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RELATIONSHIP

BACKGROUND OF THE INVENTION
1. "‘ Field of the Invention

The present invention relates generally to synchronous data transmission, and
more specifically to synchronous data transmission between digital logic devices that

operate at different frequencies having a P/Q integer ratio relationship.

2. Related Art

Historically the system frequency of a computer was limited by .the available
silicon technology. In other words, syStem board technology was capable of higher
frequenc& operation than that of microprocessors provided by then available silicon
technology. Com_pﬁter systems designed usihg older technologies coﬁzmonly operated
both the system board and the microprocessor at the lower frequency required by the
microprocessor. However, because silicon technology has advanced more rapidly over
tune than system board technology, a crossover has occurred. - Today, advanced silicon
technology prov1des MiCroprocessors that are capable of operating at much higher
frequencies than currently available system boards.

Besides system board and microprocessor technologies, other situations exist
where aifféﬁhg technology cohstraints may result in distinct frequency domains. For
example, a microprocessor and a cache memory may be manufactured using different
silicon technologies, each technology providing a different maximum frequency of

“operation. A microprocessor and a floating point unit may also be operated |

advantageously at different frequencies. In these examples, the cache memory and/or



t echnol ogy. Conputer systens designed using ol der technol ogi es comonly
operated both the system board and the m croprocessor at the | ower
frequency required by the mcroprocessor. However, because silicon
technol ogy has advanced nore rapidly over tinme than system board

technol ogy, a crossover has occurred. Today, advanced silicon technol ogy
provi des microprocessors that are capabl e of operating at nuch higher
frequencies than currently avail abl e system boards. Besi des system board
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technol ogy constraints may result in distin frequency donai ns.
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different silicon technol ogies, each technology providing a different
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may al so be operated advantageously at different frequencies. In these
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on the sane chip f or die) as the CPU. or on a separate
discrete logic components and telecommunications devices. Therefore. the present
‘invention may be applied to a large variety of digital logic and memory devices.
Today, in order to provide high performance computer systems. it is
advantageous to operate the microprocessor(s) at its highest possible frequency and
other parts of the computer sy.stem ata ibwer frecjuency dictated by either system board
technology or other technology constraints. A significant problem in such computer
systems is _transferring data bet.ween the various components that operate at different
frequencies. One solution is to provide an asynchronous data transfer mechanism.
Asynchronous data traﬁsfer mechanisms are capable of providing accurate data transfer
but are often undesirable for use with nﬁcroprocessors. Asynchronous transfer
mechanisms have an inherent design tradeoff between uncertainty in data transfer
latency and accuracy of data transfer. Typically, lasynchronous transfer mechanfsms
are designed to optimize data transfer accuracy at the expense of unceruinty in data
transfer latency. |
Synchronous designs in microprocessors are advantageous over asynchronous

designs for several reasons. First, microprocessor design validation tools are optimized
for debugging synchronous logic designs. Using synchrofxous design techniques makes
microprocessor design and validation much easier and more reliable. Second,.
synchronous designs are mandated. in fault tolerant computer systems that use a
master-checker scheme. Ina master-checker system a first processor, the mastef,
.operates lock-stepped with a second processor, the checker. During each clock cycle,

the checker processor monitors whether the two processors produce identical results on

their pins to provide error checking. Because asynchronous data transfer designs do



chi p. Even when manufactured on the sanme chip, individual functional bl ocks
t hat exchange data may be advant ageously operated at a different
frequencies. Ot her exanples of devices that may be advant ageously operated
at different frequencies are discrete |ogic conponents and

t el ecommuni cati ons devices. Therefore, the present invention may be applied
to a large variety of digital logic and nenory devices. Today, in order to
provi de hi gh performance conputer §y§téns. it is advantageous to operate
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the conputer Systemat a | ower guehc y erther system board

t echnol ogy medstepich@iket §gteAR| 0gy constraints. A significant problemin such
conputer systens is transferring data between the various conponents that
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asynchronous data transfer rrechgpni sm Asyn%’:hronou's? dat aﬁjt{ransfelr-cqr‘*rl%%cﬁani sns

are capabl of die qneputatispgera®usy dh eudhad corhpasdysem) ¢inchéncd USE ARSI T abl e
for use with m croprocessors. Asynchronous transfer nechani snms have an
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accuracy of data transfer. Typically, asynchronous transfer nechanisns are
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in data transfer |atency.
the higher frequency clock. Therefore, the data transfer edge of the lower frequency
clock (and/or corresponding data transfer edges of the higher frequency clock) can be
used to cause data transfer. However, integer multiple frequency designs only take
advantage of quantum-leap improvements in silicon technology. For example, if
s_ySte'm board technology is limfted to 50 MHz operation then microprocessors
operating at 100, 150, 200, . . . MHz can be used in an integer multiple design.
Suppose that currently available silicon technology provides microprocessors capable of
operating at 120 MHz. The additional 20% performance beyond 100 MHz is not
utilized in an integer multiple design. It would be advantagebus to provide a
microproéessor design capable of operating at more flexible frequenéy ratios to the
system bus while also providing synchronous data transfer between the microprocessor
and other devices on the computer sfstem bus. In' general, it would be advantageous to
provide synchronous data transfer between a variety of digital logic and memory
devices that operate according to. ﬂexible.operétion'al frequency ratios. The present
invention provides these advantageous results.

| Therefore, a system, method, and apparatus for syﬁchronous data transmission

between digitai devices operating at frequencies having a P/Q integer ratio relationship

is needed.



Synchronous designs in mcroprocessors are advantageous over asynchronous
designs for several reasons. First, mcroprocessor design validation tools
are optim zed for debuggi ng synchronous | ogic designs. Using synchronous
dési gn techni ques nmakes m croprocessor design and validation nuch easier
and nore reliable. Second, synchronous designs are mandated in fault

tol erant conputer systens that use a master-checker schene. In a
mast er - checker systema first processdr - the master, operates | ock-stepped
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computer system. The apparatus provides synchronous data transmission between high

frequency and low frequency devices having the following frequency rzlationship:
| low frequency = (P/Q) X high frequency;
Qhere P and Q represent iriteger values and P is less tha_n Q. The apparatus generates -
' data transfer signals that qualify safe data transmission times, or windows, for
synchronously transmitti.hg data between the high and low frequency domains. In one |
mode, a safe data transmission window is when the transfer—data is stable and the
receiviné device can receive (i.e., is ready to receive) the data.

The present invention apparatus is advantageously used with a high frequency
device which operates according to a. high frequéncy clock and also with a low '
frequency device which operates according to a low frequency clock. The low
frequency clock is éubstantially P/Q times the frequency of the high frequency clock,
where P and Q are integer values.

In one embddiment, the present invention apparatus includes: a means for
indicating a predetermined phase relationship of the high and low frequency clocks; a
means, responsive to the indicating means and the high freq_uency clocl_:, for generating
a first transfer signal during safe transfer windows according to the values of P and Q
and the predetermined phase relationship; and a means, responsive to the first transfer
signal, for enabling synchronous tr'ansfef of data from one of the high and low
frequency devices to the other.

In one mode, a safe transfer window is at least one period of the high frequency
clock when the data to be transferred is stable and the device receiving the data is .

cabable of receiving the data. In one mode, the predetermined phase relationship is a



bet ween conponents operating at different frequencies is facilitated by the
fact that a data transfer edge of the | ower frequency clock corresponds to
a data transfer edge of the higher frequency clock. Therefore, the data

t ransfer edge of the |ower frequency clock (and/or corresponding data
transfer edges of the higher frequency clock) can be used to cause data
transfer. However, integer nultiple frequency designs only take advantage
of quantumleap inprovenments in silicop fechnol ogy. For exanple, if system
board technology is limted to 50 Miz operation then m croprocessors

oper at i ng atsubsc@tiallysenincident edge of thehighead 1w fregpendyrclocksi nineapemande| Piipl e
desi gn. Suppose that currently available silicon technol ogy provides

nmi cr opr oces dess thagApawd Q ismobpeintagenaulliplel oP.MHz. The additional 20%

per f oriance beyond 100 MHz is not utilized in an integer multiple design.
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processor executing an algorithm. In another mode, the P and Q selector means
comprises a state machine executing an algorithm. |

In a particular implementation of the present invention, the first transfer signal. _
generator means includes: a cbunter means 1or generating a count value in response to
the high frequency clock and resetting the count value to a predetermined count value
in response to thé indicator meahs; and a decoder means, coupled to the counter means,
for decoding the count value and the values of P and Q and generating the first transfer
signal according to predetermined combinations of P and Q and the count value.

In another embodiment, the present invention includes a P/Q clock generator
means for ge_nerating one or both of the high. and low frequency clocks according to the
values of P and Q. In one mode, the P/Q clock generator means is responsive to the
high frequency clock to generate the low frequency clock_aécording to the values of P
and Q. In another mode, the P/Q clock generator means is responsive to the low
frequency clock to generate the high frequency clock according to the values of P and
Q.

In a particular implementation, the P/Q clock generator meaﬁs includes: a
freduency divider means, responsi\./e to the low frequency clock, for .generating a
second signal having a frequency substantially equal to (low frequency clock)/P; an& a
phase-locked loop, responsive to the second signal, for generating the high frequency

clock substantially Q/P times the frequency of the low frequency clock.



Therefore, a system nethod, and apparatus for synchronous data

transm ssion between digital devices operating at frequencies having a P/ Q
integer ratio relationship is needed. -4- [err] The present invention
covers a method and apparatus for providing synchronous data transm ssion
bet ween devi ces operating at frequencies having a PQ integer ratio

rel ati onship, and inplenentations of the apparatus in a m croprocessor and
in a conputer system The apparatus- jg avi des synchronous data transm ssion
bet ween high fre freq devi ces having the follow ng
frequency BRIEE BE

2Y) X high frequency; where P and

Q represent i nt e vi u.e and.' sle than_ Q. The apparatus.geperates
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elements and in which:

Figure 1 is a block diagram of one embodiment of the present invention
apparatus; |

Figure 1A is a block diagram of a P/Q selector comprising programmable pins.

Figure 1B is a block diagram of a P/Q selector co_mprising a programrﬁable
register. |

Figure 1Cisa bloék diagram of a P/Q selector comprising a state machine.

Figure 1D illustrates an algorithm for selecting P/Q. |

Figure 2 illustrates one mode of the low-to-high data transfer signal,
L-->H_en, signal generated by the interface controller; -

Figure 3 illustrates one mode of the high-to-low data transfer signal,
H-->L_en, signal generated by the interface controller;

Figure 4 is a block diagram of an embodiment of the present invention
apparatus in the proéessor of a ‘computer system;

Figure 5 is a set of waveforms illustrating one mode of operation of the
embodiment of Figure 4 in transferring data froxﬁ the system bus to the processor;

Figure 6 is a set of waveforms 'ilIustrating one mode of operation of the
embodiment of Figure 4 in transferring data from the processor to the system bus;

Figure 7 is a block diagram of .one embodiment of the P/Q clock generator;

Figure 8 is a block diagram of one embodiment of the interface controller; -

Figures 8A-8H illustrate waveforms of the sample_en and drive_en signals
generated by the interface controller, in one mode, for P=4 and Q=4-15, respectiQely;

Figure 9 is a set of waveforms illustrating one mode of the Sync signal;



mode, a safe data transm ssion window is when the transfer data is stable
and the receiving device can receive (i.e., is ready to receive) the data.
The present invention apparatus is advantageously used with a high
frequency device which operates according to a high frequency cl ock and
atlso with a | ow frequency devi ce which operates according to a | ow
frequency cl ock. The | ow frequency clock is substantially P/Qtines the
frequency of the high frequency clock, where P and Q are integer values. In
one enbodi nent, the present invention apparatus includes: a neans for .
indicating a pre ' [ [ | ow. f pequency
cl ocks; a neans, dﬁgg%oquﬁ \g%tp{lgssﬁéﬁt}%%%gﬁ?ﬁ% ﬁ%ﬁ%@?&%&gsﬂggﬁﬁ%s s uency

cl ock, for gﬁ{&ﬁgﬂ%ﬁggxadfaiJoégpgrﬁﬁgggﬁglﬁrarﬁn'gnal during safe transfer w ndows

according t ues of ant e predeterm ned phase
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enabl i ng synchronols transfer o ata fromone o . .
frequency deyifferihddith Dedddfdevicss SHepariR e differSitifRequemiied er Wi ndow is at

| east one period of the high frequency cfock when the data to be :
transferred is stable and the device receiving the data is capable of -
receiving the data. In one node, the predeterm ned phase relationship is a



-5- substantially coincident edge of the high and | ow frequency clocks. In
one nmode, P is less than Qand Qis not an integer multiple of P. In

anot her enbodi nent, the present invention includes a neans for selecting
the values of P and Q In one node, the- P and Q sel ector neans conprises
programuabl e pins of the apparatus. In another node, the P and Q sel ector
means conprises a register of the ap@aratus. I n anot her node, the P and Q

sel ector neans conprises a processor “eXxecuting an algorithm In another

node, the RHERPATCEPHESCRIPTION OFETHE PRESENT INVENPION Ne executing an
algorithm Tn a particular iInplementation of the present invention, the

first transfer sigpaémoRoRo@iad appaats ifacgmdﬁﬁﬁ SyriRBEHRbEY dAIE BASsmiNion
generating a count value in response to the high frequency cl ock and

resetting theewesnudeviceabpeeating a&fﬂéﬁﬁiﬁk@hﬂiﬁ?d R/Quitteget kil reltibAsHAPRSE tO the
i ndi cator nmeans; and a decoder neans, coupled to the counter neans, for
decodi ng t hieseribedt Imaheifollawihgtdescripsione aumérolls apetif@ dewilsosmolassigng t he first

transter names, input or output signal types, device frequencies, clock frequencies, bus
frequencies, and P/Q frequency ratios are set forth in order to providé a thorough
understanding of the present invention. It will be apparent, however, to one skilled in
the art that the present invention may be praciiced without these specific details. In
other instances, well-known methods and circuits are shown in block diagram form in
order not to obscure the present invention. It is understood that the present invention
may be comprised of transistor“circuits that are readily manufacturable using well-
known CMOS (complementary metal-oxide semiconductor) technology, or other
equivalent semiconduétor manufacturing processes. In addition, the present invention
may be implemented with other manufacturing processes for making digital devices.
While in the following discussion the present invention is presented with respect
to implementation in a micrdprocessor, the pre_sent invention is not limited to that
implementation. Implementatibns for synchronous data transfer bétween various digital
devices such as discrete logic devices, memory devices, devices either on the same or
separate chips, communications devices, etc., are within the scope and spirit of the
present invention. |
Figure 1 is a block diagram of one embodizﬁent of the present invention
apparatus. The present invention applies generally to digital devices that synchronously
exchange d;ata and operate at .frequencies having a P/Q integer ratio felatiomhip.
-Devices in a high frequency domain are clocked by a high frequency cloék and deyfces
in a low frequency domain are clocked by a low fret;uency clock having a frequency
that is P/Q timés the frequency of the high ffequency clock, where P and Q are integer

values. In this émbodiment P is less than Q to provide the higher/lower frequency



signal according to predeterm ned conbinations of P and Q and the count
val ue. I n another enbodi nent, the present invention includes a P/ Q clock
generator neans for generating one or both of the high and | ow frequency
cl ocks according to the values of P and Q In one node, the P/Q cl ock
generator nmeans is responsive to the high frequency clock to generate the
| ow frequency cl ock according to the values of P and Q In another node,
the P/ Q clock generator neans is responsive to the | ow frequency clock to

R A e R R TR R S e
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frequency ofe BEclasdrkRBiNchil@iie low feGidaky clock, LFclk, as an input and

generatés the high frequency clock, HFclk. In this mode, the P/Q clock generator 10

may be a phase-locked loop. In another mode the P/Q clock generator 10 receives the

high frequéncy clock and generates the low frequency clock. In yet anot_her mode, the

P/Q clock generator 10 generates both the high and low frequency clocks. The high

and low clock frequencies have a P/Q integer ratio relationship that is determined by

the two values P and Q as defined by equaticn 1:
(EQ. 1) Low Frequency = (P/Q) X High Frequency;

where P < Q, and P and Q represent integer values.
The values of P and Q can be programmed, set, or selected ina variety of

ways. For example, Figure 1A illustrates a P/Q selector for selecting the values of P
and Q 'comprising programmable pins 126. Figure 1B illustrates a P/Q selector
comprising a P register and a Q register. Figure 1C illustrates a P and Q selection state
machine 140 for selecting the values of P and Q. Figure 1D illustrates an algorithm for
selecting the values of P and Q. This algorithm can be executed by a processor or a
state machine. fOr example, a processor may power on with default P and Q values to
operate at its highest possible frequency and iteratively select P and Q values for
optimal operation with the system bus. |

| Refer again to Figure 1. A sync generator 11 generates a Sync signal that
indicates a predetermined phasé relationship of the high and low frequency clocks. In
one mode, the sync generator 11 is a phase detector circuit that receives the high and

low frequency clocks and generates the Sync signal when the predetermined phase



TFhe present invention is illustrated by way of exanple and not limtation
in the figures of the acconpanying draw ngs, in which |ike references
indicate simlar elenments and in which: Figure | is a block diagram of one
enbodi ment of the present invention apparatus; Figure 1A is a bl ock diagram
of a P/ Q selector conprising programmble pins. Figure 1B is a bl ock

di agram of a P/-Q sel ector conprising  Pr ogrammabl e register. Figure 1Cis
a bl ock diagramof a P/ Q selector conprising a state machine. Figure 1D
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data transfer signal, -> L en, signal generate _ ace
contr ol | er theFhighifrequent claclo btk befordl Estitignt irRreuRed HEME tf?él}:ﬁrﬁielow esent

I nvention apparatus in the processor of a conputer system- Figure 5is a

set of wavéfequereyicldckst Inpdriengody) eheTSAR HfnadReFedbidd B ehdtoccurrence of the
predetermined phase relationship. In another mode, the Sync signal fs generatéd only
upon a first occurrence of the predetermined phase relationship. In one mode the |
predetermined phase relationship. is a coincident edge of the high and low frequency
clocks. In other modes, the Sync signal indicates other coincident edges or phase |
relationships of the high and low frequency clocks and is as’serted at other times to so
indicate.

A high frequency device 16 operates responsive to the high frequency clock and
exchanges data with other devices via its data input and data output terminals.(DataIN
and DataOUT, respectively). A low frequency device 18 operates responsive to the
low frequency clock and also exchanges data via its own data input and data dutput
terminals (also DataIN and DataOUT, respectively). The data input and output
terminals of the high and low frequency devices ére coupled to a data quaii_fier 14. In
one mode, the high and low frequency devices are combinational logic devices. In
another mode, the high and low\frequency devices are discrete logic devices. In
another mode, the high an_d low frequency devices are processors. In another mode,
the high and low frequency devices are different functional blocks of a microprocessor,
such as a'CPU and a cache memory or a CPU and a floating point unit. In another
mode, the high and low frequency deviqes are 2 CPU and a cache inemory on separate
chips. In yet another mode, the high frequency device is a processor a.nd.the low
frequency device is a peripheral device and system bus of a computer system.

The data qualifier 14 couples the input and output terminals of the high
frequency device to the output and input terminals, respectively, of the low frequency

device and enables transfer of data between the high and low frequency devices. The



enbodi mrent of Figure 4 in transferring data fromthe systembus to the
processor; Figure 6 is a set of waveforns illustrating one node of
operation of the enbodi nent of Figure 4 in transferring data fromthe
processor to the systembus; Figure 7 is a block diagram of one enbodi nent
of the P/Q clock generator; Figure 8 is a block diagram of one enbodi nent
of the interface controller; Figures &A&SH I1lustrate waveforns of the
sanpl e-en and drive en signals genera éd'by the interface controller, in
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low-to-high data transfer signal, L-->H_en. The H-->L_en and L-->H_en data
transfer signals are coupled to the enl and en2 inputs, respectively, of the data qualifier
14. In one mode, the data qualifier 14 comprises transfer gates for transferring data in
response to the data transfer signals. In another mode, the data qualifier 14 comprises
logic gates, such as AND gates, for qualifying transfer data with the data transfer
signals. In another mode, thé data qualifier 14'comp.rises latches that latch input and
output data in response to the data transfer signals. In yet another mode, the data
qualifier 14 comprises latches that are enabled by the data transfer signals and
responsive to one of the clocks. |
An imerface controller 12 mceives the P and Q values, the high frequency clock
and the Sync signal and, responsive to these inputs, generafes the H-->L en and
L-> H-_en data transfer signals for enabling synchronous data transfers from the high
to low and from the low to high frequency domains, respectively. In one mode, the
interface controller is a state machine. In another mode, the interface controller is a
processor. In yet another mode, the interface controiler is combinational logic. When
active, the data transfer signals iﬁdicate safe data transmission times, or windows, for
: synchionously transferring data between the high and low frequency devices. In one
mode, a safe data transmission time is when th;e data in the sending frequency domain
is knan to be stable and when the receiviﬁg device in the reqeiving frequency domaiﬂ
can receive the data.
Figure 2 illustrates one mode of the L-->H_en signal generated by the interface
controller 12 of Figure 1. In this mode, the L-->H_en signal is active during selected
high frequency clock cycles during which there is no rising edge (i.e., data changing

edge) of the low frequency clock. Data in the low frequency domain changes



-8- [err] A system nethod, and apparatus for providing synchronous data
transm ssi on between devices operating at frequencies having a P/ Q integer
ratio relationship is described. In the foll ow ng description, numerous
specific details such as signal nanes, input or output signal types, device
‘frequenci es, clock frequencies, bus frequencies, and P/Q frequency ratios
are set forth in order to provi'de a thorough understanding of the present
invention. It will be apparent, howevuer, to one skilled in the art that the-
present invention nay be practiced “without these specific details. In other

| nst ances, respbisivertowrsingeedgesisf thedowiftequéricy ciock. Slio @afe t BAMBEE dtagb@M form
I n order not to obscure the present invention. It is understood that the,

present i nuniodn highy/fremencygonsiadiuoing activesis b _en tecamiseshd oad frag@encgadi | y
manuf act urabl e usi ng wel | - known CMOS (conpl ementary netal - oxi de

seni conducempindagnis stalpyduring thatrperiod gfitimel andtths bighderqiientyodevigeruahact ur | ng
processes. In, addition, .the present invention may be inplenented with other

manuf act ur irergivs i eala é%rlﬁg)glahﬁlghrf@%ﬁyib’tcéﬂcmbwec dlg. another mode, the low

frequency domain data changes responsive to falling edges of the low frequency clock
and the L-->H_en signal is active during selected high frequency clock cycles during .
which there is no falling edge of the low frequency clock. In anotherl mode, the
L-->H_en signal is active during selected high frequéncy clock cycles during which
there is no data changing edge of the low frequency clock. In one mode, the transfer
of data is also qualified by a read or write signal. |
Figure 3 illustrates one mode of the H--> L _en signal generated by the interface
controller 12 of Figure 1. In this mode, the H~->L_en signal is active during the high
frequency clock cycle immediately prior to a rising edge (i.e., a data receiving edge) of
the low frequency clock. Data to be transferred by the high frequency device is
latched., in response to the H-->L_en signal, for subsequent transfer to the low
frequency device. The data is then latched or received by the low .frequency device on
the next rising edge of the low frequency clock. In one mode, the transfer of data is
also qualified by a read or write signal. In another mode, the H-->L en data transfer
signal may also be active for more than one h_lgh frequency clock cycles immediately
prior 1o a receiving edge of the low frequency clock. This mode allows extra time for
data from the high frequency domain to étabilize before being‘ received by the low
frequency'device. In anothér mode, the H-->L_en data transfer signal may be active
during a data receiving edge of the low frequency clock. In yet another mode the
receiving edge of the low frequency clock is a falling edge. In another mode, the
H-->L _en signal may be active-during high frequency clock cycles during which there

are no data changing or data receiving edges of the low frequency clock.



VWhile in the foll ow ng discussion the present invention is presented with
respect to.inplenmentation in a mcroprocessor, the present invention is not
limted to that inplenmentation. |Inplenentations for synchronous data
transfer between various digital devices such as discrete |ogic devices,
menory devi ces, devices either on the sane or separate chips,
conmmuni cations devices, etc., are wwthfm the scope and spirit of the
present invention. Figure 1 is a block diagram of one enbodi nent of the
present invent i drigurssais athlack dingragy el particHatcimplerpeniggian efsthe errsentl |y to
~digital devices, that synchronously Sx%hange data and_operate at frequencies
havi ng a P/XQVW@&QBP“P%E ih3 PEPCAESOE RS0 3 COMPYIEE S¥ste. J Nt GAbIdimgDedsy domai n

e ol ockemiated bR L ERARRal SARENAT g Satobe g SReREd RO ¢ | e |
the f f the hi f I , P.and I nt
var ues: 1 BREPTRSARORT HENTORPTES Gar SRR 4o frBiRbert Beh ey Ahuer

frequency -

transfer signals of Figure 1 are here described as sample_en and drive_en signals to
reflect the processor functions of s_ampling and driving data on its IO pads. The
processor 50 is coupled to a system bus 56 to communicate with external devices
represented by an external device 54. The external device 54 opéra:tes‘ responsive to a
bus clock that may be part of the system bus 56. In one .mode, the bus clock is |
generated by the processor 50. In another mode the bus clock is generated externally
and input to the processor 50. |

o The processor 50 includes a P/Q synchronous transfer device 48 for providing
synchronous data transfer between a high frequency processor core 34 and the external
device 54 via system bus 56. The P/Q synchroxious transfer device includes system bus
interface logic 52. In another embodiment, the; system bus interface logic 52 is part of
 the external device 54. In yet another embodiment, the system bus interface logic 52 is
part of a separate device external to the processor 50. The system bus interface logic
52 operates responsive to a de-skewed low frequent:y bus clock. The.hi'gh frequency
processor core 34 operates responsive to a high frequency core clock. The de-skewed
bus clock has the same frequency as the bus clock and has the same phase as the core
clock. The freqﬁency relationship of the bus and core clocks is the integer ratio
relationship defined below in EQ. 2. The de-skewed bus clock allows simpler logic
design. In anothei' embodiment, the bus clock is used in place of the de-skewed bus
clock. |

The processor 50 includes a P/Q clock generator 30 that receives a P value and

a Q value and generates one or more clocks and a Sync signal. In one mbde, the P/Q

clock generator 10 receives a bus clock as an input and generates a core clock. In this



rel ati onship. A P/ Q synchronous transfer device 7 provides for synchronous
data transfer between the high and | ow frequency devices. A P/Q clock
generator 10 generates one or nore of the clocks. In one node, the P/ Q

cl ock génerator 10 receives the | ow frequency clock, LFclk, as an input and
generates the high frequency clock, HFclk. In this node, the P/ Q cl ock
generator 10 nmay be a phase-Ilocked | oop. In another node the P/ Q cl ock
generator 10 receives the high frequenay <l ock and generates the | ow
frequency clock. In yet another node, the P/ Q clock generator 10 generates
both the hi§Rdadbe PHdclack geaeratpr 30aedydhe arphastrlogkechingpl oim anothek niadeqhenci es
have a P/ Q i pteger ratio | ationship that is determ ned by the two val ues
P and Q as %F[ gW’@&Dé&F@fﬁ“’f? therore clgck and gegorapasghednegloek.( M @t X Hi gh
Frequency; where P < O ahd P and represent integer values. The val ues of
P and Q canarﬁﬁeﬁweam,& lagk geperaten Wogeaerates b&%&ﬂibé*ﬁ;anéﬂomeckwdn

exanple, Fiqure 1Al trates a P/ Q. sel ector .for selecting the values of P
and Qt.' conpr HH%‘_}% rdb"gt’éﬁrﬁ&ﬁ_k@eﬁ?fﬁ?’ g%‘?n%‘giﬁ @’;‘i@“qu! %tql%ﬁ%ectbaldllas/t? t |
sel ector co | [ r.and a O re r. Figure illustrates a
P and Q sel %ﬁc}h pg'f %Eég%sg‘hg cﬂﬁ%ﬂ&r{g irh%“ef%?dgs QF?E@ ﬁﬁdﬁ ﬁgﬁﬁ%fp[lé% eRerHenad Q
Figure 1D 1] UStRahas ciidk 34 Phd tHawhe bhase as the bus clock. The frequencies of the

core and bus clocks have an integer ratio relationship, P/Q, that is determined by the

two values P and Q as defined by equation 2:

(EQ. 2) Bus Clocl; Frequency = (P/Q) X Core Clock Frequency;

where P and Q represent integer values of the integer ratio P/Q. In one mode, P is less
. than Q such that the bus clock frequency is lower than tﬁe core clock frequency. In
another mode, P is greater than Q such that the bus clock frequency is higher than the
core clock frequency. The values of P and Q may be set in a variety of ways (see
Figure 1A-1D). In one mode, the P and Q values are set by pins of the processor 50.
In another mode, the P and Q values are set by writing values to a register of the
processor 50. In yet another mode, P and Q are set by an algorithm. For example,
processor S0 may power on with default P and Q values to operate at its highest
possible core and iteratively select P and Q values for optimal operation with the
system bus. Such an algorithm can be implemented in a software routine executed by
the processor, in the system BIOS, or by hardware state machine of the processor.
| The Sync signal indicates a predetermined phase relationship of the clocks. In
one moce, the Sync signal indicates substantially coincident rising edges of the core
and bus clocks. In another mode, the Sync signal indicates substantially coincident
rising edges of the core and de-skewed bus clocks. In other modes, the Sync signal

indicates other p}'edetennined phase relationships between the clocks. The Sync signal



sel ecting the values of P and Q This algorithmcan be executed by a
processor or a state machi ne. For exanple, a processor nmay power on wth
default P and Q values to operate at its highest possible frequency and
rteratively select P and Q values for optinmal operation with the system
bus. Refer again to Figure 1. A sync generator 11 generates a Sync.si-gnal
that indicates a predeterm ned phase rel ationship of the high and | ow
frequency clocks. In one node, the syl generator 11 is a phase detector

Snelt ! ghopin Rl (Re picliehinfily fhifie PMICHRAHANGYOR! R3S, ANGuOREAL b0 the

- Sync signa en the predeterm ase tions

detected. THaR-aR/Efinciddi digesate HEncAsHRl {s9dseded WiringUBe EorfRIodkQybRdi cate the
predeternined phase relationship. I'n one node, the Sync signal I's asserted
during t hejfingliafelyeprieiecoticielit daes tianBRic @G L6l the icHRdlo¢k Sdd'@e€dges of the
hi gh and | ow frequency clocks. In one node, the Sync signal is generated
for each odeskevasicirisalodkhelnwne desder therSydc slansleis geherhied Tohedeh deburdéiet Ber
node, the Sync signal is generated only

the predetermined phase relationship. In another mode, the Sync signal is generated

only upon a first occurrence of the predetermined phase relationship. In other modes,
the Syhé signal indicates other coincident edges of the clocks and is asserted at other
times to so indicaté.

The processor 50 also includes an interface controller 32. The interface
controller 32 receives the P and Q values, the core clock, and the Sync signal and,
res;ﬁonsive to these inputs, gem;,rates two data transfer signals, sample_en and drive_en,
that respectively enable input and output data transfers of the processor 50. In one
modé, the interface controller is a state machine. In another mode, the interface
controller is a processor. In yet another mode, the interface controller is combinational
logic. When active, the data transfer signals indicate safe data transmission times, or
windows, for the processor 50 to synchronously sample or drive data on its input 46 or
output 44 pads, respectively. In another mode, a single I/O pad may be used in place
of the separate input and output pads. For data input purposes, safe data transmission _
times are when input data is stable and the lafch 42 can receive the data. For data
output purposes, safe data transmission tirnes.are when output data is stable and the
latch 38 is ready to receive the data.

The processor SO includes a processor core 34 that operates responsive to the
core clock to process data and instructions and synchronbusly exchange data with the
external device 54 via the system bus 56. A set of latches 36, 38, 40 and 42, are
coupled between the processor core 34 and the system bus 56 to facilitate synchronous
data exchange between the processor cofe 34 and the external device 54. Latch 36 is

coupled to receive data from a data output terminal, DataOUT, of the processor core



upon a first occurrence of the predeterm ned phase relationship. In one
node the predeterm ned phase relationship is a coincident edge of the
and | ow frequency clocks. In other nodes, the Sync signal indicates other
coi nci dent edges or phase rel ationships of the high and | ow frequency
clocks and is asserted at other tines to so indicate. A high frequency
devi ce 16 operates responsive to the high frequency clock and exchanges
data with other devices via its dat-alinput and data output terminals
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and | ow frequency devices are conbi national logic d I er’

eVl ces. n anot

hi gh

ts own

hi gh

node,
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the high and | ow frequency devices are processors. |In anoth

the high arlach38: f Astpokrinputadlitce3ds i mugletifie tende-fkewedi e alock! dalmeof a

m cr opr ocessor,

such as a CPU and a cache nenory or a CPU and a floating

poi nt uni t .mede, dath Heis anedge-triggerdd lgtchaespohsive for the urisimy/ edbewifahs dasieewrdCPU
and a cache nenory on separate

bus clock. In another mode, latch 38 is a transparent D-latch. The output of latch 38
is coupled to the output pad 44. In another mode, a de-skewed bus clock is not
generated and the clock input of latch 38 is coupled to the bus clock.

Latch 40 is coupled to receive data from the input pad 46. A clock input of
latch 40 is coupled to the de-skewed bus clo.ck. In one mode, latch 40 is an edge-
triggered D-latch responsive to the rising edge of the de-skewed bus clock. In another
mode, the latch _40 isa transpairent' D-latch. In another mode, a de-skewed bus ciock is
not generated and the clock input of latch 40 is coupled to the bus clock. Latch 42 is
coupled to receive the output of latch 40. Enable and clock inputs of latch 42 are
coupled to the sample_en and core clock signals, respectively. In one mode, latch 42 is
a u'ansparent_D-latch that is transparent during the high péridd of the core clock if the
enable input is active. In another mode, latch 42 is an edge-tr?ggered D-iatch. The
output of latch 42 is coupled to a data input terminal, Dataln, of the processor core 34.

Figure 5 is a set of wavéforms illustrating one mode of operation of the
processor 50 of Figure 4 in inputting data from the system bus 56 to the processor core
34. During T1, the Sync signal is high to indicate that the next rising edge of the
de-skewed bus clock (or bus clock) corresponds to a rising edge of the core clock.
D!_Jring T2, T3, and T4 the external device 54 drives input data on the system bus 56.
During T4, in response to the rising edge of the de-skewed bus clock, latch 46 latches
the input data. During TS, the sample_en signal is active indicating that it is safe to

latch input data (i.e., the input data is stable). In response to the active sample en



chips. In yet another node, the high frequency device is a processor and
the | ow frequency device is a peripheral device and system bus of a
conmputer system The data qualifier 14 couples the input and out put

term nals of the high frequency device to the output and input termnals,
respectively, of the |ow frequency device and enables transfer of data
bet ween the high and | ow frequency devjces. The data qualifier 14
enabl es the transfer of data from thel igh frequency device to the | ow

fr equency deyiGhq il Hig BARSPof e Boll Al arkP 2 BALRRS AR ark EQARlrcrl™ - >

Len, and fr equency device to the high frequency device'in

_response t ,a’l'lhe%tg@r&i Iﬁi&hdlétigpl'dﬁﬂbiif t%rmémggﬁkl1ter'niihal>%ﬁh@2foc§%§r g!;]ﬁf 33 L en

and L-- > en data transfer ghals are co ed tothe e I hput s,

respectively, ofighfees thod st @B Mavéfolrhs ilﬂlstrﬁtﬂlcg%h% RB&Cof bl 6f sial i fier 14

conprises transfér gates for transferring data in response to the data

transfer s'ﬂﬁedsspsd@flai@@wwtnmﬁ@nmyasmcf%mﬁw obéss@rf coké 3aQ8 Rl $y8@nl 09i C
gates, such as AND gates, for qualifying transfer data with the data

transfer sbh@n$d for usrbp it dxeernaitdboicetide Diating TuathefSyac siphalioMigh wdadicaeches
that latch input and : : _
that the next rising edge of the de-skewed bus clock (or bus clock) corresponds to a
rising edge of the core clock. During T3, drive_en is active indicating a safe time to
latch output data for subsequent transfer to the output pagl 44. During T3, in response
to the active drive_en signal and the low period of the lcore clock, latch 36 latches
output data from the processor core's DﬁtaOUT terminal. Latch 36 drives the latched
data on its output terminal as input to—latch 38. During T4, in response to the rising
edge of the bus clock, latch 38 latches and drives the output data to the system bus 56
for usé by tﬁe external device 54.
Figure 7 is a block diagram of one embodiment of the P/Q Clock Generator.

The P/Q clock geperator 70 comprises a divide-by-P frequency divider 60 and a
frequency multiplying phase-locked loop that includes bIoélt.: 62, 64, 66, and 68. The

- divide-by-P frequency divider 60 receives the value of P and the bus clock and
generates an output signal that has a frequency of (bus clock)/P. In one mode, the
divide-by;P'frequency divider is a programmable counter. In another mode, the
divide-by-P frequency divider is a master-slave divider circuit. -A phase-frequency

- detector 62 -receives the (bus clock)/P signal and a (core clock)/Q output from a divide-

| by-Q block 68 and generates a phase error signal and a Sync signal. The phase error
signal indicates whether there is a phase or frequency difference between the two input
signals. In one mode, the Sync signal indic%;teé coincident rising edges of the two input
signals. In other modes, the Sync signal indicates other predetermined phase
relationships of the two input signals. A low pass filter 64 receives the phase 'error_

signal and generates a control voltage signal. The control voltage signal drives a



output data in response to the data transfer signals. In yet another node,
the data qualifier 14 conprises |atches that are enabled by the data
transfer signals and responsive to one of the clocks. An interface
controller 12 receives the P and Q val ues, the high frequency clock and the
Sync signal and, responsive to these inputs, generates the H- > L en and
L-- > Hen data transfer signals for Babl I ng synchronous data transfers
fromthe high to low and fromthe | owto high frequency domains,

respecti Veg)ﬁta%er}:oﬁﬂgﬂ illatdi%s4. ”frﬁ'eggtﬁ'ﬁe tPthk 'cBhérSY vdig é, the %ft‘ac@aéh' ne. |n

anot her he 1 ntertace contro I'S a processor. -I'n yet another node,

the interf t
transfer sromzARAAlIAGE 66 gendiiss B bLAALIOR Sahal (TURE R Whose Aenfey’

synchronougd detérhﬁﬂ&if%’ﬂxb R@ngal volRgt WDR vahe ofiQy bn@ﬂfé doea\trbaemem\vedo@“ ces.
In one node, a safe data transmssion tine is when the data in the. sénding

frequency doiwide-byx keQuehcy divigersdgwhieh gefleritas the! (a6rer 26€k)iQ Bignale\ih@@ei N t he

recei ving frequency donain can receive the data. Figure 2 illustrates one

nmode of t hendde; thetdivide-bi-dp flequaneg divider iown grogramniabld covmterorlh nadther made, of
Figure 1. In this node, the.L-- > H en signal is active during sel ect ed

hi gh fr equalecgividesbykQ dsequescydiividagisvihmastert-$iamveadivilencireuis i The adige of ithee. ,
data Changlprt]lgse-locked loop is to adjust the frequency of the voltage controlled oscillator 66 such _
that the (core clock)/Q feedback signal has the same pha;e and frequency as the (bus
clock)/P signal. Therefore, the frequency of the core clock signal is Q/P times the
frequency of the bus clock signal. Or, alternatively, the frequency of the bus clock is
P/Q times the freqtiency of the" core ciock. In one mode, P is smaller than Q such that
the bus clock frequency is lower than the core clock frequency. |
Figure 8 is a block diagram of one embodiment of the interface controller. The
interface controller 72 includes a counter 76 having a four-bit counter register 74 that is
incremented by the core clock and reset by the Sync signal. In one mode, the counter
76 is implemented witﬁ combinational logic. A decoder 74 receives the counter
register value and the P and Q values as inputs and decodes them to generate the
sample_en and drive_en data transfer signals. In one mode, the decoder is
implemented with combinational logic. In another mode, the decoder is a processor.
In another mode, the decoder is a state machine.
The P and Q integer values can be encoded in various ways. For exarhple, in

one mode the interface controller uses the P and Q encodings defined in Table 1.



‘edge) of the |low frequency clock. Data in the | ow frequency domai n changes
- 12 - responsive to rising edges of the |low frequency clock. It is safe to
transfer data fromthe Iow to high frequency domain during active L-- > Hen
because the | ow frequency domain data is stable during that period of tine
.and the high frequency device can rec bve the data during that high
frequency cl ock cycle. In another fhe | ow frequency domai n data
changes responS|ve to falling edges of ﬂ@#:wvfrequency clock and the L--
> H en signal is active during select E frequency cl ock cycl es during
which there is no f &l gk G 6k Bmn i 80  anot her node,

the L-- > H en signall_is_afuteger ¥aleng sel ect ﬁnﬂ@LIEM' lency clock cycles
during which there i 4 no dat apchangi ng edge of the pow frequepcy clock. In
one node, the transf of aatp J_s4 arso qu; TTTed byya read or wite signal.
Figure 3 illustrates jorre—trote: fre—H- >—t—en—st 81 gere+af{ ed by the
I nterface controller | l_ln this npde en signal is
active during the hi =9 001

Q=10 : - 010

Q=11 011

Q=12 100

Q=13 101

Q=14 110

Q=15 . 111

In one mode, the interface controller generates the sample_en and drive_en outputs for

P and Q encodings of [P=4, Q=8] and [P=4, Q=9] as shown in Table 2

Table 2

P Q Counter sample en drive en
1 | 000 0000 1 0
1 | 000 0001 0 1
1 | 001 0001 0 1
1 | 001 0010 .0 0
1 | 001 0011 1 1
1 | 001 0000 1 0

1 | 001 0100 0 0
1 001 | 0101 1 1
1 | 001 0110 0 0
1 001 0111 1 0
1 | 001 1000 0 1

Figures 8A-8H illustrate waveforms of the sample_en and drive_en signals, as
genérated by the interface controller, in one mode, for [P=4, Q=4] (Figure 8A)
through [P=4, Q=15] (Figure 8H).



frequency clock cycle immediately prior to a rising edge (i.e., a data
recei ving edge) of the |Iow frequency clock. Data to be transferred by the

hi gh frequency device is latched, in response to the H- > L en signal, for-
subsequent transfer to the | ow frequency device. The data is then | atched

or received by the | ow frequency device on the next rising edge of the | ow
frequency clock. In one node, the transfer of data is also qualified by a

read or wite signal. In another node20ttre H- > L en data transfer signal
may al so be actipigyt o'iliRtfed HR'MBAE oG Syhé SiFHAYeYelted )
I redi ately pri org'%ro al rece?w ng edgg g‘? ty&eagow r%queﬁ?y&lgﬁiogilo%i S node

‘al | ows ext rg’énéﬂaiﬂi., IR thislAicde! EHRMBYNBQidNADR abdePBd TR M 1R (%Qshtl pilize
bef ore being received by the | ow frequency device. |In another de, the H -

> L en dat Frdquefsf @bciy 'Eeﬂadi befoYe B cvGididear ﬁlbih% Reged clAALLLER ordBloeRPe Of
the |l ow frequency clock. In yet another node the receiving edge of the | ow

frequency of.eckhiglsam oad frequ@neylgiockd)n Ianat iesde rodeSynt Biznkt is gendra®a f5¢ gnal
may be active during high frequency clock cycles during which there are no
dat a changieach occutiehee ofetheicoinciieattising @lgdshdnlanuther modenby Sghosifnal is
generated only upon a first coincident rising edge. In other modes, the Sync signal is
asserted corresponding to other coincident edges of the high and low frequency clocks
ghd asserted at other times to so indicate.

Figure 10 illustrates an embodiment of the present invention apparatus in a
computer system. A microprocessor 90 that operates respoﬂsive to the .higher
frequency core clock is coupled to a system bus 56. The system bus comprises the
address, data, and control lines necessary for transferring data between the Qarious
blocks of the system. In one mode, the lower frequency bus clock is also part of the
system bus 56. An external memory 88 for storing instructions and data used by the
microprocessor 90, an alphanumeric input device 80 for allowing a computer user to
communicate information and commands to the microprocessor 90, a display device 82
for displaying information to the computer user, and a data storage device 84 such as a
hard dfsk for storing infoﬁriation are also coupled to the system bus 56. Information is
transferred on the system bus 56 at the bus clock frequency. One or more of thé
deviées coupled to the system bus 56 operate responsive to the bus clock. Because
microprocessor 90 operaies according to a high frequency internal core clock
miéroprocessor 90 includes a P/Q synchronous transfer device 86 for providing
synchronous data transfer between the microprocessor 90 and other devices coupled to '
the system bus 56. The present inventidr_z apparatus allows the high frequency

' microprocessor to synchronously exchange data with the low frequency components of
the computer system. It should be understood that not all of the shown components are

necessary for a given computer system implementation. It should also be understood



: 13 - Figure 4 is a block diagramof a particular inplenentation of the
present invention apparatus in a processor 50 of a conputer system This
enbodi ment, as contrasted with the enbodi ment of Figure 1, is described in
~terns associated with m croprocessors and conputers. For exanple, the

| ow-t o-hi gh and high-to-low data transfer signals of Figure 1 are here
descri bed as sanple_en and drive_en signals to reflect the processor
functions of sanpling and driving dat nits I/O pads. The processor 50 is
coupled to-a systembus 56 to comruni cate with external devices represented
by an ext er that adgétiqnak componeRis BRY be pessenidy R givegLomputeasEsicrne dponsimadet o a
bus clock that may be part .of the system bus 56. In one node, the bus clock
i s gener at eHIeYCTAREOGEEI0E 894 thesmicroprocassrrrof Fd@Ee fhe bus cl ock is

gener ated exter n%éﬁ and _i n‘{‘)"ku to the pr ocetféol;_,SQ. The processor 50
includes a P/Q's FESERS GRVANtIQR SIQYde§ Srrater leatutlly 1B cBoesing e dymand evreus

dat a _transfelr bet ween. a.hj.gh, frequenc rocessor, core 34 and the_ external
devi ce 54 VFQ‘:}%&W@W%? .deﬂgé‘qq%/c@n@'r%& RYSERSUYS 23R Pravidins, s¥achrageps des

Thertace. | it Hander FaSpaage, pl IR RNRL P RIERT oY eSS0

enbodi ment, 1 beyEYs Bﬁéﬁa@é{f Ib&d ﬁlﬁﬁg, toPBbeh 58%nk $6 MHz system board designs the
present invention provides synchronous data transfer for the P/Q values and
corresponding microprocessor frequencies defined in Table 3. The MiCroprocessor
frequencies é.re shown in thé_ top row of Table 3 with the P/Q values in the left column.

The corresponding bus frequencies are shown in the body of Table 3.

Table 3

P/Q, CPU FREQUEN CY, AND BUS FREQUENCY COMBINATIONS

CPU _
Freqs 133 MHz { 150 MHz | 166 MHz | 183 MHz { 200 MHz { 216 MHz

- PIQ Bus Frequencies corresponding to CPU Frequencies and P/Q values
values :
4/8 66 MHz
4/9 - 66 MHz | .
- 4/10 66 MHz
4/11 66 MHz
4/12 66 MHz

4/13 . 66 MHz
3/8 50 MHz

3/9 50 MHz
3/10 - 30 MHz
3/11 50 MHz
3/12 ' 50 MHz
3/13 50 MHz




part of a separate device external to the processor 50. The system bus

I nterface logic 52 operates responsive to a de-skewed | ow frequency bus

cl ock. The high frequency processor core 34 operates responsive to a high
f'requency core cl ock. The de-skewed bus clock has the sanme frequency as the
bus cl ock and has the sanme phase as the core clock. The frequency

rel ati onship of the bus and core clocks is the integer ratio relationship
defined below in EQ 2 The de-skewed2Bus cl ock al | ows sinpler logic

design. In_angther nt, .the bus Iock i.s used i,n place of the
de- skewed BB FHLOECS °f;§%£%§f§%‘+en8’63u 1O GpmRinatiops, @@I%@P%@?f‘éﬁ%or 30

that receivyes a P val Uﬁ% a Q value and generates one or nore clocks. and
a Sync sig THAUCTCES Sy “the P/ Q clock generator 10 receives a bus cl ock

ook gonor ator FBRE} 53 @Wﬁﬁafié’?lﬂ%ﬁaﬁfsﬁ igkieion meghed for s REBnodY o
cl ock- genenalgfer i 468 Bhodsa bfal 8hct! 8&&@& FRLAERLNGRYS ST

yet
generates the low frequency clock and the high frequency clock that bave the frequency

relationship of equation 1 above. In one mode, the clocks are generated by the P/Q
clock generator described above. Step 102 generates the Sync signal to indicate a
predetermined phase relationship of the high and low frequency clocks. In one mode,
the Sync signal indicates coincident rising edges of the clocks. In other modes, the
Sync signal indicates other coincident edges of the high and low frequency clocks. In
one mode, the Sync signal is genérated by the P/Q clock generator described above. In
another mode, a separate phase-detection circuit generates the Sync signal. Step 104
generates a high-to-low data transfer signal (such as H-->L_en of Fig. 1) and a
low-to-high data transfer signal (such as L-> H_en of Fig. 1) in response to the Sync
signal and the high frequency clock.. When active, the data transfer signals qualify safe
data transmission times for enabling synchronous data transfer between devices
operating in the high and low frequency domains. Generally, a safe data transmission
time, or window, is a time when the data in the sending frequency domain is known to
be stable and when the receiving device in the receiving frequency domain can receive
the data. In one mode, the data transfer signals are generated by the interface
controller described above. In step 106, a data qualifer enables transfer of data from a
high frequency device (operating in response to ﬂxe high frequenéy clock) to a low
frequency device (operating in response to the low frequency clock in response to the
high-to-low data transfer signal and the high frequency clock. In step 108, the data
qualifier enables transfer of data from the low frequency device to the high frequency

device in response to the low-to-high data transfer signal and the high frequency clock.



-anot her node, the P/ Q clock generator 30 generates both the bus and core

cl ocks. In one node, the P/ Q clock generator 30 generates a de-skewed bus
.clock that has the sanme phase as the core clock. In one node, the P/ Q clock
*generator 30 generates a de-skewed bus clock that has the same phase as the
bus cl ock. The frequencies of the core and bus cl ocks have an integer ratio
relationship, P/Q that is determned by the two values P and Q as defi ned
by equation 2: (EQ 2) Bus C oC,kzﬁfrEquency - (PIQ X Core dock

Frequency; whergni aR¢stén! RIRERYC A hgﬁa‘?ﬁ% fo‘z‘%‘ré‘»‘iéingfsiﬁclh?odoﬂk Qegr ratio P/Q
In one node, P is Iess than Q such that the bus clock frequency is |ower
than the cga@nfbsskbetwesL@RRA debite BRiragy ATERueRRidshadingal BQ tlidRr rifiguch
that the bus clock frequency is higher than the core clock freguency. The
val ues of Ri&fhski) lRybdea deedrided. a variety of ways (see Figure IA-1D). In
one node, the P and Q values are set by pins of the processor 50. In
anot her node, t heth® femegoif spedificatian ctheanvenjionvhas beeq destribed with réfer@test er of
the processor 50. In yet another node, P and Q are set by an algorithm For
exanpl e, prospesiorexéiplanyembodiments thdredf. deMalll howevan de@videhtithat variowger at e
at its highest possible core and iteratively select P and Q val ues for
opti mal opewdificationsiand chirges yraydre wade thexsthwithoutldgparting) fnoomthelbeoddepl enent ed
in a software routine executed by g

spirit and scope of the invention as set forth in the appended claims. The specification

and drawings are, accordingly, to be regarded in an illustrative rather that a restrictive

sense.



the pro in the system BICS, or by hardware state machi ne of the
process§$§$$ﬁg~§9ﬁ6“srgﬁaLpindicates a predeterm ned phase rel ati onship of
t he cloc ‘u' the Sync signal indicates substantially coincident
rising e W) @ﬁz}mand bus cl ocks. In another node, the Sync signal
I ndi cat es subsﬂanM| oi ncident rising edges of the core and de-skewed
bus clocks. In other nodes, the Sync signal indicates other predeterm ned
phase rel ati onshi ps bet ween the cl ock®4 Fhe Sync si gnal - 15 - can
~indicate thelﬂﬁ§ﬂ§tern1ned phase relationship in various ways. In one node,
to indicatecorncrdent edgés the Sync signal is asserted during the core _
clock cycle imediately prior to coincident data changi ng edges of the core
cl ock and the de-skewed bus clock. In one node, the Sync signal is
generated for each occurrence of the predeterm ned phase relationship. In
anot her node, the Sync signal is generated only upon a first occurrence of

the predeternneg phaag ap rﬂh'sQBlSﬁHethLHQh@h@équ@ﬁ%%vﬂe%ﬁyggerﬁ nal

i ndi cat es ot her coinci dent edges of the clocks and is assert ot her
according to a high frequency clock and also for use with a low frequency device which

gr-r_.
i y']
w

operates ac;:ording to a low frequency clock having a frequency substantially P/Q times
the high frequency clock, wherein P and Q are integers having predetermined values,
the apparatus comprising: '

means for indicating a predetermined phase relationship of the high and low
frequency clocks;

means, responsive to the indicating means and the high frequency clock, for
generating a first transfer signal during safe transfer windows according to P and Q and
the predetermined phase relationship; and |

means, responsive to .the first ransfer signal, for providing synchronous transfer

of data from one of the high and low frequency devices to the other.
2. The apparatus of Claim 1 wherein a safe transfer window is at least one
period of the high frequency clock when the data to be transferred is stable and the

device receiving the data is capable of receiving the data.

3. The apparatus of Claim 2 wherein the predetermined phase relaﬁonship

is a substantially coincident edge of the high and low frequency clocks.

4.  The apparatus of Claim 3 wherein P is less than Q and Q is not an

integer multiple of P.

S. The épparatus of Claim 4 further comprising:
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tinmes throcessor 50 also includes an interface

controller 32. The i rfgpice control-ler 32 receives the P and Q val ues, the

- core cloc mﬂmﬂ‘ \%34“?! gnal and, responsive to these inputs, generates
two data m

I's, sanple en and drive en, that respectively enable
I nput and 0utbutLdata transfers of the processor 50. In one node, the

I nterface controller is a state machine. In another node, the interface
controller is a processor. In yet anotdfer- node, the interface controller is

conbi nati onal | ogig, n.act | a I fer signals indj.cate safe
data transm ssi O(%E#‘IS?T’ES, l%f&vm[h %%ﬁéﬂ%@?&?ﬂ% g%ﬁ%é@%%%\ﬁ%o f&osegex‘;h% ously
sanpl e or d%lﬂ@s oqq;t 4 Its input 46 or output 44 pads, respectively. In
anot her node,  a singlel/O pad may be used in place of the separate input

and output pads. For data input purposes, safe data transm ssion tines are
when input data is stable and the latch 42 can receive the data. For data

out put pur poses, gsaf eTglafshatdrdd\SNCREh g%ﬁér&ﬁiﬂ@?%n&@&_}ﬁg&ﬁd’i&a@%Bﬁltpirgas

stable and the latch 38 i's ready to recelve-the data. processo

i ncl udes a Po2efsfistle pis®f e dppatan@per at es responsive to the core clock to-
process data and instructions and synchronously exchange data with the
external device 54 via the system bus 56. A set of |atches 36, 38, 40 and
42, are

7. The apparatus of Claim 5 wherein the P and Q selector means comprises

a register of the apparatus.

8. The apparatus of Claim 5 whzrein the P and Q selector means comprises

a processor executing an algorithm. -

9. The apparatus of Claim 5 wherein the P and Q selector means comprises

a state machine executing an algorithm.

10.  The apparatus of Claim 5 wherein the first transfer signal generator
means includes: |

counter means for generating a count value responsive to the high frequency
clock and resetting the count value to a predetermined count value responsive to the
indicator means; and

decoder means, coupled to the counter means, for decoding the count value and
the values of P and Q and generating the first transfer signal according to

predetermined combinations of P and Q and the count value.

11.  The apparatus of Claim 10 further comprising:
P/Q clock generator means for generating the high and low frequency clocks

according to P and Q.
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coupl Whefpm’essor core 34 and the systembus 56 to facilitate
synch Us data exc e between the processor core 34 and the external
device ' oupled to receive data froma data output term nal,
Dat aaﬁi\w r core - 16 - 34. Enable and clock inputs of
latch 36%are cbupled to the drive_en and core clock signals, respectively.
In one node, latch 36 is a transparenlf; D-latch that is transparent during
the |l ow period of the core clock if~t & znabl e i nput is active. In another
nmode, latch 36 is an edge-triggered D-latch. The output of latch 36 is
coupled to the input of latch 38. A clock input of latch 38 is coupled to
t he de-skewed bu2. cl Th&appasatasief Glaiia, 10l fatthér Dnprisingn edge-triggered | atch
responsive to the rising edge of the de-skewed bus clock. In another node,
| atch 38 is a t PiQsjmek groeritor aneahs, rdipensive muthe hiigh frequendBeloek,cforpl ed to t he
out put pad 44. In another node, a de-skewed bus clock is not generated and
t he cl ock igeperating the dave fregaericy closkprentding to Rand3. cl ock. Latch 40 is
coupled to receive data fromthe input pad 46. A clock input of

13.  The apparatus of Claim 10 further comprising:

P/Q clock generator means, responsive to the low frequency clock, for

generating the high frequency clock according to P and Q.

14.  The apparatus of Claim 13 wherein the P/Q clock generator means
includes: |

frequency divider means, responsive to the low frequency clock, for generating
a secoﬁd signal having a frequency substantially equal to (low frequency clock)/P;. and

a phase-loékéd loop, responsive to the secon;l signal, for generating the high

frequency clock substantially Q/P times the frequency of the low frequency clock.

15.  An apparatus for use ivith a first device and a second device which

respectively operate according to a first clock having a first frequency and a second
" clock having a frequéncy substantially equal to P/Q times the first frequency, wherein

P and Q are integers having predetermined values, the apparatus comprising:

a phase detector responsive to the first and second clocks for generating a sync
signal to indicate a predetermined phase relationship of the first and second clocks;

an interface controller responsive to the sync signal and the fir.st clock for
generating a first transfer éignal during a first safe transfer window according to P and
Q; and '

a data qualifier for providing synchrbnous transfer of data from one of the first

-and second devices to the other in response to the first transfer signal.
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tatch 40 is coupled to t he de-skewed bus clock. In one node, latch 40 is an
edge- responsive to the rising edge of the de-skewed bus
cl ock. he |l atch 40 is a transparent D-latch. In another
rmde JM%WH‘HM“ ck is not generated and the clock input of latch

i sbus clock. Latch 42 is coupled to receive the output
of Iatch 40. Enabl e and clock inputs of latch 42 are coupled to the
sanpl e_en and core clock signals, re2peetively. I'n one node, latch 42 is a
transparent D-l'atch that is transparent during the high period of the core
clock if the enable input is active. In another node, latch 42 is an

edge-t 1 i gger ed iatﬁ,[@ﬁg;%r S Rbnpls WRbG Ak Safe BUBLRHWIRIA iaka | OPu!

term nal, Datalm, essor core a set ot waveforns
illustrati,ng, one ®ed IN

i nputting lﬁ%fﬁ“‘??%‘r)ﬂ% %e sy er?#cg e&émwﬁ?he pr- Ocesrgecli;i?isggrb(l;é%'}dr E)JI’I ng T1,
the Sync s egn:gl ﬁ% &fs B¢ feb&linkhRe BAX! rising edge of the
de-skemed e dF us c c corresponds to a rising edge of the core
cl ock. During T2 T3 and T4 the external device 54 drives input data on

t he system bus 56 During T4, in response to the rising edge of the

de- skewed bus cjpck, Tﬂeaép‘faﬁ'raﬁﬁ dfatiaie $6 herein thetpretirteamidadrphage Hzauohktﬁpsarrpl e
en signal is active indicating that it is safe to latch input data (i.

the input gatsabitsnthillgkbikidehnedgesifairstirst and feeomictlocks. sanpl e en

18.  The apparatus of Claim 17 wherein P is less than Q and Q is not an

integer multiple of P.

19.  The apparatus of Claim 17 further comprising:
a P selector, coupled to the interface controller, for selecting the value of P; and

a Q selector, coupled to the interface controller, for selecting the value of Q.

20.  The apparatus of Claim 19 wherein the P and Q selectors comprise

programmable pins of the apparatus.

21, The apparatus of Claim 19 wherein the P and Q selectors comprise

registers of the apparatus.

22. The appafatus of Claim 19 wherein the P and Q selectors comprise a

processor executing an algorithm.

23. The ap'paratus' of.Claim 19 wherein the P and Q selectors comprise a

state machine executing an algorithm.
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-~ 17 - sigmat—and the high period of the core clock, latch 42 latches the

I nput dat The output of latch 42 is provided to the DatalN
term nal Imgi@mﬂmg m core 34. Figure 6 is a set of waveforns

iTlustrat es of* operati on of the processor 50 of Figure 4 in
outputting data fromthe processor core 34 to the systembus 56 for use by
the external device 54. During T1, the Sync signal is high to indicate that
the next rising edge of the de- skevved ?(ﬁJS“ clock (or bus clock) corresponds

to a rising edge,pf “ffﬁ?g}?q ofd B 'ifbrelel ine ik Sat€ f‘%&db is

indicating a safé ti put seque rans o the

out put Pad fidsy JoUTefild B8 e i GAORTE 1R frCucdeklpfviled o) usi'dqgh%da&ig the

| ow period 0O t e ‘core c atches o rom

processor CoicBng dBREA{\hp snﬁe Bffb%émdg%& Rirs Gad! meeiaterrﬂee bétrdIRE alglegr ON. 1S

out put termnal as 1 nput P latch During T4, 1n response to the rising

edge of thegitasaridgOftecordiramictSidnal 280l LR Srahiter Wtﬁcﬁm witdnlge t he

system bus 56 for use by the external device 54
second safe transfer window is at least one period of the first clock when_ the second

device provides stable second data and the first device is capable of receiving the

second data.

25. . The apparatus of Claim 24 wherein the data qualifier for providing
synchronous transfer of data from the first davice to the second device in response to
the first transfer signal and providing synchronous transfer of data from the second

device to the first device in response to the second transfer signal.

26. The appararué of Claim 25 wherein the interface controller includes:
a counter for generating a count value responsive to the ﬁrst clock and resetting
the count value to a predetenmned count value responsive to the sync signal; and
- a decoder, coupled to the counter, for decoding the count value and the values
of P and Q and generating the first transfer signal according to first predetermined
combinations of P and Q and the count value and generating the second transfe; signal

according to second predetermined combinations of P.and Q and the count value.

27.  The apparatus of Claim 26 further comprising:
a P/Q clock generator for generating the first and second clocks according to P

and Q.

28.  The apparatus of Claim 26 further comprising:

\‘
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Fi guMgram of one enbodi nent of the P/ Q C ock Generator.:

The P erator 70 conprises a divide-by-P frequency divider 60 and
a fre W g phase-1l ocked | oop that includes block 62, 64, 66,
and 68. Thetdi P frequency divider 60 receives the value of P and

t he bus cl ock and ge*nerat es an output signal that has a frequency of (bus
clock)/P. In one node, the divide-by-P frequency divider is a programmbl e
counter. In another node, the divide-28%-+P frequency divider is a

T o oY ST o RO o B bR S SR, L
68 and gen&g?gg g%o\%}%g?ﬁ’er ﬁélreq)‘e signal and a Sync signal. The phase error

signal ind is a phase or frequency difference between
the two input signals. In one node, the Sync signal indicates coincident
rising edges of the two input signals In other nodes, the Sync signal

i ndi cates ot hergredeje4 a?ﬁﬁ's@{: el REh D HIRR [g the two input signals. )
A | ow pass fllter 64 rec |ves thé phase error signal and generates a
conj rol vol t age, p/Qridck gkh&rafRNidsponsiel b Aesetbit@beid by Eénefating the first |

clock according to P and Q.

30.  The apparatus of Claim 29 wherein the P/Q clock generator includes:

a frequency divider, responsive to the second clock, for generating a third signal
having a frequency substantiall_y -eqiiél to (second clock)/P; and

a phase-locked loop, responsive to the third signal, for -genefating the first clock

substantially Q/P times the frequency-of the low frequency clock.

31. A computer system comprising:

a bus for providing a communication interface;

_loﬁv frequency device means, coupled to the bus means and responsive to a low
frequency clock, for sending and receiving data via the bus means; and

processor means, coupled to the bus means and responsive to a high frequency
clock baving a frequency substantially Q/P times the low frequency clock, wherein Q

- and P are integers having predetermined values, for executing the instructions and
sending and receiving data via the bus means, the processor means having an apparatu§
for providing synchronous data transmission between the processor means and the low
frequency device means, the apparatus including:
means for indicating a predetermined phase relationship of the high and

low frequency clocks;

"



= 18—-—v94—t—age—een{—r—el—l—ed oscillator 66. In response to the control

t he vol tzﬁilza controlled oscillator 66 generates an output clock

SI gnal“ IIBI H mmse frequency is deternined by the control voltage.
The va

core clock is received by a divide-by-Q frequency
di vi der 68 V\:hl ch generat es the (core clock)/Q signal. In one node, the

di vi de- by- Q frequency di vi der is a programmabl e counter. In another node,
t he di vi de-by-Q frequency divider i= 3® raster-slave divider circuit. The

ont 10l | ed 05t |t o PhE SRR PP R LRASRE s o BUIEH peidnkf el nas
Frequency” aFt Baing BTHIRGUE S bafe Piller B Shecolil B PRfia

~clock signgly ﬂgg{e@gté lﬁk’ﬁtﬂﬂé% Hat{gg&{,rﬁﬂuency of the bus clock is P/Q

times the frequency of the core c I'n one node, P is smaller than Q

such that the bus cl qnd, r@pERNAGY1J the Iﬁeawansﬂaa@wme FSOprRVIREMRCH nERRANRNCY -

Figure 8 is a block diagram of one embodi nment of the interfacé controller.

The i nterf agmsfepbf da frofm o dfnké Efbeéss@r Bea £4d 166 fictiteney deviUnedistyo count er
register 74 that is increnented by the core clock and reset by the Sync

signal. In teethehde, the counter 76 is inplenmented wt h conbi nat i onal
| ogic. A decoder 74 receives the counter
32.  The computer system of Claim 31 wherein a safe transfer window is at

least one period of the low frequency clock when the data to be transferred is stable and

‘the device receiving the data is capable of receiving the data.

33.  The computer system of Claim 32 wherein the predetermined phase

relationship is a substantially coincident edge of the high and low frequency clocks.

34, The computer system of Claim 33 wherein P is less than Q and Q is not

an integer multiple of P.

35.  The computer system of Claim 34 further comprising:
means, coupled to the first transfer signal generating means, for selecting the

values of P and Q.

36.  The computer system of Claim 35 wherein the P and Q selector means

comprises programmable pins of the processor means.

~ 37.  The computer system of Claim 35 wherein the P and Q selector means

comprises a register of the processor means.

\\
This Sheet Hy

Wi



regist nd the P and Q values as inputs and decodes themto
generate the sanple en and drive en data transfer signals. In one node, the

decoder “mm umuutﬂll i th conbi national logic. In another node, the
decoder m I n anot her node, the decoder is a state machine.
The P and Q¢ nteg®tr Sval*'ues can be encoded in various ways. For exanple, in

one node the interface controller. use?lthe P and Q encodi ngs defined in
Tabl e 1. - 19 - Table 1 Integer Vi Bi nary Encoding P =3.

0 Q=8 38. © The computeQQgstQﬁ%f Claim 35 wherein the P and Q sef¢€thr Rieand 0
010 Q= 11 ) 11 |

~ comprises an algorithm executed by the processor means.

39. The computer system of Claim 35 wherein the P and Q selector means

comprises a state machine executing an algorithm.

40.  The computer system of .Claim 35 wherein the first transfer signal
generator means includes:

counter means for generating a couﬁt value respo;lsive to the high frequency
clock and resetting the count value to a predetermined count Qalue responsive to the
indicator means; and | |

decoder means, coupled to the counter means, for decoding the count value and
the values of P and Q and generating the first transfer signal according to

predetermined combinations of P and Q and the count value.

41.  The computer system of Claim 40 further comprising:
P/Q clock generator means for generating the high and low frequency clocks

according to P and Q.

42. .The computer system of Claim 40 further comprising:
P/Q clock generator means, responsive to the high frequency clock, for

generating the low frequency clock according to P and Q.

43.  The computer system of Claim 40 further.comprising:
P/Q clock generator means, responsive to the low frequency clock, for
generating the high frequency clock according to P and Q.
-
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kil2_ 100 Q=13 101 Q = 14

110 Q = 15 111 In one node, the interface controller
generimﬂ m and drive en outputs for P and Q encodi ngs of [P=4,
{(Q=8] ' lm m, shovvn in Table 2. Table 2 P Q Count er

sanpl e 'en € Ldrﬁ'ves er 1 0000 , 1 01 000
0001 1 1 001 0001 . 0 11
001 0010 0 -3 r o001 0011 I

é i 881 48.282’1‘11&: computer %'stem of Claim 432w§ereirgtg% P/Q clccS%%g&ator _ 8
0

means includes:
frequency dividef means, responsive to the low frequency cleck, for generating
a second signal having a frequency substantially equal to (low frequency clock)/P; and
- a phase-locked loop, responsive to the second signal, for generating the high

frequency clock substantially Q/P tii_nes the frequency of the low frequency clock.

45. A computer system comprising:
a system bus for providing a communication interface;
a low frequency device, coupled to the system bus and responsive to a second
, clock, for sending and receiviﬁg data via the system bus; and
a processor, coupled to the system bus and responsive to a first clock having a
frequency substantially Q/P times the second clock, wherein Q and P are integers
having predetermined values, for executing the instrﬁctions and sending and receiving
datﬁ via the system bus, the processor having an apparatus for providing synchronous
data transmission between the processor and the low frequency de?ice, the apparatus
including: .
- a phase detector responsive to the first and second clocks for generating a sync
signal to indicate. a predetermined phase relationship of the first and second clocké;
an interface controller responsive to the sync signal and the first clock for
generating a first transfer signal during a first safe transfer window according to P and
Q; and
" a data qualifier for providing synchronous trahsfer of data from one of the
processor and the low frequency device to the other in response to the first t;ansfer

signal.

___\'-

This Sheet Has Been

W i



L1 001 0111 1 01 001 1000 0
1 Figures 8A-8H |IIustrate wavef orms of the sanpleen and drive en signals,

- as gﬁm"mlﬂ“lmm |I nterface controller, in one node, for [P=4, Q4]
«(Fig =4, =15] (Figure 8H) - 20 - Figure 9'illustrates .
one mdde ‘of "t h& ync si gnal generated by the P/ Q clock generator. In this

node, the Sync signal is asserted in the bus clock (i.e., high frequency
cl ock) period before the coincident Bi3sng edges of the bus and core clocks

(i.e., high andgbow Theanaper SARKS? C1dim ANEndrRA% AlPErKagS SRfh! S

generated for each occurre e col ncide rising edges.

mode, the s Hhd g@ﬁoa Bt &g%&@a@& IR ERAR @ teltFabrefiRl | rgcgzgﬁésmg bl ng

edge. In o nc signal 1S asserte correspon 0 ot her

coi nci dent 4 Silidg® Ghﬁh bleQQ¥ bESHHS B/ dfta OCKS and asserted at ot her
times to sog‘ﬁﬁ%?egatle © s EdableW g
47.  The computer system of Claim 46 wherein the predetérmined phase

relationship is a substantially coincident edge of the first and second clocks.

48.  The computer system of Claim 47 wherein P is less than Q and Q is not

an integer multiple of P.

49.  The computer system of Claim 47 further comprising:
a P selector, coupled to the interface controller, for selecting the value of P; and

a Q selector, coupled to the interface controller, for selecting the value of Q.

50.  The computer system of Claim 49 wherein the P and Q selectors

comprise programmable pins of the processor.

51.  The computer system of Claim 49 wherein the P and Q selectors

comprise registers of the processor.

52. The computer system of Claim 49 wherein the P and Q selectors

comprise an algorithm executed by the processor.

53.  The computer system of Claim 49 wherein the P and Q selectors

comprise a state machine executing an algorithm.

-
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Figure 10 illustrates an enbodi mrent of the present invention apparatus in a
conputer system A mcroprocessor 90 that operates responsive to the higher
freque coupled to a system bus 56. The system bus
conpr i mnmm‘wmulmmmdat a, and control lines necessary for transferring
dat a bet'weén thd vari dus bl ocks of the system In one node, the |ower
frequency bus clock is also part of the system bus 56. An external nenory
88 for storing instructions and data lkst;ed- by the m croprocessor 90, an
al phanumeric input device 80 for allowng a conputer user to communicate
i nf or mati on and SdomralEscomputehn 8ysem rof (s $S ohein the fitstsqafeayardfeariviad®g f or
di splaying information to the conputer user, and a data storage device 84
such as a Hsaatdeast ©ke periodobhihe fiysti aldakr win the pascessalr poovides 3tabik first ddig afy st em
bus 56. Information is transferred on the systembus 56 at the bus clock
frequency. tinbovofrequancy dévichis adpable of racoivingettie fwstidata, shesineerfabeisodifolieper at e
responsive to the bus_clock. Because m croprocessor, 90 operates. accordi ng
to a hi gh falsdoegeseritinged seepnd warsfer signal dudndpsercad safe todsfenvinddss a P/ Q
synchronous transfer device 86 for providing synchronous data transfer
bet ween t hevhareipdhs srcead safe transfergwindriyis ablead ofe pstipd ofithedirstrloaiswhesm bus
56. The present invention apparatus aJlows the high frequency
mi cr opr oces8BIO% FEQURIER FBWS‘E ET%YICE? éﬁgl?gséc‘%ﬂilt Jétwﬁthp IPECQEHRI 15 g el &f
conmponents of . . . _ :

receiving the second data.

55. . The computer system of Claim 54 wherein the data qualifier for
providing synchronous transfer of data from the processor to the low frequency device
in response to the first transfer signal and providing synchronous transfer of data from
the low frequency device to the prdcessor device in response to the second transfer

signal.

56.  The computer system of Claﬁn 55 wherein the interface controlier
includes:
a counter for generating 2 count value reépbnsive to the first clock and resetting
the count value to a predetermined count value responsivé to the sync signal; and
a decoder, coupled to the counter, for decoding the count value and the values
of P and Q and generating the first transfer signal' according to first piedetermined
combinations of P and Q and the count value and gener;a'ting the second transfer signal

according to second predetermined combinations of P and Q and the count value.

57.  The computer system of Claim 56 further comprising:
a P/Q clock generator for generating the first and second clocks according to P
and Q.
_—
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- tthe co It should be understood that not all of the shown
conponents are necessary for a given conputer systeminplenentation. It

oresent | MIPOAIBAIREINE o: <cfem | ™Gne mae: the m bropr ocescsr 50 i

the m cropro‘ces‘sor" 50 of Figure 4. The present invention provi des greater
flexibility in choosing the bus and core clock frequencies in the design of
conput er systens while al so providi n‘g355yrfchronous data transfer. For

exanpl e, today's.syst board deS| i mzed faor, either 50 or 66 Mz
operation. In on'?e§ F%’PP'BS‘EW% 9&%&@9\“&'&&rd desi gns the

Gor r espondi ng. h?%?ﬂé%&ce gl ?2%3@9?%%2 btiREo, e Gfngtalfe hgsecond = "
m croproces%% g(;cgg&{ﬁg%psanqi shown in the top row of Table 3 with the P/Q
[ e lfe t cofum. The [ [

values in t correspondi ng bus frequencies are shown in
the body of Table 3. Table 3

59.  The computer system of Claim 56 further comprising:
a P/Q clock generator, responsive to the second clock, for generating the first -

clock according to P and Q.

60.  The computer system of Claim 59 whereiﬁ the P/Q clock generator
includes:

a frequency divider, re'sponsive to the .second clock, for generating a third signal
having a frequency substantially equal to (second clock)/P; and '

a phase-locked loop, responsive to the third signal, for generating the first clock

substantially Q/P times the frequency of the low frequency clock.

61. A method for transferring data between a high frequency device which
operates according to a high frequency clock and a low frequency device which
operates according to a low frequency clock having a frequency substantially P/Q times
the high frequency clock, wherein P and Q are integers having predetermined values,
the method comprising the steps of:

1nd1cat1ng a predetermined phase relationship of the high and low frequency
clocks

responsive to the high frequency clock, generating a ﬁrﬁt_ transfer signal during '
safe transfer windows accordinglto P and Q and the predetermined phase relationship;
and

responsive to the first transfer signal, providing synchronous transfer of data

from one of the high and low frequency devices to the other.

This Sheet Has Been Rep
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P/ Q CPU FREQUENCY, AND BUS FREQUENCY COMVBI NATI ONS CPU | Freqgs 133 MHz

150 MHz 166 MHz 183 VHz 200 MHz 216 MHz P/ Q Bus Frequenci es

corres ' guenci es and P/ Q val ues val ues 4/8 66 MHz 4/9
ce v [N IR o6 e 411

66 MHz L Mos  * ' 66 MHz 4/ 13
66 Mz 3/8 - 50 MHz 3/9 . 50 Mz 3/10

50 Mz 3/11 ) . - 36 - 50 Mz 3/12

50M#z 3/13 50 MHz

62.  The method of Claim 61 further comprising the step of:
synchronously transferring the data from one of the high and low frequency

devices to the other during the first transfer signal.

63. The method of Claim 62 wherein a safe transfer window is at least one
period o'f the high frequency clock when the data to be transferred is stable and the

device receiving the data is capable of receiving the data.

64.  The method of Claim 63 whe:ein the predetermined phase relationship is

a substantially coincident edge'of the high and low frequency clocks.

65.  The method of Claim 64 wherein P is less than Q and Q is not an integer

multiple of P.

66.  The apparatus of Claim 65 wherein the first transfer signal generating
step comprises the steps of: |

generating a count value responsive to the higﬁ frequency clock and resetting
the céunt value to a ;.Jredetennined count value responsive to the prédetermined phase
relationship;

deéoding the count value and the values of P and .Q; |

generating the first transfer signal according to predetermined combinations of P

and Q and the count value.

67.  The method of Claim 66 further comprising the step of:

responsive to the low frequency clock, generating the high frequén_cy clock

accoi'ding to Pand Q.
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- 22 - In other nodes, other board frequencies, P/ Q conbinations, and

m croprocessor frequencies may be used. Figure 11 is a flowhart of the
present invention nethod for synchronously transferring data between

di gi sal devices operating at P/Qrelated frequencies. Step 100 generates
the | ow frequency clock and the high frequency clock that have the
frequency rel ati onship of equation 1 above. In one node, the clocks are
generated by the P/ Q cl ock generator described above. Step 102 generates
the Sync signal to indicate a predetaBsiRaerl phase rel ati onship of the high
and | ow frequency clocks. In one node, the Sync signal indicates coincident
ri sing edges Y6THQ) ANP| ARPRBATUSHFER IRBOVIRING SSYNCHRONGYA cDATAGTRANSHIBSIOAt es ot her.
coi néi dent edgeSEBEENHRIGETM DEVEC BSoGP ERAGEN@ ATy FRAQUENGLES| HAVING Arpde, t he
Sync signal Ls generated hyP/ohENTHGER RATIR REBABFNSHIP descri bed above. In
anot her node, a separate phase-detection -circuit generates the Sync signal.
Step 104 generates a high-to-low data transfer signal (such as H- > Len of
Fig. 1) and a .

An apparatus for synchronously transmitting data between devices operating at
different frequencies that have a P/Q integer ratio relations.hip. The apparatus a.l_lows
one or more device(s) 6perating at a high frequency to synchronously exchange data
with one or more device(s) operating at a low frequency. The low and high
frequencies have a P/Q integer ratio relationship of:

low frequency = (P/Q) X high frequency;
where P and Q represent integer values, P is less than Q, and Q is not necessary an |
.integer multiple of P. A P/Q clock generator generates one or both of the high and low
frequency clocks according to the P/Q frequency ratio. An interface controller receivés
the high frequency clock and the P and Q values as inputs and generates a high-to-low
data trahsfer sigﬁal for enabling data transfers from high frequency to low frequency
devices. The inte.rface controller also generates a low-to-high frequency data transfer
signal for enablin'g data transfers from low to high frequency devices. The data
transfer signals may be used to latch or qualify transfer data duriﬁg transfer across
frequericy boundaries. The data transfer signals indicate safe times, or windows, for
transferring data across frequency boundaries. A safe time for transferring data across
a frequency boundary is a high frequency clock period where the transfer data is stable

and the receiving device can receive the data.

I
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lowto-high data transfer signal (such as L-- > Hen of Fig. 1) in response
to the Sync signal and the high frequency cl ock. Wen active, the data
transfer signals qualify safe data transm ssion tines for enabling
Synchronous data transfer between devices operating in the high and | ow
frequency dormins. Cenerally, a safe data transmssion tine, or wi ndow, is
a.time when the data in the sending frﬁggfncy domain is known to be stable
and when the receiving device in the r ving frequency donain can receive
the data. In one node, the data transfer signals are generated by the

i nterface controller described above. In step 106, a data qualifer enables
transfer of data froma high frequency device (operating in response to the
hi gh frequency clock) to a low frequency device (operating in response to
the |l ow frequency clock in response to the high-to-low data transfer signa

and the hrghg!Fe clo In step 108, the data qualifier enables
transfer of q!?!ﬁiTmr frequency device to the high frequency device
in responge~to" The TOWTO-HT G ‘H'at'a"’fran'sf"e"r‘ﬁl gnal and the high frequency
-
clock. - 23 T\NTERFACE CONTROLLER wrok | HIGH FREQUENCY
: 12 < l > CLK DEVICE
L[ H —=L_EN | 16
: L — H_EN : DATAOUT DATAIN
_I * . i . A .
: SYNC l—ff---——---"-—--*—]
! SYNC GE11\11ERATOR _-H—L_EN :
ll. P—t+e !
1 Q¢ 4 | J-L—-HEN b
T nal - |
i L»]  GENERATOR :
: ' 10 LFCLK y !
> I
| HIGH FREQUENCY 1 ENt DATA |
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JThus, a system nethod, and apparatus for providing synchronous data
" transm ssion between digital devices operating at frequencies having a P/ Q
{nteger ratio relationship has been described. In the foregoing _
specification, the invention has been described with reference to specific
exenpl ary enbodi ments thereof. It will, however, be evident that various
nodi fi cati ons and changes nmay be nade égﬁieto'MAthout departing fromthe
broader spirit and scope of the invent4 as set forth in the appended
clainms. The specification and drawi ngs are, accordingly, to be regarded in
an i||UStratLMB§i?&ﬁiE Eﬁat a]ifiirictive sense. - 24 - CLAIMS 1. An
apparatus for u | ' ncy device which operates according to
a high frequency clock and also for use with a | ow frequency devi ce which
operates according to a low frequency clock having a

P REGISTER 130 LA PIQ
. | SYNCHRONOUS aUS
TRANSFER
| DEVICE
Q REGISTER 132 a_, 134

EFEXI=_1KZ

PANDQ F_, PIQ
'SELECTION SYNCHRONOUS 8US
STATE TRANSFER
MACHINE DEVICE
140 Q_, 142

—FIG_ 11D
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-
-

Y

TEST TO SEE IF PROCESSOR IS OPERATING OPTIMALLY |~ 132
WITH THE SYSTEM BUS

- YES

OPTIMAL
OPERATION?

* ADJUST P AND Q VALUES FOR A LOWER FREQUENCY




frequency substantially P/Qtines the high frequency clock, wherein P and Q
are integers having predetem ned values and P is |less than Q the apparatus
tonprising: nmeans for detecting an occurrence of a predeterm ned phase

rel ationship of the high and | ow frequency cl ocks, and for asserting a sync
signal in response to the occurrence of the predeterm ned phase

rel ati onshi p; nmeans, coupled to recei Ve?gﬁ d responsive to the sync signal

and the high frequency clock, for gener#itlilng a first transfer signal _
indicating a safe transfer w ndow according to P and Q and the occurrence

of the predeterm ned phase rel ationship; neans, coupled to receive and
responsive to the fisst-trapsier_.signal, for providing- hEONOUS-=~mqem
transm ssion and reception a between the high and
devi ces; and neans, coypled]to the fifyst transfer signa
for switching Qfhetweeh a f plurajity of val é&s, an
determ ni ng neans an he firg$t transfer signal gener
operable for Q being any ofdthe first|plurality of v
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M * - 25 - 2 The apparatus of Claim1l wherein the safe
transfer window is at | east one period Zi the high frequency dock when the
data to be transferred is stable and tﬁ' &evi ce receiving the data is
capabl e of receiving the data. 3. The apparatus of -Claim2 wherein the
predet erm ned phase relationship is a substantially coincident edge of the
hi gh and | ow frequency cl ocks. 4. An apparatus for use with a high
frequency davfgfﬁ pa' |
et bt —————-—- -
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operates according to a high frequency clock and also for use with a | ow
frequency device which operates according to a | ow frequency cl ock having a
frequency substantially P/Qtinmes the high frequency clock, wherein P and Q
are integers having predeterm ned val ues and wherein Pis |less than Q and Q
Is not an integer nultiple of P, the apparatus conprising: nean for
detecting an occurrence of substantiall oi nci dent edges of the high and

| ow frequency cl ocks, and for assertinéygﬁ occurrence signal in response to
the occurrence of the substantjal edges; neans, coupled to

receive and responsive to the pcRN S&hd-1 -+i-gh-< r equency
clock, for generating a first [rpdy ng safeltransfer w ndow
accordi ng to P and Q and the ofc Qxasta ially chncident_
edges, wherein the safe transfgrf W ®ept fone per}od of the high
frequency cl ock when the daga t ofNd 2 NE $table ahd the device
receiving the data is capabl e of ce %_Q“_ nd. REPLACEMENT SHEET
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*C L M S * -26 - neans, coupled to receive and responsive to.
the first transfer signal, for providing synchronous transfer of data from
one of the high and IOM/frequency devices to the other. 5. The appar at us
for Claim4 further conprising : nmeans, coupled to the first transfer

signal generating neans, for selecting the values of P and Q 6. The
apparatus of Claimb5s mhereln the P- am%#q el ect or neans conpri ses
programabl e pins of the apparatus. he apparatus of Caim 5 wherein
the P and Q sel ector neans co rlses a reglster of the apparatus. 8. The
apparatus of Claim4 wherein t r ahs f-at or neans

I ncl udes: counter neans for ge cou sive to the high
frequency clock and for resett unt et erm ned count
val ue responsive to the assert occ by the detecting
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fAeans; and REPLACEMENT SHEET 2 2 AUG 1998 c L MS *

-27- decoder neans, coupled to the counter neans, for decoding the count
value and the values of P and Q and for generating the first transfer
signal according to predeternined conbinations of P and Q and the count
val ue. 9. An apparatus for use wth a first device and a second device
whi ch respectively operate according t?,i first clock having a first
frequency and a second cl ock having a é énd frequency substantially equal
to PPQtinmes the first frequency, wherein P and Q are integers having
predeterm ned values and P is less than Q the apparatus conprising: a
phase detector, coupled to receive and responsive to the first and second
cl ocks, that generates an occurrence signal to indicate an occurrence of

T K I=_ 7

SYNC
PHASE _J Low VOLTAGE.
Busclock | | CIVOF | |Fmecuency [ | pass | |contRouep| _ | CORECLOCK
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a predeterm ned phase relationship of the first and second cl ocks; an
interface controller, coupled to receive and responsive to the occurrence
signal and the first clock, that generates a first transfer signal during a
first safe transfer w ndow according to P and Q and the occurrence of ‘the
predet er mi ned -phase rel ationship; a data qualifier, coupled to receive the
first transfer signal, that provides sysﬁzionous transm ssion and reception
of data between the first and second de S in response to the generation
of the first transfer signal; and a O selector, coupled to the interface
controller, configured to switch Q between a first plurality of val ues,
wherein the phase detector and the interface controller are operable for Q
bei'ng any one ofh-the tirst.plurality.of v LACEMENI._SHEET. 22 AUG
1998 '
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[err] -28- 10. The apparatus of Claim9 wherein
a first safe transfer window is at |east one period of the first clock when
the data to be transferred is stable and the device receiving the data is
capable of receiving the data. 11. The apparatus of Claim9 wherein the
predeterm ned phase relationship is a substantially coincident edge of the
first and second clocks. 12. An appars&g for use with a first device and
a second devi ce which respeéectively ope according to a first dock haV|ng
a first frequency and a second clocl having a second frequency
substantially equal to P/Qtinmes the first frequency, wherein P and Qare

I ntegers having predeterm ned values and wherein Pis less than Qand Qis
not an integer- -m:rl-t-*r-p-l-e of--P; the appear-atus--eerp--si ng. a-phase-deteci-or,
coupled to recejve apd nsive to the first nd second cl ocks, that
generates a sy Lpdi cat e an_joccurrencle o
coi nci dent edge

coupl ed to recei
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Signal and the first clock, that generates a first transfer signal during a
first safe transfer w ndow according to P and Q wherein the first safe
#ransfer windowis at |east one period of the first clock when the data to
be transferred is stable and the device receiving the data is capabl e of
receiving the data; and REPLACEWMNT SHEET 2 2 AUG 1998 [err] a data
qualifier, coupled to receive the fi rslggltlransfer signal, that provides
synchronous .t ransfer of data from one tlhe first and second devices to
the other in response to the generation of the first transfer signal. 13.
The apparatus of Claim 12 further conprising: a P selector, coupled to the
I nterface controller, that selects the value of P, and a Q selector,.

coupl ed to the interface-tontrol-Fers--that sel ect s~tHe-val-ue-of-- .
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Q 14. The apparatus of Claim 12 wherein the interface controller is
configured to generate a second transfer signal during a second safe
transfer wi ndow, wherein the second safe transfer windowis at |east one
period of the first clock when the second device provides stable second
data and the first device is capable of receiving the second data. 15.

The apparatus of C aim 14 wherein the f?ltofi qualifier provides synchronous
transfer. of data fromthe first devi cl: t he second device in response to
the generation of the first transfer signal and provides synchronous
transfer of data fromthe second device to the first device in response to
the generation ¥ dls@cond ] ansfer signal. REPLACEMENT SHEET - 30 -
16. The apparatus of Claim 12 wherein the interface controller
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GENERATE A LOW FREQUENCY CLOCK AND A HIGH FREQUENCY CLOCK. THEHIGH  |_—100
FREQUENCY IS AN INTEGER RATIO Q/P TIMES GREATER THAN THE LOW FREQUENCY.

y

GENERATE A SYNC SIGNAL THAT INDICXATES COINCIDENT RISING EDGES OF THE |_—102
HIGH AND LOW FREQUENCY CLOCKS.

USE THE HIGH FREQUENCY CLOCK AND SYNC SIGNAL TO GENERATE A HIGH TO LOW 104
FREQUENCY DATA TRANSFER CONTROL SIGNAL AND A LOW TO HIGH FHEQUENCY =
DATA TRANSFER CONTROL SIGNAL.

y

TRANSFER DATA FROM A HIGH FREQUENCY DEVICE TO A LOW FREQUENCY DEVICE 106
IN RESPONSE TO THE HIGH TO LOW FREQUENCY DATA TRANSFER CONTROL SIGNAL /
AND THE HIGH FREQUENCY CLOCK.

y

TRANSFER DATA FROM THE LOW FREQUENCY DEVICE TO THE HIGH FREQUENCY DEVICE / 108
IN RESPONSE TO THE LOW TO HIGH FREQUENCY DATA TRANSFER CONT. ROL SIGNAL
AND THE HIGH FREQUENCY CLOCK.




. _ Ppo5207-8 TPOS
i nel udes: a counter that generates a count val ue responsive ‘to the first.

tlock and resets the count value to a predeternined count val ue, responsive
to the generation of the sync signal; and a decoder, coupled to the
counter, that decodes the count value and the val ues of P and %‘%ad
generates the first transfer signal ABSIBAE ng to

ransior Z.r‘éni{m%g%?@ gfﬁ‘%@ﬁhe@% V?_Eal g“eggc%%a”d gj&éﬁﬁ Eé@b‘hgﬁ P and o

and the count va N9 system bus for
. INT EGE
providing a cofmneatt p-iocs led to the

system bus and responsive to a second clock, for sending and recei vi ng data
via the system bus; and a processor, coupl_ed to the system bus and

~responsive to a first clock having a frequency substantially QP tines the
second clock, wherein Qand P are integers having predefernm ned val ues and
Pis less than QAnfaﬁpal‘égéé&!tSV?F@IQ“ﬁEﬂY H§?%W}Et“b(94? S STUICRY RSN @k ei vi ng

data viat h?hf?ey ent rrgqltggn%xes Ehgt have a P/Q integer ratio relanonshxp The apparatus allows

one or more device(s) operating at 2 high frequency to synchronously exchange data
with one or more device(s) operating at a low frequency. The low and high
frequencies have a P/Q integer ratio relationship of:

low frequency = (P/Q) X high frequency;
where P and Q represent integer values, P is less than Q_, and Q is not necessary'gn
integer multiple of P. A P/Q clock geﬁerator generates one or both of the high and low
frequency clocks according to the P/Q frequency ratio. An interface controller receives
the high frequency clock and the P and Q values as inputs and generates a high-to-low
darta transfer signal for enabling data transfers from high frequency" to low frequency
devices. The interface controller also generates a low-to-high frequency data transfer
signal for enabling data transfers from low to high frequency devices. The data
transfer signals may be used to latch or qualify transfer data during transfer across
frequency boundaries. The data transfer signals indicate safe times, or windoWs, for
transferring data across frequency boundaries. A safe time for transferring data across
a frequency boundary is a high frequency clock period where the traﬁsfer data is stable

and the receiving device can receive the data.

(Figure 1)
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processor having an apparatus for providing synchronous dat a t r4H&#¥s®Y on
‘bet ween t he_processer—and—the | ow frequency device, the apparatus
fncluding: REPLACEMENT S 22 AUG 1998 -31 - a phase detector, coupled
1o receive aﬂwmm m“t he first and second cl ocks, and being
configured t signal to indicate an occurrence of a

pr edet er nmi ned phase rel ati onshi p of ths first and second cl ocks; an

interfade controller, coupled to recéi & and responsive to the sync signal
and the [first clock, configured to generate a first transfer signal during
a first |safe transfer w ndow according to P and Q a data qualifier coupled

to receilve the first transfer signal CLA&YSbei ng configured to provide
synchrornjous transm ssion and reception of data

1. An apparatus for use with a high frequency device which
operates according to a high frequency clock and also for use with a low
frequency device which operates according to a low frequency clock having a
frequency substanﬁilly P/Q times the high frequency clock, wherein P and Q
are integers having predetermined values and P is less than Q, the apparatus

comprising:

means for detecting an occurrence of a predetermined phase
relationship of the high and low frequency clocks, and for asserting a sync
signal in response to the occurrence of the predetermined phase relationship;

means, coupled to receive and responsive to the sync signal and the
- high frequency clock, for generating a first transfer signal indicating a safe
transfer window according to P and Q and the occurrence of the

predetermined phase relationship;

means, coupled to receive and responsive to the first transfer signal, for
providing synchronous transmission and reception of data between the high

and low frequency devices; and

means, coupled to the first transfer signal generating means, for
switching Q between a first plurality of values, and wherein the determining

means and the first transfer signal generating means are operable for Q being

any of the first plurality of values.
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bet ween
‘transfer

t-he—‘prcrcvs*s*crr—and“rhe | ow frequency device in response to the first

SI Iector coupled to the interface controller for
Swi tching m m plurality of values, wherein the phase detector

“and i nt nrf

plurali
predete

e operabl e f§r Q being any of the first
y of val ues. The corrputer ystem of Claim 17 wherein the
m ned phase reI at lonship is a substantially coincident edge of the

first aTd second clocks. 19. A method for transferring data bet ween a hi gh

frequen
| ow freq
havi ng &
wher ei n

ﬁeg§;I giv\l/\kgl h opergégfqaccordl na to a hlsgq%%; e{ C'lyolg:( gEd a
o et sl A Bh egiene 56k e S dud U Hkoferilts

stable and the device receiving the data is capable of receiving the data.

3. The apparatus of Claim 2 wherein the predetermined phase
relationship is a substantially coincident edge of the high and low frequency
clocks.

4.  An apparatus for use with a high frequency device which
operates according to a high frequency clock and also for use with a low
frequency device which operates according to a low frequency clock having a
frequency substantially P/Q times the high frequency clock, wherein P and Q
are integers having predetermined values and wherein P is less than Q and Q

is not an integer multiple of P, the apparatus comprising:

means for detecting an cccurrence of substantially coincident edges of
_the high and low frequency clocks, and for asserting an occurrence signal in

response to the occurrence of the substantially coincident edges;

means, coupled to receive and responsive to the occurrence signal and
the high frequency clock, for generating a first transfer signal duzing a safe
transfer window according to P and Q and the occurrence of the substantially
coincident edges, wherein the safe transfer window is at least one period of

the high frequency clock when the data to be transferred is stable and the

device receiving the data is capable of receiving the data; and
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- 32- integershaving-predeterm ned values and P is |less than Q the nethod
tonprising the StﬂFﬁs of: switching Qfromone of a first plurality of

val ues to ﬁmﬂﬂﬂ U “l he first plurality of values; detecting an
Odccurrence _ ed phase rg;feationshi p of the high and | ow
frequency clocks Tor said second on€ the first plurality of val ues;
asserting an occurrence signal in response to the occurrence of the
predeteﬂm’ ned phase rel ationship; responsive to the high frequency clock
and to tthe assertion of the occurrence signal, generating a first transfer
signal dquring ameahs couplet tr reteiveéand cesposisive toothe firstl tranafien signal, for
occurrerce of the predeterm ned phase relationship for said _second one of
the firdt providing uscmansferiof datrofrony ene efithe high anddewnster signal ,
provi di rjg nchrongus transm ssi on and reception of data between the high
and | owl|f rééﬂﬂé?‘w Fece the otfer.

5. The apparatus for Claim 4 further comprising:

- means, coupled to the first transfer signal generating means, for
selecting the values of P and Q.

6. The apparatus of Claim 5 wherein the P and Q selector means
comprises programmable pins of the apparatus.

7. The apparatus of Claim 5 wherein the P and Q selector means
comprises a register of the apparatus.

8. The apparatus of Claim 4 wherein the first transfer signai

generator means includes:

.+ counter means for generating a count value responsive to the high
frequency clock and for resetting the count value to 2 predetermined count
value responsive to the assertion of the occurrence signal by the detecting

means; and
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20. The nethod of Caim19 further conprising the step of: synchronously
transf erring the—data from one of the high and | ow frequency devices to the

oOther during the fij sfer signal. REPLACEMENT SHEET 2 2 AUG 1998

21. The il\wr“ﬂ““ﬁg“}{m ‘wher ein themﬁgfg transfer window is at |east
one period requency cl ock "W#én"the data to be transferred is.
stabl e and t’he device receivi ng the data is capable of receiving the data.
22. ThE met hod of Claim 19 wherein the predeterm ned phase relationship is

a substantially coincident edge of the high and | ow frequency cl ocks.
REPLACEVENT  decodesyeans; coupied totiw counter means, for decoding the count

value and the values of P and Q and for generating the first transfer signal

according to predetermined combinations of P and Q and the count value.

9. An apparatus for use with a first device and a second device
which respectively operate dccording to a first clock having a first frequency
and a second clock having a second frequency substantially equal to P/Q times
the first frequency, wherein P and Q are integers having predetermined
values and P is less than Q, the apparatus comprising:

a phase detector, coupled to receive and responsive to the first and
second clocks, that generates an occurrence signal to indicate an occurrence of
a predetermined phase relationship of the first and second clocks;

an interface controller, coupled to receive and responsive to the
occurrence signal and the first clock, that generates a first transfer signal
during a first safe transfer window according to P and Q and the occurrence of

the predetermined phase relatonship;

a data qualifier, coupled to receive the first transfer signal, that
provides synchronous transmission and reception of data between the first
and second devices in response to the generation of the first transfer signal;

and

a Q selector, coupled to the interface controller, configured to switch Q
between a first plurality of values, wherein the phase detector and the
interface controller are operable for Q being any one of the first plurality of

values.
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*C L MMconputer system of C aim49 wherein the first

‘safe transfﬁ ' ' t | east one period of the first clock when the
Processor p !"mmyﬂwmyﬂ”rst data and the | ow frequency device is-
‘capabl e of récefving iWst data, tpeggnierface controller also for
generating a second transfer signal during a second safe transfer w ndow,
wherein the second safe transfer windowis at |east one period of the first
cl ock when the | ow frequency device provi des stable second data and the
processpr is capable of receiving the second data. 55. The conput er
systempf C aim54 wherein the data qualifier for providing synchronous
transfefr of data fromthe processor to the | ow frequency device in response
to the first transfer signal and providing synchronous transfer of data

fromthe | ow f ggque | VJ ' o the
second [ransf e?'G'si g?g?.(.agﬁix‘.aﬁfs #ﬁg%ng%aggééﬁ%?gﬁ%?gﬁg\%ﬁ&%i n the
I nterfafeac Akt he Périod of the first clock when the data to be transferred is stable

and the device receiving the data is capable of receiving the data.

11. The apparatus of Claim 9 wherein the predetermined phase
relationship is a substantially coincident edge of the first and second clocks.

12.  Anapparatus for use with a first device and a second device
which respectively operate according to a first clock having a first frequency
and a second clock having 2 second frequency substantially equal to P/Q times
the first frequency, wherein P and Q are integers having predetermined
values and wherein P is less than Q and Q is not an integer multiple of P, the
apparatus comprising:

a phase detector, coupled to receive and responsive to the first and
second docks, that generates a sync signal to indicate an occurrence of
substantially coincident edges of the first and second clocks;

an interface controller, coupled to receive and responsive to the sync
signal and the first clock, that generates a first transfer signal during a first safe
transfer window according to P and Q, wherein the first safe transfer window
~ is at least one period of the first clock when the data to be transferred is stable

and the device receiving the data is capable of receiving the data; and
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I ncl udes:_a_c;ngi_eL_i_aL_generati ng a count value responsive to the first

clock and resetting the count value to a predeterm ned count val ue

Tespons H ignal; and a decoder, coupled to the counter, for
decodi nU! mml‘umm;ﬁm and the val ues .ofgP_.and Q and generating the first
transfer “si gnat dccdrding to first predetern ned conbinations of P and Q

and the count value and generating the second transfer signal according to
secondypredet erm ned conbi nations of P and Q and the count val ue. 57. The

. conmput ¢r syst PIAIS) ek@gp | Sk : C enerator for
“generating th?ylg{ras@%g?r'sg%&cﬁ%&gﬁgc S a&%&%%ﬁs@r&@% . This Sheet Has
Been - providesSémchrdmsusCRaRifee bt dufal RBhPbn&orithe Bestidnd bon@onprising: a

P/ Q cl ¢cK generat'or, responsive to the first clock, for generating the
second| devices to the other in response to the generation of the first transfer signal.

13.  The apparatus of Claim 12 further comprising:

a P selector, coupled to the interface controller, that selects the value of
P;and

a Q selector, coupled to the interface controller, that selects the value of

14. The apparatus of Claim 12 wherein the interface controller is
configured to generate a second transfer signal during a second safe transfer
window, wherein the second safe transfer window is at least one period of the
first clock when the second device provides stable second data and the first

device is capable of receiving the second data.

15. The apparatus of Claim 14 wherein the data qualifier provides
synchronous transfer of data from the first device to the second device in
fesponse to the generation of the first transfer signal and provides
synchronous transfer of data from the second device to the first device in

response to the generation of the second transfer signal.
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cl ock according . The conputer systemof C aim56 further

‘conpr|5| enerator responsive to the second cl ock, for
generat | m , m K accor di ng to P and Q 60.. . The conputer system
‘of daim / Q cl ock generatgy J ncl udes: a frequency divider,

responsive to the second clock, for generating a third signal having a
frequemncy substantially equal to (second clock)/P; and a phase-| ocked | oop,
responiive to the third signal, for generating the first clock
substanptially QP times the frequency of the | ow frequency cl ock. 61. A

nmet hod |f or tranéf er The@pgatatubf\Elaimal 2nwihbrdin ehie ¢meyfade coatroller ch oper at es
accordifng to a high frequency clock and a | ow frequency devi ce which

oper at ¢s amcludds:ing to a | ow frequency clock having a frequency
substantially P/Qtimes the high frequency clock, wherein P and Q are

I nt egens havi ng predeterm ned val ues, the nethod co I.Sing the steps of:
i ndi catli ng a pPSoNDEs n‘?‘ﬁb&%@ 2 gpuni Sﬂgﬁlrﬁsm‘fﬁan&]ﬁ@hﬁféﬁﬁlqﬁg equency

cl ocks; resets the count value to a predetermined count value responsive to the

generation of the sync signal; and

a decoder, coupled to the countey, that decodes the count value and the
values of P and Q and generates the first transfer signal according to first
predetermined combinations of P and Q and the count value and generates
the second transfer signal according to second predetermined combinations of
P and Q and the count value.

17. A computer system comprising:
a system bus for providing a communication interface;

a low frequency device, coupled to the system bus and responsive to a

second clock, for sending and receiving data via the system bus; and

a processor, coupled to the system bus and responsive to a first clock
having a frequency substantially Q/P times the second clock, wherein Q and P
are integers having predetermined values and P is less than Q, for executing
the instructions and sending and receiving data via the system bus, the

- processor having an apparatus for providing synchronous data transmission

between the processor and the low frequency device, the apparatus including:
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respons
~during
Phase r
*synchro
1o the
nmet hod
transfe
ot her d
wher ei n

ive to the high frequency clock, generating a first transfer signal

safe | according to P and Q and the predeterm ned

el ati Hmm[}m[mnHEmHnm ve to the first transfer signal, providing
nous transfer df datd from one of _the high and | ow frequency devices
ot her. This Sheet Has Been Repl ac - *C L M S - 36 - 62. The
pf Claim 61 further conprising the step of: synchronously

'ring the data fromone of the high and | ow frequency devices to the

uring the first transfer signal. 63. The nethod of C aim 62
a saf ea phases fletector,ncbupled tatredeivs and mesporsivectochetfirst amdih f r equency

clock when the data to_be-transferred is stable and the device receiving

t he dat

L sesopgd . 3nd peing; configured to generate a sync signal to indicate an
occurrerce of a predetermined phase relationship of the first and second
clocks;

an interface controller, coupled to receive and responsive to the sync
signal and the first clock, configured to generate a first transfer signal during a
fixst safe transfer window according toPand Q

a data qualifier coupled to receive the first transfer signal, and being
configured to provide synchronous transmission and reception of data

between the processor and the low frequency device in response to the first
transfer signal; and

a Q selector coupled to the interface controller for switching Q between
a first plurality of values, wherein the phase detector and interface controller
are operable for Q being any of the first plurality of values.

18.  The computer system of Claim 17 wherein the predetermined
phase relationship is a substantially coincident edge of the first and second
clocks.

19. A method for transferring data between a high frequency device
which operates according to a high frequency clock and a low frequency
device which operates according to a low frequency clock having a frequency
substantially P/Q times the high frequency clock, wherein P and Q are
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64 The—ethed—of—C-al-m-63 wherein the predeterm ned phase rel ationship
Is a substantlal I c0| nci dent edge of the high and I ow frequency clocks.

'65 The wll llﬂmgl 4 vvherel n Pis less than Qand Qis not-an

d nt eger The apparatys of Claim65 wherein the first

g ransfer 5| gna generat| ng step conprises the steps of: generating a count
val ue responS|ve to the high frequency clock and resetting the count val ue
to a pfedeternined count val ue responsive to the predetermni ned phase

rel ati ¢gnshi p; decodl ng the count value and the values of P and Q

gener af]i rigtegees a\ﬂsg predetermined yahiesagubPds desstthap Qdeanethodd

conbi ngtions qf, P and Q and the count value. 67. The nethod of C ai m 66
furt her MWEéﬁFﬁ?%t@p of : responsive to the | ow frequency cl ock,
gener atji ng the high frequency clock according to P and Q This Sheet Has

Been Rypl aced switching Q from one of a first plurality of values to a second one of
the first plurality of values;

detecting an occurrence of a predetermined phase relationship of the
high and low frequency clocks for said second one of the first plurality of

values;

asserting an occurrence signal in response to the occurrence of the

predetermined phase relationship;

responsive to the high frequency clock and to the assertion of the
occurrence signal, generating a first transfer signal during a safe transfer
window according to P and Q and the occurrence of the predetermined phase
relationship for said second one of the first plurality of values; and

responsive to the first transfer signal, providing synchronous
transmission and reception of data between the high and low frequency

devices.

20. The method of Claim 19 further comprising the step of:

synchronously transferring the data from one of the high and low

frequency devices to the other during the first transfer signal.
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2l. The method of Claim 19 wherein the safe transfer window is at
least one period of the high frequency clock when the data to be transferred is.
stable and the device receiving the data is capable of receiving the data.

22. The method of Claim 19 wherein the predetermined phase
relationship is a substantially coincident edge of the high and low frequency
clocks.
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