to the present
invention synchronizes the divergent clock signals more
quickly than prior art systems, as described below.

Specifically, Figure 3 is a block diagram showing a
preferred embodiment of the invention in which a first
device 30 acts as a "master" and second and third devices 31
and 32, respectively, sérve as "slaves" to the "master”.

Master 30 generates SYNC signal 20 using a diﬁider_
circuit known to those skilled in the art. Slave devices
31, 32 receive the SYNC signal 20 from device 30 for . .
synchronizing their respective internal clocks.
Specifically, Figure 3 shows a SYNC bus 33 that.carries the



Fisgure 5 is a block diagramof a clock architecture including a PLL and a

f eedback divider according to the present invention. Figure 6 is a
timng diagramindicating exenplary waveforns for the PLL phase/frequency
detector including a systemclock signal, a synchronization signal, two
internal signals, a feedback clock gqugl and a divided clock signal
according to the present invention. Figure 7 is a bl ock diagram
showi ng an unnultiplied bus and a fractionally nultiplied bus comuni cating
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cl ock sigdebigner's needs and system configuration. :

Each of the slave devices may also communicate to and
from the fractionally multiplied bus 36. The fractionally
multiplied bus operates at some specific integer or non-
integer;multiple of the CLK signal 10. For example, the
fractionally multiplied bus may operate at a speed of 1.5x,
2.5x%, or 3.5x of the CLK signal 10. This specific
embodiment is concerned with situations where the
fractionally multiplied bus 36 is operating at a signal
frequency that is a half-integer multiple (i.e., 1.5x, 2.5x,
3.5x, etc.) of the CLK signal 10, but the invention includes
other fractional multipies.-'Therefore, each of the slave
devices may communicate with both the 1x bus and the
fractioﬁally multiplied bus that are operating at different
frequencies. . ]

To allow devices 31;-32 to communicate with the 1x bus
35, the CLK signal 10 is input to the devices from the CLK
bus 34. Since the CLK signal 10 and the 1x bus 35 operate
at the same frequency and are in phase, no synchronization
is necessary.

To allow device 31 and device 32 to communicate with
the fractionally multiplied bus 36, the CLK signai'lo must
be multiplied by a predetermined amount. 1In the exemplary
embodiment, the CLK signal 10 is multiplied by a half- -
integer amount (i.e., 1.5x, 2.5x, 3.5x, etc). As discussed
above, the internal fiactionally multiplied device clock



-8- directly, which adds the requirenent of providing this additional
clock signal to all of the devices that comrunicate at the fractionally
mul tiplied clock speed. Qther prior art solutions introduce a special bus
cycle operation as a nmeans for establishing synchronization of internally
generated nultiplied clock signals anDng t he devices that comuni cate at
the fractionally nmultiplied cl ock spe dd’ Conversely, the present

i nvention allows synchronization to be established between all clock
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using a difwagdrioralk wlodkaomltibplhoaeiski blohemes,t IuharSYNCSI signalkvi ces
would be some other divided version of the input clock, as
would be known by the ordinary skilled artisan within the
purview of the present application.

The example described herein is for 1.5x clock
multiplying systems.

In the exemplary system, the SYNC signal 20 is "hlgh“
(i.e., "1") at t0 and CLK signal 10 is rising from a "low"
level to a "high" level. Just after the CLK signal 10 goes
from a high level to a low level at t0a, SYNC signal 20 goes
from the high'level to a low level (i.e.; <0").

The SYNC signal 20 remains low until just after tla.

At tla, the CLK signal 10 transitions from a high signal to
a low signal. Just after the CLK signal 10 changes to a low
signal, the SYNC signal 20 transitions from a low signal
back to a high signal.

- The synchronization signal 20 makes a transition after
the fall of the system clock signal so that the SYNC signal
is high for eﬁery other high system clock signal. In this
way, SYNC signal acts as an enable for every other positive
CLK pulse.

Providing the SYNC signal 20 allows a specific protocol

- (e.g., relationship) to be established between the CLK -
signal 10 signal and the fractionally multiplied internal -



31, 32 receive the SYNC signal 20 fromdevice 30 for synchronizing their
respective internal clocks. Specifically, Figure 3 shows a SYNC bus 33 that
carries the - 9 - SYNCsignal 20 to "
device 31, device 32 and other sl ave devices (not shown) connected to SYNC
“bus 33. As shown in Figure 3, each of the slave devices conmmunicates.to
and fromthe bus 35 to transfer data an perform ot her operations rel ated
t? Eﬂe sl ave device's primary execution function. The bus 35 conmmuni cat es
a e sa e _ Wela-' W t exenpl ary enbodi nent, the
pr ef e_r_redgg‘ﬁggcgi 'g}gt%#fa%ggg%%]g g&‘ﬂﬁﬁr}'ﬂ,ﬁ%‘ér% an );;eed can be utilized
according to FWbedﬁgp@QQOL;Qﬂ#ﬁhﬁ%ﬁhﬁ@yg@EnFebﬁfFﬁﬂ%ﬁi?oﬁ? a8  Each of
the slaverdeYbedS Nihed the WHNNI £6t £5tRigRdatr ehkt Besfinacedgealdsy the
mul tiplied bus 36. The fracti onall.l nul ti p i.eg yS ; aPer ates at’ so
speci fic FHKe§éBPEL Adh-(3i+f egdf ?%I?ﬁ"’ﬁl% athe’ctR SPgRY 1™ fbnﬁow
gxgnple, gmgnau?ebi@ngEEhIﬁﬂgﬁdﬂiﬁdthesinagrnaérebﬁ al auvspead sof e 5x,
.5x, or 3.5x of t Si . 5T D} kfj.C [ s : ned
W Th si t UBLPORE -vhdFe TS TRRL TR ATy 15, FRE T hbGaF ER g PRey A I,
si gnal fregtueonfyphhase iand nust -het cgereated; gpeagi te. bel iny phass b, 5x,
etc.) of pigndlKniedad] 1Hb° DulediRAURN! ivied NohedePNe! Seinb1aghi ea
mul ti pl es. ref'ore, each of the slave devi ces nmay _conmuni cate wi th both
the 1x budownat: khef pisinshadge rof t Fhei EHKLEIIPAAL 180 e SO RSP '
di fferent o keg4efpis®S be falling. If internal CLK 21 is rising at

this point, it is out of phase and must be corrected so as

to be in phase by being shifted 180°. .

Thus, the SYNC signal 20 is for establishing an
arbitrary protocol to determine whether all the internal CLK
21 signals of each of the vari¢us internal devices are
synchronized (e.g., in phase with each other). Such
synchronization of each of the internal devices allows
communications between the devices to be highly efficient
and also increases the processing speed of the overall
system.

Phase-locked loops (PLLs) are commonly used to
synchronize clock signals. Basically, a" phase-locked loop
is a device used to control the frequency of a local
oscillator such that. the frequency thereof will follow
variations in frequency of. another signal.

A phase-locked loop allows "locking on" to a signal
close to that of the oscillator or a harmonic or
sub-harmonic thereof, depending on the structure of the PLL.
Therefore, PLLs are somewhat self-tuning, exhibit _
particularly good noise immunity and are used to recover a
synchronization signal.

A PLL essentially includes a variable frequency
oscillator (e.g., typically a VCO) and a phase detector.
The phase detector receives both an input-signal and an -
output signal from the oscillator.



Te all ow devices 31, 32 to conmunicate with the 1x bus 35, the CLK signal
10 is input to the devices fromthe CLK bus 34. Since the CLK signal 10 and
the 1x bus 35 operate at the same frequency and are in phase, no

synchroni zation i s necessary. To all ow device 31 and device 32 to
comuni cate with the fractionally nultlplled bus 36, the CLK signal 10 nust
be nultiplied by a predeterm ned amount 2 Tn the exenplary enbodi nent, the
CLK signal 10 is multiplied by a half- integer amount (i.e., 1.5x, 2.5x,

3.5x, etc). As @HigGHsshabRuEinvabe éﬂ{:{ﬁémabrf 'i:ﬁ%t '191%’46 %4 rggﬂau Rhdptbaevi ce

clock e out of phase
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rel ati onshi'§ -8+t Eﬂ%ﬁ?ﬁﬁl ra%f ghﬁl 98H§IFF P2d clock, with respect to
the CLK 10 SI gnénhe Phasd Ldm:tte@horscempaa:eaedhenphaﬁeh@rf d:d'taaiinnuett OoW.
crpl oyi g FARE i C1Y CEQEABRER bPOnanonRl Bbrdfis Ja Sns 188y c
signal is Aodibagedd Jsrm %r%mnhlﬁudehéocrﬁswgdamg ke thex@hasect i onal

clock nult b@fo&afdéﬁécﬁ’:‘&fn@%réﬁétﬁé’éﬁ Ebgﬁéht%ll' @h@e X8 i tegn di vi ded
version of the input clock, as be known 8&9#&& rdlnary skilled

arti san w EFEFUSREH R |¥R@cﬂa¥ﬁ%bﬁ?e§€ﬁﬂuﬁﬁﬁm ator. The Qukpre
descri bed hﬁr@hélphééé détecttddCiiay be advantageously filtered by a

low pass-filter to smooth the error 81gna1 and thus to
stabilize the operation of the VCO.

Figure 4 shows a block diagram of a multipliéé’clock
generator 40 as used in the present invention. The prior
art PLL has been modified to include pertinent elements for
the clock synchronization of the present invention. As
shown in Figure 4, the multiplied clock generator circuit 40
includes a phase/frequency detector 41 and an oscillator 42
for outputting an internal multiplied clock signal 55. This
multiplied clock signal 55 is used to communicate on the
multiplied CLK bus 36.

The phase/frequency detector 41 is 'a -commonly known
hardware element for comparing, in this case, the rising
edges of two signals (e.g., an external reference clock
signal 10 and an on-chip clock signal 51), and for producing
control signals that will then increase or decrease the ‘
speed of the oscillator until the frequency and phase of the
two inputs are identical.

In Figure 4, a first AND circuit 43 receives the CLK
signal 10 from the CLK bus 34 and the SYNC signal 20 from
the SYNC bus 33, as described above. )

AND circuit 43 operates according to the operations or
"protocol" established above. In this protocol, AND circuit
43 . detects the conditions of the SYNC signal 20 being high
(i.e., "1") and the CLK 10 signal having a rising - edge (i:e.



nul tiplying systemns. In the exenplary system the SYNC signal 20 is
“high" (i.e., "1") at t0 and CLK signal 10 is rising froma "low' level to
a "high" level. Just after the CLK signal 10 goes froma high level to a
low | evel at tOa, SYNC signal 20 goes fromthe high level to a low |evel
(i.e; "0"). The SYNC signal 20 r ins lowuntil just after tla. At
tla, the CLK si-qgnal 10 transitions frgg?a hi gh signal to a | ow signal. Just
after the CLK signal 10 changes to a |ow signal, the SYNC signal 20

”a”Si“0§ i OBy UV §hPNEkvORCKr50) ashbEA1Sk@l high 1&*@. (1)
synchroni Zati on signal 20 nmakes a transition agp the fall ystem
cl ock S|gﬁagnéé)thaﬁnﬁﬁbté*NE?s?ﬁﬂﬁFthnﬁlBﬁef & rqﬂ? stem

gloglcrl \S/Ie gg%kcu:}% téﬂy %uwutsswgsﬁggaal 43\%& anea@mmfeémremry ot her
S I n e
prot ocol PE€E &"tqrel‘*a"tlor%l'f'?r%)o?%r%‘élggté C?H@'g‘n%écta %l%!atl;i?d?k %ﬁ

signal and thd filndismmied nihtdetasdd bafLelwnaI devi ce cl ock

L e s s g g it cpa

is as foll ows
signal 10reicedvesnsan itesnahatlogki fegdbagk r"é‘:%%s!n 851:93}?5& %% a high
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receives a divided clock signal 52 "DIVCLK" which, as also
discussed below, is the internal multiplied clock signal 54
which has been divided by a predetermined number. Signal 54
is divided according to the established multiplication
factor. _
AND Circuit 44 follows a similar protocol as that
established above and detects the conditions of the DIVCLK
signal 52 being high (i.e. "1") and the FBKCLK 51 having a
rising edge (i.e., going from a low ("0") signal to a high
("1") signal). When these conditions are both present, AND
circuit 44 outputs a signal 46, to the phase/frequency
detector 41. This operation is also shown graphically in
Figure ‘6 and is discussed below. ceo.
The polarity of the correction output voltage. signal 47
is determined by which input signal (signal 45 vs. signal
46) Tises first, and the magnitude of the correction output
voltage signal 47 is determined by the amount of time
elapsed between the two rising edgeS;
~ The phase/frequency detector compares the rising edges
of the signals 45 and 46 to determine whether the frequency
of the oscillétor 42 needs to be increased or decreased. If
the rising edge of signal 45 occurs before the rising edge
of signal 46 then the phase/frequency detector will produce
a control signal 47 that causes the oscillator to increase
in. frequency. | -
Similarly, if the rising edge of signal 45 occurs after



being shifted 180[err]. Conversely, when the SYNC signal 20 is |low at the
ri sing edge of the CLK signal 10, the internal CLK 21 nust be falling. If
internal CLK 21 is rising at this point, it is out of phase and nust be
corrected so as to bée in phase by being shifted 180[err]. Thus, the
SYNC signal 20 is for establishing an arbltrary protocol to determ ne

whet her all the-internal CLK 21 S|gnaI% of each of the various interna
devi ces are synchroni zed (e.g., in phase with each other). Such

synchr oni Z@ﬁé%ginsaehg@f otﬂﬁesl)g}i n@é d@P{éﬁeéhé' %ﬁ&@eyemﬁea@y ons

bet ween the devices to i ci enf and I NCr eases theé

processi nfebreEosf wikd praduqe & geptrol Sl%ﬁ%eqﬂoEkéH Fayses dhss) are
common| y u§§g11pae¢ﬂcthbe&eaggﬂgﬁwg&@@@e slcally, a phase-| ocked | oop

is a device us t o, control a | ocal osci || at or ch. t hat
Lhe trequoncy tTBPOEERIPE et A TR PENESER BT EHBLACH oA e dtndrE
si gnal . theAsahesasIthbeiﬂmmngztélntldmahkpngebwéenosignagsabnﬂ(xﬁato
that of t S 0 S e f
t he struc[]i%?‘8 E$kkﬁk S ere?%?gg %%?§&§}£§éone a%g Aﬁ? Pu%%ﬁég h|b|t
particul arBy goupandnge tihmmﬂm;ochnmgm eSYN@dsignabcaQeisahdghc oo rhh&at | o n
si gnal . R S S aria e C e

i calﬁeﬂ ghséo&%gfi déhasn.\gduijé hfgh ¢ J_z Piélﬁé a4 ga bf e IdriK

(e.qg., det ector. E ase detector recelves
bot h an .rﬁmn% gh8l sgd@cked JapHseiharh ?rah@?ﬁé yegrepgyoLetector.

- 12 - For 1.5x clock multiplication, the SYNC signal envelops
every other rising CLK signal.

Similarly, by comparing the period when DIVCLK signal
52 is high to the period when FBKCLK signal 51 is high, a
rising edge of the FBKCLK signal is selected for use by the
phase/frequency detector. For 1.5x clock multiplication,
the DIVCLK signal envelops every third rising FBKCLK signal.

i Turning to Figure 5, the multiplied clock generator
circuit 40 has, as shown above, inputs from the CLK bus 34
and the SYNC bus 33 of Figure 3. Figure 5 illustrates, in
detail, a feedback divider 53 and the output internal
multlplled clock signal 55.

The output signal 55 of the multlplied clock generator
circuit 40 is distributed across the chip via the clock tree
distribution circuit 56. Preferably, the clock tree
distribution circuit 56 includes a plurality of driver
circuits, whose fan-out and number of stages is designed to
suit the requirements of whatever devices are implemented in
a specific application. A representative feedback point 54
is chosen for the “feedback" signal to be used by the
multiplied clock generator circuit 40 for phase alignment
(as well as frequency control).

The feedback divider circuit 53 is a portion of the
clock multiplication scheme and preferably includes latch
circuits acting as counters for allowing a plurality of -
programmable division factors.



Ei t her the feedback signal or the input signal may be frequency-divided
dependi ng on whether the PLL oscillator is to operate at a nultiple (e.g.,
harmoni ¢c) or sub-multiple (e.g., sub-harnonic) of the input signal.

The phase detector conpares the phase of the input signal and the feedback

signal and generates a signal (e.g., N | tage) having an anplitude
correspondi ng to the phase error detected therebetween to control the

oscillation frequency of the variable frequency oscillator. The output of

the phase det eﬁ&gﬁrgayg he 1AM BEE OLRL Ypibt bebeddbkcasked paxh filter to
snmooth the error gnal and thus to stabiljze the ogeratlon of the VCO.
c
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to Figure 4.
Specifically, the protocol requires that when the SYNC
20 is high at the rising edge of the CLK 10 (i.e., when CLK
10 is going from a low signal to a high signal), the
internal CLK 21 will also be rising. AND 43 detects the
conditions of the SYNC signal 20 being high (i.e., "1") and
the CLK 10 having a rising edge (i.e., going from a low
("0") signal to a high ("1") signal). When these conditions
are both present, the AND circuit 43 outputs a signal 45 to
the phaée/frequency detector 41. This signal is shown
graphically as waveform 45 in Figure 6.
Thus, the operations of AND circuit 44 are shown
graphically as waveform 46 in Figure 6. The DIVCLK signal
52 is the output of the feedback divider circuit 53 which -
divides the internal multiplied clock signal 55 by a factor
of 3. Signal 46 is the output of the AND gate 44 shown in
Figure 4, and occurs one AND-gate delay after every third
rising edge of the PLL-generated internal multiplied clock
signal 55. These two edges are compared by the
phase/frequency detector to control the PLL oscillator; apd
results in three internal clock'cyclés being generated for
every two CLK 10 cycles, or a 1.5x clock multiplication.. "If



geing froma low level ("0") signal to a high level ("1") signal). Wen
these conditions are both present, the AND circuit 43 outputs a signal 45
to the phase/frequency detector 41. This operation is shown graphically in
Figure 6 and is discussed in detail bel ow A second AND circuit 44
perforns a simlar function and recei eg--an internal clock feedback
"FBKCLK" signal-“51, which, as discussed below, is a representative out put
of the clock tree distribution circuit 56. AND circuit 44 also receives a

di vi ded clepfek fdiisdcioZai PLaEEKeivBuUGR, 535 id Lorf irAnssek bebSweoran hhe
i nt er nal It_|(%lul ed EJ ock S|gnal_ 54 i ch has been djvided by a
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t hat establish above and. ectsth ondj tJj f. the DIMCLK signal 52
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di scussed ditoplicatiomefagtari i§ Shet Kracdiqae whare ihritnwperagersignal
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signal with respect to the system clock signal. :

If the SYNC signal is set high continually, then signal
45 will track the CLK input exactly, and as such, represents
‘a divided-by-1 version of the input CLK. Similarly, if the
DIVCLK signal is held high, then signal 46 will track the
FBKCLK signal exactly, and as'such, represents a divided-by-
1 version of the FBKCLK. With the SYNC signal held high,
integer clock multiplication (1x, 2x, 3x, etc.) is possible.

In the above ekample, the numerator is 3 (e.g., the
division factor within the feedback loop), and the
denominator is 2 (e.g., the amount the system clock signal
is divided to produce the synchronization signal) .
Therefore, 3 divided by 2 results in a I:5 multiplication of
the sysfem clock signal.

Figure 7 illustrates a preferred system embodiment of
the invention. A microprocessor 70 and level 2 cache 73 are
both connected to a common 1x bus 35 with CLK signal 10 on
the clock bus 34. In this embodiment this bus operates at
66MHz, and may be connected td other devices (not shown)
that use a standardized Intel protocol for this bus.

In oxrdexr to improve performance, devices that
communicate on the common bus 35 have internal clock
circuitry to multiply the extermal clock signal 10 to a
hiéher internal 1.5x speed of 100 MHZ. This allows internal
circuits to operate at a much higher rate. PLL circuits

are ideal for this pufpose. Figure 4 depicts PLL -elements



The phase/frequency detector conpares the rising edges of the signals 45
and 46 to determ ne whether the frequency of the oscillator 42 needs to be
i ncreased or decreased. If the rising edge of signal 45 occurs before the
rising edge of signal 46 then the phase/frequency detector will produce a
control signal 47 that causes the osci%lator to increase in frequency.
Simlarly, if the rising edge of si@HaI'ZS occurs after

-14- the rising edge of signal 46, then the phase/frequency detector wl|

produce a,g@4t 54 cg'h?ﬂa_bt%ﬂ RAlL 16 ANE SghPEs 0861 hplameh® @gf ease in
frequency. . . The Timng rel ationship betwen signals 45 _and 46 is the-
same as tﬂ%lFFHiHSdr8#&F$oﬂﬁﬂﬁF4Rﬁﬁm%& §P§ﬁ§Fg ePkF19ULcd 7FBECLK 51, since
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In order for the microprocessor 70 to communicate with -
the level 2 cache 73 at a clock-multiplied rate of 1.5x on
bus 36, the internal clocks of both devices need to be
synchronized with each other for the communication to be
valid. In this“embodiment, the microprocessor is chosen to
be a "master" device, and includes divide-by-two circuitry
72 to produce a éynchronizing éignal 20 which is sent
internally to the microprocessor's own multiplied clock
generator 71, as well as externally via sync line 30 to the
cache device's multiplied clock generator 74. Both
multiplied clock generator circuits 71 and 74 use the
external clock signal 10 and the sync signal (20) in the
same manner, so that the resulting intetnally generated
multiplied clocks are identical in frequency and phase.
Both the microprocessor and the level 2 cache operate with
their intermal high speed clocks in phase with each other
and, therefore, reliable communication between them on bus
36 can occur at the faster fractionally multiplied clock
speed. .
| Figure 8 illustrates another embodiment similar to
Figure 7 that includes the divide-by-two circuitry 82 as an
external circuit to the devices 80 and 83. Therefore, in
the embodiment shown in Figure 8, there is no "master"
device. Specifically, Figure 8 illustrates a 1x external
clock bus 35 which supplies an unmultiplied clock signal-fo
devices 80 and 83. Each device 80 and 83 includes a



and the SYNC bus 33 of Figure 3. Figure 5 illustrates, in detail, a

f eedback divider 53 and the output internal nultiplied clock signal 55.

The output signal 55 of the nultiplied clock generator circuit 40 is

distributed across the chip via the clock tree distribution circuit 56.

Preferably, the clock tree distributigon circuit 56 includes a plurality of

driver circuits, whose fan-out and nudber  of stages is designed to suit the

LeqU|renents of whatever devices are inplenented in a specific application.
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speC|f|cag%y the function of the AND circuit 43 and AND circuit 44 as they

relate to"the above signals. The waveforns shown in Figure 6 are for the

circuit shown Im Bugurdy Msing 5 whastent gepeyptefssypchFomifdng 1. 5x
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di vi ded- by-two version of the CLK signal 10, &he outgut of AND circuit 43,
the synchronizing signal is available as soon as the ¢LK

Signal_becomes active. This allows phase-locked-loop
-devices to immediately begin "locking-in" on the correct
internal clock phase. -This synchronizing scheme also allows
an entire clock-multiplied systém (e.g., a "master" with one
or more "slave" devices) to be added to an existing bus,
without any required changes (i.e., synchronizing bus cycle,
additional signals, etc.). These attributes are required in
cases where "backward compatibility" does not allow any
changes, and is also useful for a "plug-and-play"
application where a special bus cycle for synchronization is
impractical.

Wwhile the embodiment above has been illustrated with
the specific structure of the appended Figures, as would be
known b? the ordinary skilled artisan within the purview of
this application, this invention is applicable to any set of
clocked devices that perform internal clock multiplication
at fractional multiplication factors that need to
communicate with each other at the multiplied speed.

Thus, while the invention has been described in terms
of a single preferred embodiment, those skilled in the art
will recognize that the invention can be practiced with
modification within the spirit and scope of the appended.

claims.



shown in Figure 4 as signal 45, is a pulse that occurs on every other
rising edge of the CLK signal 10, delayed by one AND-gate delay. This
occurs because-the AND circuit 43 is operating according to the protocol,

di scussed with respect to Figure 4. Specifically, the protocol
requires that when the SYNC 20 is thq QL_the ri sing edge of the CLK 10
(i.e., when CLK' 10 is going froma low Signal to a high signal), the
internal CLK 21 will also be rising. AND 43 detects the conditions of the
SYNC signal 20 being high (i.e., "1") @apdgdde CLK 10 having a rising edge
(i.e., gokng froma low ("0") signal to a high ("1") signal). Wen these
conditions are both present, the AND circuit 43 outputs a signal 45 to the

phase/fr equencm&l@iﬁgt ehuéldegahsab&ug Qfdr Ilaufémrbxw APRAE kY cRSin@ e orm
45 in Figure the o ‘ié%ﬁ% AygLC|rcu1t 44 g ilshomm

gr aphi cal IV‘&?%\@?%?‘H‘F4E°| ﬁeﬁfl 15 \RIHERY o131 2821 PL1PWE out put
of the feedback divider circuit 53 which di.vides the internal nultiplied

cl ock signal 55, by.a fact of,_.3. .9 gnal. i . Ot t he AND.gat e
34 shown 151 Fi qareiacudf B bvBchR iRt A P &L s Bk it

ri sing edggigral hecnprgennsgated i nternal nultiplied clock S|gnal 55. These

two edges are e t control t he PLL
9 SRR Eo@yﬁéﬂﬁra'&i ? ﬁsg}&(ﬁ Cffé&? gnil

oscillator, and results i ree | cycle elng generated for
every two CLK 1® €¥€$§sdeUFC§:1°R?n§QiM@ IQQRﬂ¢Q§R¢oﬁ° paid

- 16 -  thfedersbpsd fbdhder foir' Feideivdnd SHid | Gpitsmt €186k 8ighal,
and for generating a synchroﬁization signal; and
at least one secona_device, operatively connected to
said generating means and said first device, for receiving
said system clock signal and said synchronization signal,
each of said at least one second device including a
multiplied clock generator circuit.

2. A circuit as in claim 1, wherein said multiplied clock
generator circuit comprises:

first and second logic circuits;

a phase/frequency detector circuit coupled to each of
said first and second logic circuits; and

an oscillator circuit for receiving an output of said
phase/frequency detector circuit, said oscillator circuit
including means for outputting said multiplied system clock
signal, said multiplied system clock signal comprising a
fractional multiple of said system clock signal.

3. A circuit as in claim 2, further comprising:

a clock tree distribution circuit, operatively
connected to said multiplied clock generator circuit, for
outputting a feedback clock signal.

4.- A circuit as in claim 3, further comprising:
a divider circuit operatively connected to said

- % € L M S8 ¥



di.vi de- by-five operation, the result would be a 2.5x clock nmultiplication.

- The multiplication factor is 'a function of the frequency of the

synchroni zation signal and the frequency of the divided feedback signal
Specifically, the nultiplication factor is the fraction where the numerator
is the division factor within the feggg%Fk di vider and the denom nator is
the division factor of the synchronizati"on signal with respect to the
system cl ock signal. If the SYNC signal is set high continually, then

si gnal 45;\%4 eéifg& &?g?ﬁéehggk&&?(%c_% @nd as such, represents a

di vi ded-b sron o arIy, | f the Dl VCLK signal is
hel d hi gh, therwhe¢xein a8id; dlthlm thﬁ&(&m@%m@%%l megnst FPr and as

such, reprd’i&%ﬁﬁxg?‘ &hygdedeBpack ¥ALHKOL éi‘%f@@gns %Ehohlﬁ%u@éi‘ig
signal held hj nt eger clockﬁg;pjtetlpllcalon 1x, 3x, etc

possible. & ‘94‘#‘?%3 ghekesd signaly fRrsatd ‘P‘élél?élﬁd cieekdi vi si on
factor w tddrmetdwot eeslbaaktl.oop), and the denom nator is 2 (e.g., the
anount the systemclock signal is divided to produce the synchronization
signal). Therefore, 3 divided by 2 results in a 1.5 nmultiplication of the
system cl &&k siyzinalrcuit abi dor elaim I4u,stwlssnssira @J‘adefizdtsglsgém

nbod t | Og e 73 are
both conndei s LAUEIaLE et TP CRnd BEE GRMELTRIBER (5 e
:34. | n thisiendbardnsaidi §Y§G§r@péﬂﬁté§1htsm ang dueapshoronnect ed to
ot her deV'&P@pt(E@in hQWElrtsEabu‘.l%% th'iérﬁ@k%fcﬂ'éﬁé’tétﬁtéioékohﬁgﬁhlf Had hsls

bus. order To inprove performance, devices that comrupi cate on,

comon bw??ﬁﬁ?ﬁﬁ¥m+ﬂ?€rﬁ5FtEISBE-ﬁQHQMQX%FQ¥P?&H§Ft$9 thné}téﬁﬁmSQﬂka
si gnal 10 ;i:fe@etlséghﬂaedngeaaal &ndx speed of 100 MHZ. This allows internal

circuits to operat at a gher_rate. circuits | deal__f.or
Chi 5 pur pose. | Rt c4olB 10926 Logr i ipotudify héahd 867 Loiipar iy

said d1v1ded feedback clock signal and said multiplied
system clock signal and wmeans for outputting a second pulse
when said divided feedback clock signal has said
predetermined state and- said multiplied system clock signal
has said predetermined state.

6. A circuit as in claim 5, wherein said phase/frequency
detector circuit includes means for comparing said first
pulse &nd said second pulse and means for controlling séid'
oscillator circuit so that éaid first pulse and said second
pulse are produced substantially simultaneously and said
multiplied system clock signal is syncﬁronized with other
multiplied system clock signals of others of said at least
one second device.

7. A circuit as in claim 2, wherein said first and second

logic circuits each comprise an AND circuit.

8. A circuit as in claim 2, wherein said multiplied clock
generator circuit further comprises a low pass-filter' -
operatively connected to said oscillator circuit and said
phase/frequency detector circuit. '

: * [ L L] -] *



-17- used in conjunction with AND gates to inplenent the nultiplied clock
generator 40 applied in Figure 7 as elenents 71 and 74. The nmultiplied '
cl ock output fromthe generators 71 and 74 is distributed across the
m croprocessor and the level 2 cache by clock lines 77 and 78 respectively.
The clock lines also distribute the ngtgtplied clock signal to their

respective |/0O'bl ocks 75 and 76 so as al | ow hi gher speed communi cati ons

on the higher speed, 100 WMHZ, 1.5x, fractionally nultiplied bus 36. In
order for the m croprocessor 70 to comunicate with the |evel 2 cache 73 at
a clock-multiplied rate of 1.5x on bus 36, the internal clocks of both

devi ces red tB bireyAthpeniizedlaim fackherasn saidt daviderusidaiidn to be

val i d. '%ﬁ&ﬁefﬂéeﬂbﬁ%s tahf;‘alrﬂfe{ppwcsﬁspatbﬁ eheean ck %ea»elwster
devi ce, and, i ncludes divide-by-two_ circuit ce .a . synchroni zi ng

r d
si gnal Zosﬁhﬂcﬂ1V§d§€nFlﬁﬂH%QuBQKf?EW?h% HiEFBﬁFGKe?% L¥igHP/yl tipl i ed

clock gergpetatidhs on WRlild FeawbecRatlycki siguat.line 30 to the cache
device's multiplied clock generator 74. Both nmultiplied clock generator
circuits 71 and 74 use the external clock signal 10 and the sync signal

(20) in the.samecieendt, aso irhatlaire 1eswheregni aaédnfﬁ.h:ystgde@riaieed

mul tipl i ef'ui?{;ﬁ&&?s Sg{tﬁfﬁg@y | c? &rlﬁﬂfﬁ il@&dﬁﬂgﬁ

m cr opr ocessor e opera t |nterna hi gh speed
cl ocks |n0phauetmﬂnh1§§mmgbther and t her ef ore, rellable communi cati on

bet ween then1oeh§§a gﬁmp%%uygnwlégléh31§@§§g§ fractionally multiplied
cl ock speed. lgure_ 8 il]ustrates anot her enbodi nent S|nlle{ to Figure

7 that include® Fﬁ@°@ﬂbﬂ&§ EXRAueneY; gefegborscifcuit couple

each of said third and fourth logic circuits; and
_ a second oscillator circuit for receiving an output of
said second phase/frequency detector circuit.

11. A circuit for sYnchronizing a multiplied system clock
‘signal, comprising: i

means for generating a system clock signal;

a first device, operatively connected to said
generating means, for receiving said system clock signal,
and for generating a synchronization signal; and

at least one second device, operatively connected to
said generating means and said first device, for receiving
said system clock signal and said synchronization signal,

wherein each of said at least one second device
include:

_ means, operatively connected to said generating
means, for multiplying said system clock signal to produce
said multiplied system clock signal; and

means, based on said synchronization signal, for
synchronizing said multiplied system clock signal with each
said multiplied system clock signal produced by said at
least one second device.

12. A circuit as in claim 11, wherein said first device

O



external circuit to the devices 80 and 83. Therefore, in the enbodi nent
shown in Figure 8, there is no "master" device. Specifically, Figure 8
illustrates a 1x external clock bus 35 which supplies an unnultiplied clock
signal to devices 80 and 83. Each device 80 and 83 includes a

mul tiplied clock generator circuit 81,and 84 which nmultiply and synchronize
the clock signal based on the sync sig al 33 and the clock signal 34, as

di scussed above. The nultiplied clock signals 87 and 88 are supplied to the
| /O bl ocksg 85 .84, 86 which can then communicate on the hi gher speed bus 36

In sum by using a "master"” generated synchronizin nal broadcast t
ot her "slave'(ﬂQGQE% gl €4 EgthgnPPéﬁs'thQ§ﬁ%ﬂY 9&?%9%% | tpgSal
avai | abl € g&n tﬁ@@nQ—Kfétgﬁlﬁtl.tb@Q@ﬁR@ a;ﬂﬂd/e;ys'lﬁem @1d>ckvss:|.gnal

phase- Iocked Io evice | teI "l,0C t he correct
i nt er nal ékrcﬁfﬁﬁé %9% c r?éﬂgléé'o&g‘?j[ ove cgn entire
flogk nggthpiHﬁbé¢ﬁdefyﬁehgonlalhgambansAmhaseﬂupnwsamde "slave" devices)
o be adde £X ng Wi i, ]

synchr oni Y r{bcc}b{%n%zéflén aggflad tf%(l“ts Yol rf'éj Q%léi fied

Fonal Al s Bt se attribuies are.
required isystzesesclbekesignakwithc issid twiltdd@sl%tsﬁﬁi%% ghock

changes, bﬂéﬁ%ﬁé} PFOUSER by! Bhi8 S U GG Rt Idebiga. wher e a

speci al synchfoni zation is inpractical. Wil e the
enbodi nent above has been illustrated with

13. A circuit as in claim 11, wherein said synchronizing
means includes a multiplied clock generator circuit.

14. A circuit as in claim 11, wherein said multiplied
system clock signal comprises said system clock signal

multiplied by a non-integer.

15. A circuiti as in claim 11, further comprising a clock
tree distribution circuit connected to said second device,
wherein said multiplying means includes means for outputting
said multiplied system clock signal to said clock tree

distribution circuit.

16. A circuit as in claim 15, further comprising:

a feedback clock signal output by said clock tree
distribution circuit; and

a divided feedback clock signal comprising a product of

division of said feedback clock signal.

17. A circuit as in claim 16, wherein said synchronizing
means comprises:

first and second logic circuits;

means, coupled to said first and second logic circuits,
for varying said multiplied system clock signal; and - =~

means, coupled to said clock tree distribution circuit,
for dividing said feedback clock signal and outputting a

* c L M .8 * :



the specific structure of the appended Figures, as would be known by the
ordinary skilled artisan within the purview of this application, this
invention is applicable to any set of clocked- devices that performinternal
clock nultiplication at fractional multiplication factors that need to

comuni cate with each other at the qy&ggglied speed. Thus, while the
invention has been described in terns” "of a single preferred embodi nent,
those skilled in the art wll recognize that the invention can be

practi ced Y {yeq0ebiipabkor1Wclkhigiddigr spirit and scope of the appended
-19-

cl ai nms.
CLAI M5

Fb&ing t hus descri bed our invention, what we claimas new and

desire to gecurg byrbeitens Ral @laine BB, fwhépesn said fArsir dagtid or

synchroni zin
generati nd®

. i pli.ed ' ' o
el neRunes Biae covbarind WrandUFRE ShiBaring A" 1

connect ed systsén dcYookr signg lmamds sdidt syrehvonjzatidnsgdgemlcl ock signal
and for generatlngeagéégggraggg?wégk £08 1 - Pfes secahdlgéﬁ%ﬁﬂﬁﬁmffcond

devi ce, operati%%

nect e

sal'd generating neans and salfd firs

devi ce, foneamseforngomparing said feedback clock signal and said

divided. feedback clock signal, and

said varying means including means for adjusting a

frequency and a phase of said multiplied system clock signal:

based on output of said first and second comparing means.

19. A method of synchronizing clock &ignals in a system

generating a system clock signal, said system including a

first device and at least one second device operatively

connected to said first device, each second device of said

at’

of

least one second device including means for producing one

a first multiplied system clock signal corresponding to

said system clock signal and a second multiplied system

~clock signal corresponding to a signal other than said

system clock signal, the method comprising steps of:

for each said second device:

inputting said system clock signal and a

synchronization signal;

multiplying said system clock signal to produce a

device multiplied system clock signal comprising one of said

first multiplied system clock signal and said second

multiplied system clock signal;

outputting said device multiplied system clock

signal to a clock tree distribution circuit; and

determining whether said device multiplied system

clock signal corresponds to said system clock signal; and

for each said second device producing said second

nultiplied system clock signal, adjusting said device

multiplied system clock signal, based on said determininé'

AT ALY



sai d §ysten1c|ock signal and said synchroni zation signal, each of said at
| east one second device including a nultiplied clock generator circuit.

2. Acircuit .as in claiml1, wherein said nultiplied clock generator
circuit conprises: first and second logic circuits; a

phase/ frequency detector circuit cogp%gd to each of sald first and second
| ogic circuits; and an oscillatofr “circuit for receiving an output of
sai d phase/frequency detector circuit, said oscillator circuit including
reans Tors ol bl pU&B fn3fkOaiyle! idid ;F%ésyfé@%&ig%lmn Yetedl ¢1@d i plied
system clqC rising actional nu sai d system cl ock
si gnal . Sﬁgnahantbubt 3 dﬁWﬂQQrWQﬂt¥E#%%@rsX§ mi slRgk signad s |Qfck
tree di stgihatsofeChheHi he YA i0iRd Yacopnacaedite . sai d nul tiplied clock
generator circuit, for outputting a feedback clock signal. 4. Acircuit
as i'n claim 3, furt her conpri si ng: a divider circuit operatively
connected2¢9 SAidethod as in claim 19, wherein said d2@ermimg tstidg ed

cl ock generator circ

prises sgeps of:
inputting a feedback clock signal from said clock tree
distribution circuit; .
dividing said feedback clock signal to produce a
divided feedback clock'signal; and .
comparing said device multiplied clock signal and said
divided feedback clock signal, and comparing said system

clock signal and said synchronization signal.

* [ L M S *x



~
wherein said divider circuit includes nmeans for dividing said feedback
cl ock signal and neans for outputting a divided feedback cl ock signal to
said nultiplied clock generator circuit. 5. Acircuit as in claimd4,
wherein said first logic circuit includes neans for conparing said system
cl ock signal and said synchroni zation signal and nmeans for outputting a
first pulse when said system clock si ggl has a predeterm ned state and
sai d synchroni zation signal has said gredeternined state, and sai d
second logic circuit including nmeans for conparing said divided feedback
Sl ook si gnal and sEMCKUSYNGHRENIZATTON SCHENESFORaFRARTIANARS f or
out putting a second pul se MBBTIBRICATIONdS8YSTEMSback cl ock signal has said
predeterm ned state and said nultiplied systemclock signal has said
predet er m ASTRAGT €. 6. Acircuit as in claim5, wherein said
phase/ frequency detector circuit includes nmeans for conparing said first

ul se and said sgcond sge_and. _neans ont i sai d illatao
Eircuit o) hai'é ] ?p¥tt§3 Igﬁngﬁ °§g?gn§e80b§hkﬁﬁg&e§rngié €%§dk
subst ant i #9Ra} ARELIAS P A8RECeAF AT nEPRPERELNTIS fs BEFELRO CRO gnal
synchr oni z6¥0 wi 34) otdefingttdpviea §39) ekhakoERosiyRsl $her syshem cdocki d
at | east osibgnaloamd dgenerates7a synchrohtization elgnal2 (2@heraidn atai d
first and regondon®dsécéndcdevicea¢dicosp)i shagnrébRivescthle. system A
circuit asgléok!#ignal &ﬂ@r€h€_§ZthEBhlhahiBﬁ ghank1gengadhobLCicheui t
further C°£@éér§&.5<gé’v18¥‘ép_ élgaé eg 4B8¢1ak' ngy §9NN9GL 8110533 Gor

oscil lator, (fLE {1 800 RE Sy PDaRCLL HEHUEIGHaTC LB bbatictC th multiplied

em ¢
system clock signal and a device for synchronizing the
multiplied system clock signal with each other multiplied -
system clock signal produced by the other second devices
based on the synchronization signal.

Figure 3
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%ﬁCIFCUIt as in claim4, wherein said divider circuit further conprises
a plurallty of latch circuits, wherein said divider circuit perfornms a
plurality of division operations on said feedback clock signal. 10. A
circuit as in claiml, wherein said first device further conprises a second
mul tiplied clock generator circuit including: third and fourth | ogic
circuits; a second phase/frequency ector circuit coupled to each of
said third and fourth logic circuits; an a second oscillator circuit
for receiving an output of said second phase/frequency detector circuit.
11. A circuit for synchronizing a nultiplied system cl ock signal
conpri si ng: nmeans for generating a system clock signal; a first .
devi ce, operativelyjconnected to said generating neans, for receivipg said
systen1c|ock si gnal } nerating a sy {on signal; ah
‘| east on i devi ce, ope '
and said first devike, for receiving I o
1
w
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12 lNTERNAL.{CLK B
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!
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said system cl ock signal and said synchronization signal, wherei n each

of Said at |east one second device include: nmeans, operatively
sconnected to said generating neans, for multiplying said system cl ock
signal to produce said nultiplied systemclock signal; and nmeans,

based on said synchronization signal, for synchronizing said multiplied
system cl ock signal with each said nultiplﬂ#ﬁ system cl ock signal produced
by said at | east one second devi ce. 12. Acircuit as in claiml1ll, wherein
said first device -22- i ncl udes:

second mul ti plying neans, operatively connected to said generating neans,
for multiplying said systemclock signal to produce said nultiplied system
cl ock signal; and second synchroni zi ng neans, based on said

synchroni zation signal, for synchronizing said nmultiplied system cl ock
signal with each said multiplied systemclock signal produced by said at

| east one second devi ce. 13. Acircuit as in claim1ll, wherein said
synchroni zi ng neans includes a multiplied clock generator circuit.

fi’:ﬁ

1X BUS — — — ~
K — T
SYNC
A |
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14. A circuit as in claim1l, wherein said multiplied systemclock signa
conprises said systemclock signal nmultiplied by a non-integer. 15. A
Circuit as in claim1l, further conprising a clock tree distribution
circuit connected to said second device, wherein said nmultiplying neans

i ncl udes neans for outputting said nultipljed systemclock signal to said

clock tree distribution circuit. 16. AJdbrcuit as in claim15, further
conpri si ng: a feedback clock signal output by said clock tree

di stribution circuit; and a divided feedback clock signal conprising a
product of division of said feedback clock signal. 17. Acircuit as in
claim 16, wherein said synchronizing nmeans conpri ses: first and second
logic circuits; means, coupled to said first and second | ogic
circuits, for varying said nultiplied systemclock signal; and neans,

coupled to said clock tree distribution circuit, for dividing said
f eedback cl ock signal and outputting a -

23 -
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di vi ded feedback clock signal. 18. Acircuit as in claim17, wherein said
first logic circuit includes first conmparing neans for conparing said

ssystem cl ock signal and said synchronization signal, said second | ogic
circuit includes second conparing neans for conparing said feedback cl ock
signal and said divided feedback clock signal, and sai d varyi ng neans

i ncl udi ng neans for adjusting a frequency A&d a phase of said multiplied
system cl ock signal based on output of said first and second conparing.
nmeans. 19. A nethod of synchronizing clock signals in a system
generating a systemclock signal, said systemincluding a first device and
at | east one second device operatively connected to said first device, each
second device of said at |east one second device including neans for
produci ng one of a first nmultiplied systemclock signal corresponding to
said systemcl ock signal and a second nultiplied systemclock signa
corresponding to a signal other than said systemclock signal, the nethod
conpri sing steps of: for each said second device: : i nputting
sai d system cl ock signal and a synchronization signal;

mul tiplying said systemclock signal to produce a device multiplied system
cl ock signal conpr|5|np one of said first ﬁultlplled system cl ogk S|gnal

and said Sﬁf6ﬂ€ nultip ysTa : g said
devi ce nul ed s i : ' ot} circuit;
and : . ,deternin

'signal corresponds to
second device produci
adJUStPngégﬁSHWQQﬁﬂf

det er m ni
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- 24- step, to synchronize each device nmultiplied systemclock signal with
other device multiplied systemclock signals of others of said at |east one
- second devi ce. 20. A nmethod as in claim19, wherein said determ ng step
conprises steps of: i nputting a feedback clock signal fromsaid clock
tree distribution circuit; di vidi ng said feedback clock signal to
produce a-divided feedback cl ock signal; a$ conparing said device

mul tiplied clock signal and said divided feedback cl ock signal, and
conparing said systemclock signal and said synchronization signal.

25 21. A circuit for synchronizing a nmultiplied system cl ock
signal, conprising: means for generating a system clock signal
I — i 1
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a fiyst device, operatively connected to said generating neans, for
recerving said systemclock signal, and for generating a synchronization
*signal ; and a plurality of second devices, operatively connected
to said generating neans and said first device, for receiving said system
cl ock signal and said synchronization sigmgal, each of said second devices
including a multiplied clock generator cifcuit for outputting said

mul tiplied systemclock signal and for synchronizing said nmultiplied
system cl ock signal with said systemclock signal, such that each said

mul tiplied system clock signal produced by one of said second devices is
synchroni zed and in phase with other nultiplied system clock signals

produced by other ones of said second devi ces, wherein said

mul tiplied systemclock signal conprises a non-integer fractional nultiple
of said system clock signal, wherein said multiplied clock
generator circuit conprises: first and second logic circuits;

a phase/frequency detector circuit coupled to each of said first and second
logic circuits; and " an oscillator circuit for receiving an out put
of said ppaST#ﬁﬁﬂaquency-detector-c+rcu&t1—1nﬁ1i—osckfkator—tﬁTTxﬁt--—-—-]

i ncl udi ngy meansfTor_outpurting sardfmul tiplied sysfremcroc g - 83 |

22, A bﬂcuit as in claim?21, fur
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a clock tree distribution circuit, oOperatively connected
clock generator circuit, for outputting a feedback cl od
23. A circuit as in claim?22, further conprising:

circuit operatively connected to said nmugiplied clock
26 wherein said divider circuit includes neans

feedback cl ock §F_gnal A:ﬂﬁg@ﬂ%nfcﬂfon%éw tﬂﬁieﬂtggétééﬁ&?

signal to said rmultipli generator circult.: ' 7 A
circuit as in claim?2 wherei n id first. logic circuit includes neans
for conparing safri?agﬁlgqr'gﬁ?%?%lg(agsﬁsgeﬁ%lsfoﬁgélggéi’d synchroni zati on signal and

means for outputtjng, a first pulse when said systemclock signal has a
predet-erm ned st 5ttJ Sté*?ﬂl@a?ﬁxeratg!?}l%ﬁ‘?rgﬁf’tfﬁtt‘? &71d gepsrafing,meanss, for iseeivResid ned
state, and said second |ogic circuit including neans for conparing said
di vi ded f e&xfbe rlosk siguak and for sgnerating a synpbronizatien sigapk eadn cl ock si gnal and
means for outputting a second pul se when said divided feedback clock
signal has said priumtitr of sexbnd tdevices nabesativelynudrnepted dd saids pereratingcneansgnal
has said predeterm ned state. .

and said first device, for receiving said system clock signal and said synchronization

signal, each of said second devices including a multiplied clock generator circuit for
outputting said multiplied system clock signal and for synchronizing said multiplied'
system clock signal with said system clock signal, such that each said multiplied system
clock signal produced by one of said second devices is synchronized and in phase with
other multiplied system clock signals produced by other ones of said second devices,
wherein said multiplied system clock signal comprises a non-integer fractional
multiple of said system clock signal,
wherein said multiplied clock generator circuit comprises:
first and second logic circuits;
a phase/frequency detector circuit coupled to each of said first and second logic
\_/ circuits; and
an oscillator circuit for receiving an output of said phase/frequency detector
circuit, said oscillator circuit including means for outputting said multiplied system clock
signal.
22. A circuit as in claim 21, further comprising:
a clock tree distribution circuit, operatively connected to said multiplied c_lock
generator circuit, for outputting a feedback clock signal.
23. A circuit as in claim 22, further comprising:

a divider circuit operatively connected to said multiplied clock generator circuit.
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25.
circuit

pul se and nmeans for controlling said oscillator circdi
pul se and said second pul se are producegy substanti al ljy

A circuit as in claim?24, wherein said phase/frﬂe uency detecto
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I ncl udes neans for conparing said first pul se ncb mkﬁ;@smgnd
so that sard|fi

—

said nmultiplied systemclock signal is synchronized With said other

26.

Acircuit as 1tn claim

.

sard first a

circuits each, c ri se. an AND cirgujt 27.. Acircuit as in
claim 21, SEEHER Beind TR PYPRIERE S GF e ferdharkuslark sepelipsaid miffplipd clock
conprises a | ow pass-filter operatively connected to said oscillator
circuit an8enEEer Cliffiiise/ f requency detector circuit. 28. A
circuit as in claim23, wherein said divider circuit further .conprises a
plurality of |at2h cirAuwitejt astinckdim 23 wheddin isaid first logigi dircp#rihcindes means
plurality of division operations on said feedback cl ock signal.

29. A forrcodigaring@rsaikl sygteno elotk ndigrl and tshidl synohroyheon sigaskamd gikahs for
conpri si ng: 27
outputting a first pulse when said system clock signal has a predetermined state and said
synchronization signal has said predetermined state, and said second logic circuit
including means for comparing said divided feedback clock signal and said multiplied
N\

system clock signal and means for outputting a second pulse when said divided feedback
clock signal has said predetermined state and said multiplied system clock signal has said
prédetermined state.

25. A circuit as in claim 24, wherein said phase/frequency detector circuit
includes means for comparing said first pulse and said second pulse and means for
controlling said oscillator circuit so that said first pulse and said second pulse are
produced substantially simultaneously and said multiplied system clock signal is
synchronized with said other multiplied system clock signals of said others of said second
devices.

26. A circuit as in cléim 21, wherein said first and second logic circuits each
comprise an AND circuit.

27. A circuit as in claim 21, wherein said multiplied clock generator circuit
further comprises a low pass-filter operatively connected to said oscillator circuit and said
phase/frequency detector circuit.

28. A circuit as in claim 23, wherein said divider circuit further comprises a
plurality of latch circuits, wherein said divider circuit performs a plurality of division
operations on said feedback clock signal.

29. A circuit for synchronizing a multiplied system clock signal comprising:

* ¢ L M 5

rst
nd

¥

Ul Cipl i ed syt ehel P kol 4073 sRhyp Hhludhs EEghs oy iR TR ool Floek



Jreans for generating a system cl ock signal; alf ¢ ENtfes FET
operatively connected to said generating neans for rec Sy-51 e
ckock signal and for generating a synchronization signgl§ an a
plurality of second devices, operativelyy,fgonnected to fai d2g m refns
and said first device, for receiving said system clockl}sitgnal and sai d]
~synchroni zation _signal, each of said second devices ifcluding a multiplged
cl ock generator g}qaﬂ%fogg%qra i)y Wﬁ%cgﬁligaalrml tipli edesysicm-cl n'“'fgs-i--@;-ﬁal

and for synchronizing said nultiplied systemclock signal th said system
clock signal, su@HITSHERVIGSaePeTatiydly fonmecisite Jaidygepersting fmeaps grg’ﬁ%“”ﬁ% §#dced
by one or said second devices is synchronized and in phase with other

mul ti pl i edsyyemelack]sigrrl andjiensenesatog avackpnizatien sigiddsansf sai d second

devi ces, wherein said nultiplied systemclock signal. conprises a
non-i nt eger fractiploality ofils¢édondelevices,coptraivetye nomected tsisgilagenerating means
wherein said first device conprises a second nultiplied clock generator

circuit i agd@aidngist device, for rebdivigasatt byterh eldckOiigndli dndUdaid synchronizationd
second phase/frequency detector circuit coupled to each of said third and

fourth | 0gifaCleh@iokSaid®lond devices irfkl ROARMHEY [k Sdrefdddr! cit @it for
recei ving amm out put of Sal&% secon phas%equen?)l/ det ecgéor circult.
outputting said mulﬁplied system clock signal and for synchronizing said multipliéd
- system clock signal with said system clock signal, such that each said multiplied system
clock signal produced by one or said second devices is synchronized and in phase with
other multiplied system clock signals produced by other ones of said second devices,
wherein said multiplied system clock signal comprises a non-integer fractional
multiple of said system clock signal,
wherein said first device com-prises a second multiplied clock generator circuit
including: |
third and fourth logic circuits;
a second phase/frequency detector circuit coupled to each of said third and fourth
W, logic circuits; and
a second oscillator circuit for receiving an output of said second phase/frequency
detector circuit.

30. A circuit as in claim 21, wherein said non-integer fractional multiple

comprises a number greater than one.
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'30.‘ A circuit as in claim 21, wherein said non-integer fractional
“multiple conprises a nunber greater than one.

-28 -

CLOCK SYNCHRONIZATION SCHEME FOR FRACTIONAL
MULTIPLICATION SYSTEMS

ABSTRACT

A circult for synchronizing a multiplied system clock
signal includes a device for generating a system clock signal
(10, 34), a first device (30) that receives the system clock
signal and generates a synchronization signal (20) and at
least one second device (31, 32) that receives the system
clock signal and the synchronization signal. Each of the
second devlces includes a device (40, 71, 74, 81, 84) for
W multiplying the system clock signal to produce the multiplied

system clock signal and a device for synchronizing the
multiplied system clock signal with each other multiplied
system clock signal produced by the other second devices
based on the synchronization signal.

Figure 3
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