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-1- DI STRI BU ED CLOCK SI GNAL AND CLOCK SI GNAL | NI ERUPT BACKGROUND COF THE

| NVENTION (1) Field of the Invention The present inventi on?éb&m‘go’egﬂe
fi*rel d of m croprocessor..architecture and | ayout. Specifically, r nt
invention relates to 5 the technology of clock signal distri but‘i;gg c

t hroughbut a m croprocessor device. (2) Prior Art 10 Conmp s ob

an integrated circuit operate based on the_yim ng and pul sing of clock P7
signal s which provide a reference ?oi nt or activation signal for circuit :
activity and proced¥iSERIBUTHR GPEE 0 IGHAINAND 41K SEGWALJ YEThi ng or

al i gnment r ef e BATGRGRIOUND OF INVENTIONt s adopt when steppi ng through
their respective processing 1 5 tasks. It is inportant that the clocking
signal s be predictabply aFigldoof dke krvtngionh t hat processi ng and execution
by circuit conponents are acconplished in synchronization. M croprocessor
integrated circuit Tbeipresent iinvention syelates to b field hofomaicrapeocessathg and

pul sing to drive the vari ogs el ement§' an proceﬁsi ng of the |
: architecture and layout. Specifically, the present invention relates to

5 . the technology of clock signal distribution throughout a

microprocessor device.
(2) Prior Art

10 Components of an integfated circuit operate based on the
timing and pulsing of clock signals which provide a reference point
or activation signal for circuit actiﬁity and processing. The clock
signal also provides a timing or alignment reference which different
circuits adopt when stepping through their respective processing

15 tasks. It is important that the clocking signals be predictable and not
delayed such that processing and execution by circuit components
are accomplished in synchronization. Microprocessor integrated
circuit devices utilize a system clock which provides timing and
pulsing to drive the various elements and processing of the »

20 microprocessor. It is vital to the operation of a microprocessor that
the system clock be supplied uniformly to all components of the

- microprocessor with minimal clock skew and minimal clock delay.
Each system component should rececive the same clock signal, in
synchronization, with all other components.

25

Throughout the folloWing discussions, reference is made to

clock delay and clock skew. Clock delay refers to the timing delay
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20 mcroprocessor. It is vital to the operation of a m croprocessor that
the system clock be supplied uniformy to all conponents of the
m*croprocessor with mninmal clock skew and m ni mal cl ock delay. Each system
conponent shoul d receive the sanme clock signal, in synchronization, with

all other conponents. 25 Throughout the follow ng discussions, reference is
made to clock delay and clock skew. O ockqdelay refers to the timng delay
-2- between a clock signal within an integrated circuit to the system

cl ock. C ock skew, on the other hand, refers to the variations between

clock del ays beaﬁééﬁa&%dktdi%ﬂﬂr witfinP b NiReflatéd difdi0o! ek Gystamt . Wil e
it may be physically inpossible to totally elimnate 5 clock elay, it is

not inpossi bictodke nBlock tkew, dnl dhe athas hande refvrs reo thé aariations el ininate
cl'ock skew to various circuit conmponents. To this extent, two points wthin
an int egr at edbetweenii¢clockydelaye associated with various points of an integrated

circuit. While it may be physically impossible to totally eliminate

5 clock delay, it is not impossible to match this delay across the entire

IC and thus eliminate clock skew to various circuit components. To

this extent, two points within an integrated circuit may have equal

clock delays, but no clock skew between them. Therefore, it would

be advantageous to match clock delays for all circuit components and

10 thus eliminate clock skew within an IC; the present invention offers

such a solution.

As microprocessor integrated devices use faster and faster
clock speeds, variations in the topology of the microprocessor device
15 may introduce delay or error factors within the metal lines that
carry and propagate the clock signal. As the clock signal pulse
becomes narrower, these clock signal variations become significant in
modern microprocessor design. These factors contribute to
propagation errors within the clock signals and will act to delay the
20 clock signals as they are distributed to the various components of the
 microprocessor. Resistance within the clock line and capacitance on
the clock line will create RC skews as the clock signal propagates.
Also, other discontinuities within the circuit topology of the
microprocessor will add to the propagation error of the clock signal,
25 such as differences in thickness of the components that surround the
clock line which introduce vanable diclectric values to the signal

lines (such as dielectric thickness variations within the insulating
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cl ock del ays, but no clock skew between them Therefore, it would be
advant ageous to match clock delays for all circuit conponents and 10 thus
el'i m nate cl ock skew wi-thin an I C, the present invention offers such a
solution. As mcroprocessor integrated devices use faster and faster clock
speeds, variations in the topology of the m croprocessor device 1 5 nmay

I ntroduce delay or error factors within thegnmetal lines that carry and
propagate the clock signal. As the clock signal pul se becones narrower,

t hese cl ock .signal variations becone significant in nodern m croprocessor

design. These [ag6ets)! S Tituder divlédtrico variapionst will eon@ibute tdithe t dipacitanke
signals and will act to delay the 20 <clock signals as they are distributed

to the vari ousofc drpcheck sigwal tliresti What dés elesined 8eai schemee toviprovidet aH

clock line and capacitance on the clock line will create RC skews as the

cl ock signal peappoaenss. of\l the, micreprogessosnwithii a | synchiremizadt ard cideatical

t opol ogy- of- the m croprocessor, wll add to the propagation, error qof the

clock signal, ¢lock sigaal eves iR cPUGEQPIOCESSOR 6‘1&%«5@5?“813 A¥ing, GOMAAKs t hat

surround the cl octpl.i ne, whi ch i ntrodu& var,J abl e dielectric yalues to the
C

signal |inds (OROHSIES shaying: Femplex ﬁé%“s“"‘&aﬁ’?‘ﬁ‘ﬂ‘n?% #1985 n i nsul ating

Several prior art methods have been implemented in order to

provide components of a microprocessor integrated device with a
clock. Figure 1A illustrates one such prior art method wherein a

10 signal driver is used to supply a clock signal to all of the components
of a microprocessor device. A microprocessor integrated circuit
device 10 is illustrated such that its top. metal processing layer is
facing upward. Within this top metal layer is a connection point
from a clock driver 12 which drives the microprocessor clock. The

15 system clock is usually input from outside the chip by an oscillator
network or circuit. The clock oscillator is then driven by the clock
driver 12. The driver is coupled to a very wide line 14a which is
then coupled throughout the microprocessor device in a tree or
branch scheme as shown. Different components of the

20 microprocessor will then couple to the branchihg structure at
different points as needed to gain access to the supplied clock signal.
As shown, the branchings of the tree 14b and 14c are less in width
than the initial line 14a which is coupled directly to the driver 12.
The line coupled directly to the driver must be wider in order to

25 carmry the entire clock signal throughout the cqmponentls of the

microprocessor device 10.



-3 - layers). These dielectric variations will contribute to the
capaci tance of the clock signal lines. What is desired is a schene to
provi de all conponents. of the m croprocessor with a synchroni zed and
i dentical clock signal even in mcroprocessor architecture having conplex 5
t opol ogi es havi ng conplex dielectric variations across them Several prior
art nethods have been inplenented in ordet44o provide conmponents of a
m croprocessor integrated device with a clock. Figure 1A illustrates one
such prior art nethod wherein a 10 signal driver is used to supply a clock
signal to all of tBecausepmrsingle olock drivenph deswilizedhycthe prior aft
m croprocessor integrated ciycuit devjce 10 is ilJlustrated such thatai@?

S
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&Sgiclkl ator nette\éﬁﬁ%(qu%r u(f‘i.hirz(e:éJ ig 'hig Cofirdft dfer | 3t s bSsitdftodfddifR Bhe the
5 resistance of the line 14a by increasing its width to reduce to total RC
component of the line. Resistance within the clock driver lines 14a,
14b, and 14c, is a function of the length of the signal line between a
point and the driver. Signal skew is a function of the resistance and
capacitance (RC) of the line. When the signal lines are relatively
10 small, the proportional increase in line capacitance will not equal the
proportional decrease in resistance upon widening the line 14a,
therefore, the overall RC product will decrease upon widening 14a.
However, by decreasing the resistance, the driver size must increase
to supply additional current to the clock line. An increase of power
15 is used to decrease clock skew. This high power driver may create
an excessive amount of noise associated with the clock signal. Under
this system, the signal lines 14a are widened to lower resistance,
which requires relatively higher power clock drivers; all of the above
done in an effort to reduce the signal skew.
20 | |
Because the length of the signal lines are long in the prior art
method of Figure 1A, the skew associated with the clock signal of this
method is very great and not predictable from component to
component. In larger microprocessors, this skew can approach 1.0
25 nanosecond in degree. This is an unacceptable level of skew in
modern computers that operate at speeds well in excess of 50

megahertz. Also, the variable widths of the signal line (i.e., from



driver 12. The driver is coupled to a very wide line 14a which is then
coupl ed throughout the mcroprocessor device in a tree or branch scheme as
shown. Different conpanents of the 20. mcroprocessor will then couple to
the branching structure at different points as needed to gain access to the
supplied clock signal. As shown, the branchings of the tree 14b and 14c are
less in wdth than the initial line 14a whtch is coupled directly to the
driver 12. The line coupled directly to the driver nust be w der in order

to 25 carry ] 0 ' ok h : i t
P ol B 9 el 1A baubIbE g rone il e

m croprocessor devi ce -4- 12 is

utilized by th fhel Qigriil! deRvéred ehrdughiowt i Umicropricessde Mntdopendhip. it

nmust be a very high power driver, but this is not the only reason why this |
prior art teclyni thee lerigthi gshe digadl timer erThetefore; .thist priordarti teeliniquer educe

the 5 resi stance of the line 14a by increasing its wdth to reduce to
total RC requires a high power (and therefore noisy) clock driver and has a

5 .corresponding large amount of variable skew associated with the
‘clock signal. What is needed is .ar.clock distribution system that
reduces the amount of skew within the clock signal supplied
throughout the microprocessor without relying on high power
drivers. | The present invention offers such capability.

10

Figure 1B illustrates another prior art clock supply

implementation that utilizes several different current drivers 17a-
17d which each receive the same clock signal input. The outputs of
each driver are then coupled to a separate circuit block within the

15 microprocessor. For example, driver 17a is coupled to block 15a, and
17b to block 15b and so on such that each block 15a-15d receives its
clock signal by a separate driver of 17a-17d respectively. The
widths of each of these lines are controlled such that they are
constant. Also the leﬁgth of each line is controlled such that each line

20 -has the same iength. Since the components 15a-15d are locatéd at
different distances to the clock generators, the lines 18, 19, 20, and
21 are doubled back in some areas to maintain the constant distance.
For example line 18 has a few double back running lines so that line
18 will be equal in length to line 19, etc. The longest line 21 has no

25 doubling back and will determine the length for all the other clock
lines. In so doing, the microprocessor device 10 of this desigh will

deliver a clock signal to each component. This system is able to



conponent of the line. Resistance within the clock driver |ines 14a, 14b,
and 14c, is a function of the length of the signal |ine between a point and
the driver. Signal skewis a function of the resistance and capacitance
(RC) of the line. Wen the signal lines are relatively 10 - small, the
proportional increase in |ine capacitance will not equal the proportional
decrease in resistance upon widening the |line 14a, thefefore, the overal

RC product will decrease upon w dening 14a:6t+owever, by decreasing the

resi stance, the driver size nust increase to supply additional current to

the clock line. An increase of power 1 I s.used to decrgase cl ock skew.
Thi s hi gh powehtitize dawer Power,dEivers ei?ﬂé‘éiﬂvge%ﬂiﬁnﬁh%fhﬂ?ﬁ A SRZHCRt ed

with the clock signal. Under this syst the signal |jnes.14a are,w dened
to | ower resi s?%‘ir Fr‘?/\/rﬂrEhmroéﬁuﬁp@g@ewFFv& ﬂs‘ﬁ?&ﬁ‘éﬁ’ %\A@lo"é §t80&k; | vers:
all of the above done in an effort to reduce the signal skew. 20 Because

the length of the signal lines are long in the prior art nmethod of Figure
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this skew gan pksklebit Gt offers several disadvantages. First, it may not be
possible to maintain constant width for each of the lines 18-21 over
the entire signal line from the clock drivers to the components. Also,
each of the lines will cross over and under different circuit topologies
of the microprocessor which will alter the effective capacitance of the

10 overall line. Uncontrollable differences in the manufacture of the

signal lines in the processiﬁg stages of the microprocessor will effect
the thickness of the dielectric of these lines up to 20 percent which
will.effect the capacitance of these lines and therefore contribute to
topological mismatch. Although these variations may exist within all

15 designs, this prior art system does not account for them in the most

advantageous manner.

In summary, it may not be possible to match the .capacitance
values and resistance values of the clock signal lines over the entire
20 topology of the integrated microprocessor device 10. These
variations in the resistance and capacitance of the clock signal lines
18-21 will create unwanted signal skew within the clock signals
supplied to the components of the microprocessor. Therefore,
differences in dielectric values and processing irregularities may
25 render this prior art method unachievable. What is desired is a
system that can supply a relatively constant and predictable clock

signal to all of the components of a microprocessor: regardless' of



25 nanosecond in degree. This is an unacceptable |evel of skew in nodem
conputers that operate at speeds well in excess of 50 negahertz. Al so, the
vari able widths of the-signal line (i.e., from -5 - very wide at 14a to
smal | er at 14c) contribute to nore variable skew in the signal delivered

t hroughout the m croprocessor 10 depending on the | ength of the signal
line. Therefore, this prior art technique'ﬂéquires a high power (and

t herefore noisy) clock driver and has a 5 corresponding | arge anmount of
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illustrates another prior art clock supply |nplenentat|on t hat utlllzes
several different current drivers 17a-

A third prior art design is illustrated in Figure.1C. With this

5 system, many clock drivers 21 are situated in the center strip of the
microprocessor 10 and supply clock signals outward horizontally to
the right and left sides across the topology of the chip utilizing a
horizontal signal line for each driver. The drivers 21 are distributed
across the entire dimension of the microprocessor. The maximum

10 length of each horizontal driver line is half the length of the
microprocessor chip. Various circuit components 24 and 25 will tap
into these clock signals where the drivers supply the illustrated
horizontal clock signal lines. Each of the clock drivers are supplied
with power via a power line 23 which is coupled to the outer portion

15 of the chip where the power pads 28 are located. Each of the drivers
21 must be coupled to power. The initial clock signal is fed to the
drivers 21 via the center strip of the microprocessor device 10. This

prior art method is a distributed clock scheme.

20 The prior art method of Figure 1C is disadvantageous because
the clock drivers 21, and associated logic to initially bring the
clocking signal to the drivers, will consume excessive amounts of
circuit space within the center strip. of the microprocessor. It would
be advantageous to utilize this space (real estate) of the

25 microprocessor for other purposes than just a clock supply function.
Furthermore, because the drivers 21 are located far away from the

power pads 28 of the chip (located on the edges), large power supply



17d whi ch® each receive the same clock signal input. The outputs of each
driver are then coupled to a separate circuit block within the 1 5

m croprocessor. For exanple, driver 17a is coupled to block 15a, and 17b to
bl ock 15b and so. on such that each bl ock 15a-15d receives its clock signa
by a separate driver of 17a-17d respectively. The w dths of each of these
lines are controlled such that they are cdrstant. Al so the | ength of each
line is controlled such that each line 20 has the sane length. Since the -
conponents 15a-15d are | ocated at different dig&gnces to t

ge_ne{ a_torts',h t Haes {%?n!éﬁ :’EQ‘,I‘CQEI::OT Anto, thigy }géhr:ﬂaé'lipﬁgf g’b"hedl ,OC YeIss to
mai ntain the constant di stange. ' .

running |i nesfgowf aPOMehe %’%ﬁ%@éggﬁéﬂ%ckﬁgﬁeﬁéphﬁ%&l F‘%ﬁ %&wéefc?aslzﬁe
ngest 11 4 1o i3 2 exclile, TR oF Wbl Nl 3581 SN | ont 10

all the other n so dolng, the mcroprocessor device 10 of

02 o b o o s et s prolary o
smaller 5  operating speeds (more resistance yields more noise associated with
the power line due to IR noise). Therefore, what is needed is a
system for supplying a synchronized clock signal throughout a
microprocessor that does not consume valuable circuit space
(especially circuit space within the mid sections of the topology
10 which is regarded at a premium) and also that does not generate an
excessive amount of noise within the microprocessor. The present

invention offers such advantageous functions.

Furthermore, regarding the clock distribution system, it would
15 be advantageous to be able to interrupt the clock signal that supplies
the microprocessor device. In certain applications, especially within
laptop systems, it is advantageous to conserve power by reducing the
clock pulses supplied to the microprocessor. Prior art systems have
been developed that control the clock signal that supplies the entire
20 microprocessor but not indi_vidual components within the
microprocessor. However, it would be advantageous to be able to
selectively control the application of the clock signal to various
components of the microprocessor independently. It would be
advantageous to be able to selectiveiy interrupt the clock signal to
25 some microprocessor components while allowing others to operate
normally so as to perform' power management functions within the

-microprocessor device. The present invention allows such capability.



and there are nore separate lines to distribute the clock signal. In theory
this prior art design of Figure 1B appears to be 5 wor kabl e but it offers
several disadvantages. - First, it nmay not be possible to nmintain constant
width for each of the Iines 18-21 over the entire signal line fromthe
clock drivers to the conponents. Al so, each of the lines will cross over
and under different circuit topologies of -One m cr opr ocessor which wil |
alter the effective capacitance of the 10 overall line. Uncontrollable
differences in the manufacture of the signal lines in the processing stages
of the mcroprocessor will effect the thickness of the dielectric of these

°! o | eor g . ol g
ther of or e cont | bur e ePhiReER Ifis, aF' bFes off oRERRELHE Yiiellioh 16 Betek 0 T
exi st within Q!lbcl@?\}lgﬁfygig%'g&mtw ﬁaravi&r a25{nSHONBT A8k "Ggngrcount for

themin the nost a us manrier. In su ry, it may not be possible to
nmat ch the capabiéghontVveiie aomponemsi of aancintegiated microprocdssok deévdoa!
| ines over the entire 20 t opol ogy of the integrated m croprocessor device
10. TheseSvarwithi misimal sigaal skewt andedistortiompacltt isnferthér @aheobject kofsi gnal
lines 18-21 will create unwanted signal skew within the clock signals

the present invention to provide a distributed clock system that does

not consume valuable circuit space of the microprocessor that can be
used for other advantageous .pﬁrposes. It is further an object of the
present invention to provide the above functions in a system that

10 does not utilize relatively long high power lines and therefore that
does not generate an excessive amount of signal noise associated
with the clock signal. It is also a function of the present invention to
provide the above in a system wherein the clock driver units of the
distributed system can be individually disabled so that clocking

15 signals can be temporarily suspend to individual circuit components
of the micéoprocessor device for power management functions.
These and other objects of the present invention not specifically
mentioned herein will become clear upon review of the discussion of

the present invention to follow.



supplied to the conponents of the m croprocessor. Therefore, differences in
dielectric values and processing irregularities may 25 render this prior
art method unachi evable. What is desired is a systemthat can supply a
relatively constant and predictable clock signal to all of the conponents

of a m croprocessor regardless of -7 - topol ogy and processing
vari ations throughout the m croprocessor _g@ui ce. The present invention
of fers such capability. Athird prior art design is illustrated in Figure

1C. Wth this 5 system many clock drivers 21 are situated in the center
strip of the SUMMARY { NVYENTIODD! v cl ock signals outward

hori zontally to the right and teft sides across the topol ogy of the chip
utilizing a hori zoBmbodiingnts ofi the fpresemdcinvention includedni clock 21 are

di stributed across the entire dimension of the m croprocessor. The maxi mum
10 length of distdhutioni systemn amdi \cdock | indesryphasysteme fordp nindegrated

m croprocessor, chj p.. Varioys circuif. conponents 24 and.25 will fa
P circuitpdewce. lignonng e}fectsngssocriated with the matchec} ﬁages,

5 the present invention includes a clock distribution and interrupt
system for providing clock signals with less than 100 picoseconds of
skew to various components of an integrated circuit device.
Considering the effects of the matched input stages, the above value
may approach 300 picoseconds due to processing imperfections and

10 imperfections associated with the matching input stages. The
present invention utilizes several stages of drivers to evenly supply
the distributed clock signals and each stage has RC matched input
lines. The present invention advantageously locates the matched
stages and clock drivers within the power supply ring of thé

15 integrated circuit located on the periphery of the microprocessor
topology. This is done in order to better predict the topology
surrounding these lines to match the capacitance of these lines.
Furthér, this metal level offers a larger width dimension line (since
as a top layer it may be thicker) having less resistance per unit area

20 and also generally avoids spatial competition with other IC
components and circuitry. The present invention additionally offers
the capability of selectively powering down various components
within the integrated device with a power management unit and
enable network that is included within the clock distribution system.

25

Specifically, an embodiment of the present invention is

described in an integrated circuit having a plurality of circuit



into these clock signals where the drivers supply the illustrated

hori zontal clock signal |ines. Each of the clock drivers are supplied with
power via a power |ine-23 which is coupled to the outer portion 1 5 of the
chip where the power pads 28 are |l ocated. Each of the drivers 21 nust be
coupled to power. The initial clock signal jis fed to the drivers 21 via the
center strip of the m croprocessor devicélfOi This prior art nethod is a

di stributed clock schenme. 20 The prior art method of Figure 1Cis

i 1oy br i RAERGEHRC ab7aCSREK. RepKAiGr o aR" SRR fof Rippting |

anounts of ci LCH b b I i t Gl BPT, or. It
woul d be_ advai ERaaRERE HichrOubily IGEL Mghils R the BErdlly; OF ARSEE
m Croprocessokg nehieT they W@lﬁﬂﬁ{t BANsynthrofols W16ck UPigndld YBfdrefifed
Furthernore, because the drivers 21 arée |located far away fromthe power
pads 28 -of thérarhi the( lchsek eeneratbhecieciges the | apeamswiiclading:ya pluralies 23
must be incorporated into this design to supply the drivers

of global clock driver means uniformly disposed along a periphery of

-

the integrated circuit, the plurality of global clock driver means for
generating a plurality of synchronous clock signals; and a plurality of
feeder means, each feeder means coupled to a global clock driver
means, the plurality of feeder means for supplying the plurality of

10 synchronous clock signals from the periphery of .the integrated
circuit to the plurality of circuit components of the integrated circuit.
An embodiment of the present invention includes the above and
further including power cell means disposed along edges of the
integrated circuit, the power cell means for providing spatial areas

15 within the integrated circuit for coupling the integrated circuit to a
power source and wherein the global clock driver means are

disposed within the power cell means of the integrated circuit.

An embodiment of the present invention is described in a
20 microprocessor having a plurality of circuit components, an
apparatus for .power management of the microprocessor, the
apparatus including: a plurality of global clock driver means disposed
within the microprocessor, the plurality of global clock driv.er means
for generating a plurality of synchronous clock signals; a plurality of
25 feeder means, each feeder means coupled to a global clock driver
means, the plurality of feeder means for supplying individual circuit

components of the microprocessor with clock signals; disable means



21 with power. The resistance associated with these high power lines create
an excessive anount of noise within the overall m croprocessor that becones
unaccept abl e at hi gh processor 5 operating speeds (nore resistance yields
nore noi se associated with the power line due to IR noise). Therefore, what
is needed is a system for supplying a synchroni zed cl ock signal throughout
a mcroprocessor that does not consune valuable circuit space (especially
circuit space within the md sections of thg-topology 10 which is
regarded at a premium) and al so that does not generate an excessive anmount
of noise within the m croprocessor. The present invention offers such
advant ageous fdisposeshswithmr elachnglobal r elgekdidniyer hmeans cfordintermuptinigo the
system it would 1 5 be advantageous to be able to . interrupt the clock

signal that superkesignals suppligd doe therindividual cirepit omponems andt i ons,
iall ithin | apt t it t )
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However, i t5 woiph ey 361V AEGREIME SyhFoRORE d18ck signal to various circuit

components of the microprocessor.



selectively control the application of the clock signal to various
conponents of the m croprocessor independently. It would be advantageous to
be able to selectively-interrupt the clock signal to 25 sone

m croprocessor conponents while allowi ng others to operate normally so as
to perform power managenent functions within the m croprocessor device. The
present invention allows such capability.-13--9- Accordingly, it is an

obj ect of the present invention to offer a clock supply systemto provide a .
synchronous cl ock signal throughout the conponents of a integrated

m cr opr ocessor BREEEK DESCRIPIION QF dibte DEAWINGXkew and distortion. It is
further an object qf, the praient I nventi,on to provide,a,distribyted clock

system that does ndfigiEnddhallpsiratas @ PricE ATt sysiera of qleck signal,r ocessor
that can be used. f.,or,.ot het advgnt ageou I RO 1. 1s,fyEt her an obj ect
of the present‘%ﬁﬁmq'brpsf'bg ot igeg egﬁései’sg'ﬁ&%@ﬁgli#’%J}Systemthat 10

does not - utilize relatively | ong high power |lines and therefore that

5 Figure 1B illustrates a prior_art system of clock distribution
that utilizes a separate and matched signal line for each circuit

component.

Figure 1C illustrates another prior art system of clock
10 distribution using a distributed network driver array that generates

noise and consumes microprocessor circuit space.

-Figure 2 is an illustration of an integrated circuit device of the
present invention utilizing a clock distribution network of two rows
15 of global drivers and associated feeder lines located on opposing

edges of the integrated circuit device that feed inward.

Figure 3 is an illustration of the present invention clock
distribution network showing the matched stages associated with the

20 intermediary drivers and global drivers.

Figure 4 illustrates the clock distribution network of the
present invention and illustrated in detail the alignment lines used to
couple the global drivers to the integrated circuit components.

25
Figure 5 is an illustration of a global driver and shows in detail

the enable and disable functions of the global driver.



does not generate an excessive anount of signal noise associated with the
clock signal. It is also a function of the present invention to provide the
above in a system wherein the clock driver units of the distributed system
can be individually disabled so that clocking 1 5 signals can be
tenporarily suspend to individual circuit conponents of the m croprocessor
devi ce for power managenent functions. These and other objects of the
present invention not specifically menti ond@-herein will become clear upon
review of the discussion of the present invention to follow -10-
SUMMARY CF THE | NVENTI ON Enbodi ments of the present invention include a
clock distribution systemand clock interrupt systemfor an integrated

o Lo oo 1 R 6AL5E5S ORSARC) L b B GAFE SRS
for providing ghRckors BIatife resert Chfventih 1RO1UAiSY SheOBRSbI! network |
coupled to the global drivers. '
5 .

Figure 6B is an illustration of a microprocessor of the present
invention and a full clock distribution network of the present
invention including the 60 global drivers and the power management
network and unit.

10
| Figure 7 is a flow diagram of the present invention illustrating
the major process steps employed by the present invention to

perform power management functions.

15 Figure 8 illustrates a general purpose computer system

employing the integrated circuit of the present invention.

Figure 9 illustrates the power supply pads utilized by the
present invention clock supply network.
20



SkEM/tO vari ous conponents of an integrated circuit device. Considering the
effects of the matched i nput stages, the above val ue may approach 300
pircoseconds due to proecessing inperfections and 1 0 -inperfections
associated with the matching i nput stages. The present invention utilizes
several stages of drivers to evenly supply the distributed clock signals
and each stage has RC matched i nput |inesT 1¥he present invention

advant ageously | ocates the mat ched stages and clock drivers within the
power supply r X s . -cated on the periphery
of the mcropré 3 Sder to better predict the

t opol ogy surrounl n *1 r{ﬂ%ﬁﬁ) %de&eaﬁagﬁ%ﬂa@ﬁ?%n@f mhdleeg fdrnes.

Further, this rretal ers a arger w dt nsion line (since as a
top layer it mstmuhthKeélbciaasigﬁﬂl tkfsugh®at Shanesmpohemsi bf ar ea 20  and
al so general | y avoids sSpatial conpetition with other |1 C conponents and
circuitry. The micesgnocessoredévion subthi thatnshérg if faerpredictablepand | minimal

sel ectively powering down various conpgonents within the_ integrated device
with a powe§ mamouateof signal skew diessi thaned @8y picoseqonds) i stcABYIEIVER t hi n t he

clock distri bUtslugBl S%l)%}m of Ztﬁe clock signal. Usmg the distribution system of the

present invention, the clock signal will reach each component of the
microprocessor at relatively the same time irrespective of the
particular tap point selected by the component. Along the outer

10 edges (periphery) of the microprocessor topology, the clock drivers
are located which feed clock signals inward to the center or interior
portions of the microprocessor. The clock signal drivers are situated
in the surrounding space of a power pad of the microprocessor.
These surrounding spaces of the power pad are typically otherwise

15 unused by the microprocessor and therefore the signal drivers of the
present invention do not waste otherwise usable circuit space. Also,
because the signal drivers are located on the edge of the integrated
circuit microprocessor device, they are near the power supply pins.
Therefore, the resistance within the lines that power the clock

20 drivers is very low because the power supply lines are short.

In addition, the present invention includes, for each clock
driver, an enable function so that each clock driver can be disabled
to temporarily interrupt the clock signal shpply’ to various

25 components of the microprocessor. This can be done to selectively
power down certain components of the microprocessor during power

management functions. This function is especially -useful in



Specifically, an enbodinment of the present invention is described in an
Integrated circuit having a plurality of circuit conponents and a cl ock
generator circuit, an apparatus for supplying a plurality of synchronous
clock signals to the plurality of circuit conponents, the plurality of
synchronous cl ock signals referenced fromthe clock generator circuit, the
. apparatus including: a plurality 5 of ghghal clock driver neans uniformy
di sposed al ong a periphery of the integrated circuit, the plurality of

gl obal clock driver means for generating a plurality of synchronous cl ock
signal s; and amidroprmicessorsf usezbdar laptepsconvpulterl systemsreambatterypl ed to a

gl obal clock driver neans, the plurality of feeder neans for supplying the
plurality of Jowerednasystemss cl ock signals from the periphery of the
integrated circuit to the plurality of circuit conponents of the integrated
circuit. An enbodi ment of the present invention includes the above and

[y ier V1c1 101 1. RO Robbw R e RS BUR gF 4 gl Sk Bhih ° o

5 numerous specific details are set forth in order to provide a thorough
understanding of the present invention. However, it will be obvious
to one skilled in the art that the present invention may be practiced
without these specific details. In other ixistances well known
methods, components, systems and electronics have not been

10 described in detail as not to unnecessarily obscure the present
invention. Furthermore, it is noted that components of the following
figures of the present invention are not necessarily drawn to scale
spatially and the components of the present invention are illustrated
within these figures for purposes of illustration and clarity rather

15 than purely for purposes of scale.

In general, computer systems 130 used by the preferred
embodiment of the present invehtion as illustrated in block diagram
format in Figure 8, comprise a bus 100 for communicating

20 information, a central processor 101 coupled with the bus for
processing information and instructions, a random access memory
102 coupled with the bus 100 for storing information and
instructions for the central processor 101, a read only memory 103
-coupled with the bus 100 for storing static information and

25 instructions for the processor 101, a data storage device 104 such as
a magnetic or optical disk and disk drive coupled with the bus 100 |

for storing information and instructions, a display device 105



15 wthinthe integrated circuit for coupling the integrated circuit to a
power source and wherein the global clock driver neans are disposed within -
the power cell neans of. the integrated circuit. An enbodi ment of the

present invention is described in a 20 mcroprocessor having-a plurality

of circuit conponents, an apparatus for power managenent of the

m croprocessor, the apparatus including: a plurality of global clock driver
means di sposed within the nicroprocessor,‘lﬂé plurality of global clock
driver means for generating a plurality of synchronous clock signals; a

plurality of 2 eger. Oga 0 f LTS e clock'.
driver neans, ?ﬂ‘épfe?u?(gltlh y O 1 g ‘ﬁ@ﬂﬁg"ﬁr sﬁﬁ‘% %‘ngﬂﬁ &hﬁ&@k’
circuit conponggés 96 al aﬂhﬁ%ﬂ@rﬁﬁﬁﬁs%vi@et hos! ‘i’ﬁé‘luairfgnadl?harﬂhﬁﬁ% CafFans
-12- di sposed w t hin each gl obal clock driver neans for errupting the

clock signals fupgtiorekelys tdwepleddiovitheabuscilOQuifor mmmnuﬂfdaangahtfomnﬁbn
ranagenent rrear;!sid ng:?nlmi(:ldt (s)elteggogsl Stgblthee rcr:gggil ?)Qgcgs%gp | le(;jl a cursor
5 control device 107 coupled to the-bus for communicating user input
information and commaxid selections to the central processor 101,
and a signal generating device 108 coupled to the bus 100 for
communicating command selections to the processor 101. Coupled
with the microprocessor of the present invention is a crystal
10 oscillator 110 that is used along with other well known clock
generation circuitry in order to generate a system clock which is
supplied to the microprocessor. A common clock driver 301 (not
shown in Figure 8) is coupled to receive and amplify the clock signal
generated by the oscillator circuit 110. It is appreciated that
15 embodiments of the present invention may utilize a phase locked
loop (PLL) circuit which is coupled between the circuit 110 and
driver 301; such a PLL is utilized in the clock supply functions of the

present invention to reduce actual clock signal delay.

20 The display device 105 of Figure 8 utilized with the computer
system of the present invention may be a liquid crystal device,
cathode ray tube, or other display device suitable for créating
graphic images and alphanumeric characters recognizable to the user.
The cursor control device 107 allows the computer user to

25 dynamically signal the two dimensional movement of a visible cursor
symbol (pointer) on a display screen of the display device 105.

Many implementations of the cursor control device are known in the



to the mcroprocessor for controlling the disable neans to selectively 5

I nterrupt or restore the synchronous clock signal to various circuit
conponents of the m croprocessor. -13 - BRI EF DESCRPTI ON OF THE DRAW NGS
Figure 1A illustrates a prior art system of clock signal distribution using
only a single high power signal driver. 5 Figure 1B illustrates a
prior art system of clock distribution thig utilizes a separate and

mat ched signal line for each circuit conmpdn@nt. Figure 1C illustrates
another prior art systemof clock 1 O distribution using a distributed

k dri . i se.and: . [
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of the present a'cliéh’a“ﬂﬁtnixél‘ib ah' bl delited lﬁggg%&rﬁllé_t of t%‘i%ﬁélihg‘%&@étheﬂf ofVR T ows

15 of global Ivers an ssoci at ed i nes Tocated on opposi ng
given direction or manner of displacement. It is to be appreciated

that the cursor means 107 also may be directed and/or activated via
5 input from the keyboard using special keys and key sequence

commands.

The following detailed description describes the present

invention clock distribution and interrupt system within a

10 microprocessor integrated circuit. However, it is appreciated that the
advantages, design and components of the present invention can be
implemented in any integrated circuit using a clock signal and that a
microprocessor was described as an illustration of the functionality
of the present invention. It is understood, therefore, that the present

15 invention is not limited to the technology and environment of a
microprocessor device but applies to all clock driven integrated
circuit devices. |

Clock Distribution Network of the Present Invention:

20 Refer to Figure 2 which illustrates the preferred embodiment
of the present invention. The top most processing layer of a
microprocessor integrated circuit 200 is shown. According to the
present invention, global clock drivers 30 are located along the right
and left edges of the microprocessor device 200. Each of the global

25 clock drivers 30 is supplied with a clock signal over matched input
lines (not shown). Each clock driver 30 feeds a clock 'signal into the

middle sections of the microprocessor device 200 by feeder lines 31.



edges of the integrated circuit device that feed inward. Figure 3 is an
illustration of the present invention clock distribution network show ng
“the matched stages associated with the 20 internediary drivers and gl obal
drivers. Figure 4 illustrates the clock distribution network of the present
invention and illustrated in detail the alignnent Iines used to couple the
gl obal drivers to the integrated circuit conponents. 25 Figure 5 is an
illustration of a global driver and shows {g_detail the enable and disable
functions of the gl obal driver. -14- Figure 6Ais an illustration in
detail of the power managenent functions of the present invention including

the enabl e net e kfegen 1iiést 31 tdaehThrD2bupledvfs S separatsiigtobdt deiven 30
illustration of a m croprocessor of the present
which supplies the system clock signal to the feeder line 31. By
placing the global drivers along both the left and right periphery of
the microprocessor and then driving feeder lines inward, the present
5 invention is able to provide the sfstem clock at many locations
throughout the topology of the microprocessor device 200. The clock
signal can be tapped at any feeder line to supply a clock signal to any

component or sub-circuit of the microprocessor device.

10 The feeder lines 31 are composed of M4 metal which is the
fourth level metal applied during a typical semiconductor processing
procedure. The metal M4 (upper level metal) is mostly composed of
aluminum (over 90 percent) and is one of the least resistive metals
used in semiconductor processing. The present invention utilizes the

15 M4 metal because this process level allows the feeder lines to be
very thick in dimension in order to reduce the resistance of the
feeder lines. The M4 level was also selected because this level is
associated with the processing of the power lines of the present
invention which are located relatively separate spatially from the

20 remainder of the circuit topology of the microprocessor. Because
these lines are separated from the circuit topology, they do not
interfere with the topology and do not take otherwise usable space
from the circuit topology. Additionally, by locating the major clock
supply lines (i.e., 340, 341, 342, etc. which will be described later)

25 and other clock signal lines in thé M4 level, the present invention is
able to easier RC match these lines because the power line level sees

a very predictable lower level topology that has a relatively constant



invention and a full clock distribution network of the present invention
I ncl udi ng the 60 gl obal drivers and the power managenent network ‘and unit.

10 Figure 7 is a flow.-diagramof the present invention illustrating the
maj or process steps enployed by the present invention to perform power
managenment functions. 1 5 Figure 8 illustrates a general purpose

conmput er system enploying the integrated ci rcuit of the present invention.
Figure 9 illustrates the power supply pads’utilized by the present '
i nvention clock supply network. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI O\I

The present | URAMKONGLSBELIIPSAR APRHALAS R0CralRbiAGg: g kot DUCing 2

cl ock signal rou e conponents 0 M Cr opr ocessor vi ce such that
there is a prﬂi’ér%b?&e%s&n@oﬁﬂlﬂg?ﬁis variable and unpredictable to RC match.

The transistors utilized by the preferred embodiment of the
5 present invention for the clock drivers are CMOS techhology. This is
selected because the CMOS drivers have less sensitivity to the power
supply variations as compared. to BiCMOS and NMOS technologies and
therefore CMOS drivers tend to create more uniform duty cycles
within the resultant clock signal. The present invention utilizes a 50
10 percent duty cycle clock signal. The CMOS drivers have more
'equivaient signal rise and fall times to create a more uniform and

balanced clock signal.

The theory of operation of the present invention is described.
15 Matched signal lines, that is, signal lines having matched resistance
and capacitance for each line, help to reduce the variation in signal
delay across the components of the microprocessor device. Signal
skew as a result of mismatch, or RC skew (variations of clock delay),
can be reduced (within the feeder lines) by reducing the effective
20 resistance and capacitance within a clock supply line. However,
creating totally matched signals lines may not be achievable
throughout the microprocessor device because of integrated circuit
processing variations, the variations within the topology of the
microprocessor that surrounds a signal line and other variables that
25 may not be controllable by a circuit designer. Instead of attempting
to provide matched signal lines at all points or taps within the clock

signal supply lines, the present invention attempts to provide many



5 anount of signal skew (less than 100 pi coseconds). at any given supply
point of the clock signal. Using the distribution systemof the present
i'nvention, the clock signal will reach each. conponent of the m croprocessor
at relatively the same tine irrespective of the particular tap point

sel ected by the conponent. Along the outer 10 edges (periphery) of the

m cr opr ocessor topology, the clock drivers are | ocated which feed cl ock
signals inward to the center or interioctapartions of the m croprocessor.
The cl ock signal drivers are situated in the surroundi ng space of a power
pad of the m croprocessor. These surroundi ng spaces of the power pad are
typical |y ot gtebalselocksdriverssavhioh pravide cmapyofesieor liaes! thheugifartetttehe
signal drivers of the present inventjon do not waste otherw se usable
circuit spacBUCIQRIGCessaE Arvics D0 glnisogdping.sthe Prespnit inyestiophe edge of

: ST DER ! e oh _
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the cl ock signal supply to various
and the nearest clock supply line. By reducing the distance between
the circuit blocks and the clock supply lines 31, the present invention
reduces the errors and skew associated with the clock signal supply
network. According to the presént invention, there should be only a
‘10 100 picosecond skew maximum associated ‘with the clock signal at

any point along a feeder line.

A major task accomplished by the present invention is to

provide each feeder line with a synchronous clock signal in

15 synchronization with each other feeder line. This is accomplished
using various stages of matched clock networks that use
intermediary clock drivers in a branched tree fashion to supply each
feeder line with a clock signal in synchronization with the other
feeder lines. Therefore, at any tap location along a feeder line, there

20 will be some clock signal skew associated with that location. The
present invention attempts to reduce this quantity by providing
many global drivers and uniformly spacing them throughout the
microprocessor device as shown in Figure 2 to reduce the distance
between a clock driver and the tap location. According to the

25 present invention, a component within the microprocessor‘ can tap
onto a location within any feeder line 31 and receive a clock signal

that contains only a 100 picosecond (0.1 nanosecond) skew



25 conponents of the mcroprocessor. This can be done to sel ectively power
down certain conponents of the mcroprocessor during power management
functions. This function is especially useful in -16- m croprocessors
used in |laptop conputer systens or battery powered systens. In the
foll owi ng detail ed description of the present invention 5 NUIMer ous
specific details are set forth in order to provide a thorough understandi ng
of the present invention. However, it wid32be obvious to one skilled in the
gr% ;Pat The pLesent i nvention may be practiced w thout these specific
etails. In other instances well known nethods, ,  conponents, syste and
el ectroni cs héassociatedhadth 1the dastcmesadld layeadt with geEeWeté? d%‘he‘@gﬁbari ly

obscure the present jnvention. Furthernore, it js noted that .components of
the fol | owi ngsystemy elocks signal pﬂc§§@}1t’-§i'?9(/éﬂf‘i"dh fa‘i’e nﬁfefﬁe&%ééa}tﬁo‘gﬂ rawn to

scale spat Hal Ly gﬁ%oﬁ‘rﬁat%?y%rfatigoscgcohgeop "8SE VkeW \HS8b¢idR A | | ustrated
mismatched components of the matched input stages in the total

5 analysis.

The present invention achieves a l100 picosecond maximum

signal skew by providing a number of global drivers (approximately
30) along the right and left edges of the microprocessor 200 and then

10 supplying, from each one, a feeder line into the center locations of
the microprocessor device. In total, the clpck distribution circuit of
the present invention contains approximately 60 global drivers (30
on each side) and 60 feeder lines to supply the clock signals to the
components of the microprocessor. The longest length of émy of the

15 feeder lines 31 will be approximately half of the length dimension of
the microprocessor integrated circuit device. Although 30 global
drivers are implemented on each side of the micropiocessor 200 of
Figure 2, it is appreciated that any number of global drivers may be
implemented within the scope of the present invention. What is

20 supplied by the present invention is a uniform distribution of drivers
to supply the interior circuit portions of the microprocessor. This
distribution can be reached using more or less global drivers as the

case may be.

25 The preferred embodiment of the present invention
advantageously locates the global drivers 30 on the periphery of the

microprocessor device with the power pad areas of the integrated



Wi thin these figures for purposes of illustration and clarity rather 15
than purely for purposes of scale. In general, conputer systens 130 used by -
the preferred enmbodi nent of the present invention as illustrated in bl ock
diagramformat in Figure 8, conprise a bus 100 for comuni cating 20
information, a central processor 101 coupled with the bus for processing

I nformati on and instructions, a random acggss nmenory 102 coupled wth the
bus 100 for storing information and instré@ctions for the central processor
101, a read only menory 103 coupled with the bus 100 for storing static

| nformati on ag%v?c'—é. | PSiveHGE ! @&?vér@&_ioh%igf%ééﬁor_lﬁéﬁ iad9hAodd ﬁ{ofwé?

device 104 su as a magnetic or optical disk and disk drive coupl'ed with
the bus 100 f gradstells nghichf arerdbiared agidnignshie Yeriphesy of dhé phivroprcessorl05

-17 - coupled to the bus 100 for displaying information to the conputer
user, an al phalevive:i cSumpundidgveask po@er npadidiehly islashameanofi theaintegrated
circuit that is typically void of circuitry. This is the case because
5 unlike a communication pad, a power pad cell has no associated and
complex input and output circuitry and also ESD protection (electro-
static discharge) circuitry required to interface the microprocessor
with the outside system. Therefore, the area (cell) surrounding a
power pad is generally free of circuitry and can be advantageously
10 utilized by the present invention for placement of t.he global drivers.
Furthermore, by placing the clock drivers near the pﬁwer pad cell
they receive a strong power supply in order to compensate for the
effective capacitive loading of the clock lines due to their relatively
large width. In addition, by placing the global drivers nearer to the
15 power supply, the power supply lines are shorter (and have less

resistance to current flow) and therefore generate less circuit noise.

Refer now to Figure 3 which illustrates in more detail the
components of the preferred embodiment of the present invention.
20 It is appreciated that Figure 3 illustrates the "circuitry of thé present
invention that exists on one side (left) of the microprocessor chip and
that this circuitry is replicated for the opposite (right) side.
Therefore, it is understood that discussidns regarding the left side of
the chip are analogous to and apply with equal weight to the other
25 side of the microprocessor 200. The global drivers 30 and associated
supply circuitry (i.e., driver 314) are located within an area of the

outlined power pad cell 350 that is not occupied by the actual power



function keys coupled to the bus 100 for conmmuni cating information and
command selections to the central processor 101, a cursor 5 control device
107 coupled to the bus-for conmunicating user input informtion and conmand
selections to the central processor 101, and a signal generating device 108
coupled to the bus 100 for communicati ng command sel ections to the
processor 101. Coupled with the nicroprocgﬁfor of the present invention is
a crystal 10 oscillator 110 that is used“along with other well known cl ock .
generation circuitry in order to generate a systemclock which is supplied
to the m croproge : : I rpser s o ( R [ | gUr @e8) 1S
coupled to re?(}?vgégﬁd ?nsfolaﬁg@g% egg ‘(’)%kméleganrgﬁlléew%? d\q%)t/ "Ekﬁg ggc(iﬁlel at or
circuit 110. IhidrepieRsstti tplogyat Itlds appeasdargdntisatoéadhh of pitres ghvbal

i nvention may utilize a phase | ocked |oop (PLL) circuit which is coupled
bet ween the cidrivers ddd assdciatéd, esuppdy ;ciseitirya ape Llocated: iwithiad powerhpad| ock
supply functions of the present invention to reduce actual clock signal

del ay. 20 cellsTard dhatpillysteased <l 3800 pneefemanyt pells of et h t he
conput er systemof the present invention may be a liquid crystal device,

cat hode ra§ t JBECTOPFOBEHN- di spl ay device suitable for creating

In an effort to insure that each of the global drivers 30
generate a synchronous clock signal, the present invention utilizes
two supply stages having special matched networks for each

10 composed of a common driver and several intermediary drivers. The
common driver supplies the intermediary drivers which each supply
a set of several global drivers. The common driver 301 supplies a
clock signal over a common network 340-344 (for each side) which
couples the intermediary drivers to the common driver. The

15 intermediary drivers couple to the global drivers via intermediary
networks 361-365. As shown in Figure 3, there is a common signal
driver 301 located in the upper central portion of the microprocessor
200. This central driver may be located in any position within the
microprocessor or on the microprocessor periphery. According to the

20 preferred embodiment of the present invention this driver is
selected at upper central location equidistant from the two opposing
edges so that it can supply both sides of the microprocessor 200 with
a clock signal. The common signal driver 301 supplies a clock signal
to a number of intermediate clock drivers 310, 311, 312, 313 and

25 314. Five such intermediate clock drivers are selected for
'illustration, however the actual number of intermediate drivers is

arbitrary within the preferred embodiment of the present invention.



graphi c i mages and al phanuneric characters recogni zable to the user. The
.cursor control device 107 allows the conputer user to 25 dynamcally
sifgnal the two di nmensional novenment of a visible cursor synbol (pointer) on
a display screen of the display device 105. Many inpl enentations of the
cursor control device are known in the -1 8- art including a trackball,
mouse, joystick or special keys on the al ptf2dhuneric input device 105
capabl e of signaling nnvenent Of a given direction or manner of
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within a 10 mp{eB19ceaspectifeRgrated circuit. However, it is appreciated
that the advantages, desi gn and “conponents of the present I nvention can be

5 Each of these five lines 340-344 of the common network are
matched for their resistance and ::apacitance values such that each
line has similar RC values and thus have matched skew. The
resistance values of these five lines are matched according to the
present invention by using, fof each, the same length of signal line.

10 This is accomplished by doublé back technique whereby short
distance lines are doubled back in repetition until they equal the
longer supply lines. For instance, intermediary driver 314 is the
longest distance away from common driver 301, therefore the
connecting line 344 has no double back lengths. However, driver

15 310 is the nearest to the common driver 301 and therefore this line
340 has at least three double back lengths. Similarly, lines 341, 342,
and 343 of the common network have different degrees of double
back lengths relative to the distance between the common driver
301 and the line's associated intermediary driver 311, 312, and 313

20 respectively. Also, each of the five lines are constructed to have the
same width along the top processing layer of the microprocessor.
Therefore, each of the lines 340-344 of the common network are
constructed to the same lengths and widths to match effective
resistance. It is appreciated that each of the lines 340-344 and the

25 common supply line 303 are composed of the M4 metal.



inplemented in any integrated circuit using a clock signal and that a

m croprocessor was described as an illustration of the functionality of the
present invention. It .is understood, therefore, that the present 1 5
invention is not limted to the technol ogy and environnment of a

m croprocessor device but applies to all clock driven integrated circuit
devices. Cock Distribution Network of tbggPresent Invention: 20

Refer to Figure 2 which illustrates the preferred embodi ment of the present -
invention. The top nost processing |layer of a microprocessor integrated
circuit 200 is shoWhe éomaichi sgpply tine PO sand ecach cof itbm,lirquOBéﬂ-ﬁ‘*er
drivers 30 are located along the right and |eft edges,of t I CIr Opr ocessor
devi ce 200. Eabé efmmea gevwerk ase rautesd algpgties PSHPhETY pltg‘léd with a

clock ol gnal oetmmened LT okl Shuhohe BONBY D SAECH LV S,
200 by feeder quugﬁfatﬁ;n ring. 1PRis is done because the topology of the
5 microprocessor in this ring is .fairlxy constant therefore aﬁy dielectric
constants associated with the five lines are going to be constant.
Therefore, the capacitance of each line should be fairly constant and
predictable. Further, the pafhways and double béck lengths can be
better controlled by locating these signal lines within the power
10 supply ring of the microprocessor. Further, each of the five lines are
terminated with the same load. All of the above is done in an effort
to match the resistor-capacitor (RC) characteristics of the supply lines
340-344. When the above is done, the supply lines into the
intermediary clock drivers 310-314 will be "matched” and a matched

15 network is realized.

Each intermediary driver of Figure 3 supplies a separate set of
6 global drivers. Intermediary driver 310 thus supplies set 320 over
intermediary network 361. Set 320 is composed of six global drivers
20 labeled 30a to 30f. Similarly, intermediary driver 311 supplies the
six global drivers of set 321 over intermediary network 362. Also,
the driver 314 supplies set 324 over intermediary network 365.
Similarly, drivers 312 and 313 each supply a separate set of six
global drivers that are not illustrated for clarity. It is appreciated
25 that each set of global drivers supplied by drivers 312 and 313 are
analogous to the driver sets that are described and illustrated herein.

The supply network 361 is RC matched such that each of the supply



The feeder lines 31 each are coupl ed to a separate global driver 30 which
supplies the systemclock signal to the feeder line 31. By placing the

gl obal drivers along both the Ieft and right periphery of the

m croprocessor and then driving feeder lines inward, the present 5

i nvention is able to provide the systemclock at many | ocations throughout
the topol ogy of the mcroprocessor devicea200. The clock signal can be
tapped at any feeder line to supply a clock signal to any conponent or

sub-circuit of the m croprocessor device. 10 The feeder lines 31 are
conposed of Miingy detwhdés hthies inteemediary hdtieee| 3 Hbtand aqaphl ebbhﬂthrdﬂgefa
typi cal sem conductor processing procedure. The net al (upper | evel
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remai nder of tm%se dseUéTatdd AP Bitivdirs L3 mindr 3pBones shownBaheysre all RC
matched. Therefore, according to the present invention, there are
two stages of clock supply for the global drivers. The first stage is
composed of a single common driver 310 which supplies a clock
10 signal over a matched network (lines 340-344) to a set of
intermediary drivers 310-314, The second stage is composed of the
intermediary drivers each supplying a clock signal over a matched
network (361, 362, 365, etc.) to a separate set of six global clock
drivers. By constructing its supply scheme in this fashion, the
15 present invention allows each of the global clock drivers to receive
and generate synchronized clock signal that contains less than 100
picoSeconds of skew (associated with the feeder lines since the
matched stages may add more) with respect to the .signal generated
at the common driver 301. |
20
Further, the present invention advantageously locates the
intermediary and global drivers next to the power pads of the
microprocessor 200 that are located along the. periphery of the
microprocessor. This is done because the clock drivers require high
25 power to drive the clocking signals to all of the clocked components
of the microprocessor topology. Further, it is désirable to locate the

clock drivers (both intermediary and global drivers) next to the



these lines are separated fromthe circuit topology, they do not interfere
with the topol ogy and do not take otherw se usable space fromthe circuit
t opol ogy. Additionally,--by | ocating the major clock supply lines (i.e.,
340, 341, 342, etc. which will be described later) 25 and ot her cl ock

signal lines in the MA level, the present invention is able to easier RC
mat ch these |ines because the power line I28el sees a very predictable
| ower | evel topology that has a relatively constant -20- dielectric

associated with it whereas the remai nder of the m croprocessor topology is
variabl e and uppwetipadsbse thet Rienpewer lines thainsupplyrtheydrivese $aBybe he

referred enbodinent, of, the 5 resent invention far the clock drivers are
E:IVDS t echnol oglelathyely shodte e%h%&erbi'(‘,‘&&sga‘f% emla&aiﬂser%ssﬁ&%“ffﬁ e‘é’ﬁi:l

PeSt 1 VLY, VO POYR! WD (AR bV Tt B 10E el TR RS
g%cl es within {hy (GSgededie FédfckdShone! levEne PBYSAfuciny ARkl ARRisthidd zes a
S and associated noise within the power lines, the clock drivers of the
present invention have rapid rise and fall times while generating
reduced noise levels associated with the clock signal. It is
appreciated that the common driver 301 also supplies the right side
global drivers (not shown). The right side of the microprocessor
10 contains the same two matched stéges as described with respect to
the left side drivers. The common driver 301 may be supplied with
the clock signal from an external pin or a clock generator or oscillator

circuit that is well known in integrated circuit technology.

15 Further, as discussed above, a phase locked loop (PLL) circuit
may be utilized that is coupled between the clock circuit 110 (see
Figure 8) and the driver 301. The PLL circuit accepts the clock
circuit 110 as one input plus a second feedback input that may be
selected from among any feeder line (i.e., line 31b). The output of

20 the PLL circuit (not shown) is then coupled to the input of driver
301. It is appreciated that the details .of such a PLL clock supply

“circuit is not pertinent to the understanding of the present invention.

Each of the feeder lines associated with the global driver
25 circuits is relatively wide and therefore has a high capacitance.
However, since they are made of M4 metal, they have a low

resistance and therefore a low RC skew is associated along the



1 0 percent duty cycle clock signal. The CMOS drivers have nore equival ent
signal rise and fall tines to create a nore uniform and bal anced cl ock "
signal. The theory of eperation of the present invention is described. 1 5
Mat ched signal lines, that is, signal |ines having matched resistance and
capaci tance for each line, help to reduce the variation in signal delay
across the conponents of the nicroprocesngQQevice. Si gnal skew as a
result of m smatch, or RC skew (variations™0of clock delay), can be reduced
(wthin the feeder lines) by reducing the effective 20 resi stance and

capaci tance W §&igihs ofl B 1imePP! FetddiClines 1Y 6 314 @aé i dsgodiated withmahehed
signals lines may not be achievabl e t hroughout the m croprocessor device

because of i nt glotdledriverscof tsepri2eandnsptva2l.at Thesfordesinae i thereo@se wi t hin
the topol ogy of the mcroprocessor that surrounds a signal |ine and other
vari abl es t hat sty glebalngrivees @dong dhpaedse Bf she micEPprogesignthere iest ead

OfPLEomR 0 LR SiLas FREENSE, lataled W B Al Bl S0 ok Rt L "
many 5 microprocessor 200 of Figure 3. .According to the preferred
embodiment of the present invention, the total.width. (height) of all
of the widths of the feeder lines of each of the six sets 320-324 for
both sides (i.e., 60 feeder lines total) must be eqﬁal to or less than §
percent of the total height dimension of the microprocessor.

10 Therefore, since the dimension 335 of microprocessor 200 is
approximately 12,000 microns, S percent of this fighre is
approximately 600 microns. Therefore each feeder line of this
example is approximately 600/60 or 10 microns wide. However, as a
general rule the feeder lines can be from 10 to 20 microns maximum

15 width. Therefore, since the microprocessor device is approximately
12,000 microns by 12,000 in dimension, half of this length is 6,000
microns or the length of each feeder line. The feeder line dimensions
in the present invention are therefore 6000 microns by 10 microns.
Since there are 60 feeders lines the total area of feeder line is 600

20 microns by 6000 microns creating 10 squares of resistance
associated with the élock supply lines of the global drivers associated
with both supply sides of the microprocessor 200. It is appreciated
that at this width, a feeder }ine has a relatively larger capacitance
than smaller width clock lines. However, since each feeder line is

25 constructed of M4 metal, the feeder line has extremely low
resistance and therefore the RC skew associated with the feeder line

is low.



-21- global clock drivers which provide nmany feeder |ines throughout the

m cr opr ocessor device 200. In so doing, the present invention provides many
| ocations onto which a-cl ock signal may be reached or "tapped". Therefore,
for any given point within the mcroprocessor 5 device there will be a
relatively short distance between't hat p0|§ and the nearest clock supply
line. By reducing the distance between the’Circuit blocks and the clock
supply lines 31, the present invention reduces the errors and skew
associated with the clock signal supply network. According to the present

I nvention, there should be only a 10 100 pi cosecond skew maxi num

associ ated with t heRefedChowi BNFigwe 4Ny Axviordingl enghe preseiey idveneionA naj or
t ask acconpllshed by the present invention is to provide each feeder |ine
wi th a synchrotleue ateosixtyi fpeder ilines 81 ﬁmcsumiyzahopbmmsugndach ot her
feeder line. This is acconplished usi ng var | ous of mat ched cl,ock

networks that threughewt ﬁbﬁl BHGTQPrecsssar i tpPPogh B StPREF cBFACE8HA&N t o
supply eachy TegaRl of e nidtoProcessor. Sl tdbady RO WA E8Tp1Y' bftn' e
input .clock lines of various circuit components of the microprocessor. -
However, it difficult to align the input clock signal lines of the
component blocks with the feeder line .locations. Therefore, the
preferred embodiment of the present invention has supplied vertical
10 alignment lines associated with the feeder lines to create a
connection between an adjacent feeder line and a microprocessor
circuit block that requires clock connection. Figure 4 illustrates these
vertical alignment lines which are 10-15 microns wide each. There
are four microprocessor blocks 420, 425, 430, and 440. These blocks
15 require input clock signals, however, the input clock lines of each
block may or may not vertically align with a nearby feeder line.
Therefore, vertical alignment line 450 will act to short clock input
lines of component block 425 to the adjacent feeder lines 31a, 31b
and 3lc. These lines, and associated global drivers 30a, 30b, and 30c
20 are called group 460. This group 460 will supply clock signals to
circuit block 425. Similarly, group 461 composed of feeder lines 30d,
30e, and 30f will supply circuit block 420 via alignment line 451.
Set 462 will supply circuit block 430 with a clock signal via
alignment line 452 and group 463 will supply circuit block 440 via
25 alignment line 453. In providing these alignment lines, the present
invention provides a clock distribution system whereby the

designers of each individual circuit block 420, 425, 430 and 440 are



feeder lines. Therefore, at any tap location along a feeder line, there 20

w Il be sonme clock signal skew associated with that |ocation. The present

i ivention attenpts to reduce this quantity by providi ng many gl obal drivers
and uniformy spacing themthroughout the mcroprocessor device as shown in
Figure 2 to reduce the distance between a clock driver and the tap

| ocation. According to the 25 present invention, a conponent within the

m croprocessor can tap onto a location wit4in any feeder line 31 and :
receive a clock signal that contains only a 100 picosecond (0.1 nanosecond)

skew -22- (associated with the last nmetal4 layer) with reference to the

mai n system cl gek réqginéd toedesighethpuy clockulihesl that Vorticallys atigdi witnanlyy an
approxi mately 200 picosecond or | ess skew associated with m smat ched
conponents of pagiowarc fiestler niine; slathas isnrequiredoisnitha theclpgkiisputriine
present Lnvent In?rp aac?gsise\a{e&er%c%lo%li%in%loesﬁ%cl?gg artmé(c;ntxrg rT11)art .in the topology of

the circuit component.

It is appreciated that the vertical alignment lines also act to
couple various segments of a feeder line that may not be perfectly
aligned horizontally. For example, feeder lines 31d, 3le, and 3lf are
not perfectly aligned on the left and right sides of alignment line

10 451. Line 31d drops slightly on the right, and lines 31e and 31f rise
slightly to the right. The aligmﬁent line 415 acts to connect these
slight misalignments and couples the various segments of these
feeder lines together. The misalignment amount is typically on the
order of a few microns between segments of a feeder line.

15 _

Referring still to Figure 4, each of the vertical alignment lines is
constructed of M3 metal whicﬁ is a lower level metal then the M4
metal. The present invention utilizes M3 metal because both power
and clock signals run parallel in the M4 level and vertical coupling

20 lines would thus short these two different lines together which is
undesirable. Therefore, to avoid this result, a different levél, M3,
was selected to run the vertical alignment lines. There can only be
two alignment lines for any given group of feeder lines. This is due
to the build up of resistance added upon addition of alignment lines.

25 As show in Figure 4, alignment line 455 is the second alignment line
é.dded to group 463. This line 455 is added to power circuit block

435. Since there are two vertical alignment lines 453 and 455



si gnal skew by providing a nunber of global drivers (approxi mately 30)
along the right and left edges of the m croprocessor 200 and then 1 0O
supplying, fromeach one, a feeder line into the center |ocations of the

m croprocessor device. |In total, the clock distribution circuit of the
present invention contains approximtely 60 global drivers (30 on each
side) and 60 feeder lines to supply the clock signals to the conponents of
the microprocessor. The |ongest length of-33y of the 1 5 feeder l'ines 31
will be approximately half of the Iength di mension of the m croprocessor
integrated circuit, device. . Athaugh 30 gl obal_.drivers are jnplenented on
each side of tﬁ@“Pﬁegr@pﬁ€%J§§%?r BB%S cﬂ?r Efgw 2463‘ t‘"?rei g‘aé(pﬁ?éiqga?‘@ﬂ that any
nunber of gl ob iyer ' g, L of 1t esent
"vent i on. “vnafdg BfopE erflEHt afehHRAECRGE autich hd oS . X Mol

di stribution obedfbtédr thalt OtheURidry Wii€oinit thel M4 Cfoedet inesr3i aire avrosehe
m croprocessor. This distribution can be reached using nore or |ess gl obal
drivers as themiesusproegssbe.theSless the ratistapcefeonteibutionodf mbat M¥ t he
present invention advant ageou.slg | ocates the gl obal drivers 30 on the
periphery of talgnmenbdinesesdlr belevilr eothier words, pwher yrisical adignatent he

| ntegrat ed lines short adjacent feeder lines that are spread far apart the
alignment line will contribute relatively more resistance and signal
skew to the clock supply network then if the feeder lines were
closely spaced. Therefore, it is advantageous according to the
10 present invention to locate the feeder lines 31a-311 uniformly across
the microprocessor side. It is appreciated that vertical alignment
lines typically short anywhere from two to eight feeder lines within

the present invention.

15 It is appreciated that Figure 4 illustrates only two groups 320
and 321 of the five groups of the left side of the clock distribution
network of the present invention. It is understood that the other
three groups are analogously coupled to supply clock circuits to
various other component blocks of the microprocessor 200. Further,

20 it is understood that the right side of the microprocessor is also
analogously coupled. Only global driver groups 320 and 321 of the
present invention are illustrated in Figure 4 for clarity, but it is
understood that the entire clock distribution network of the present
invention contains similar structure and function. Therefore,

25 according to the above discussions, the present invéntion clock
distribution network advantageously provides 60 feeder lines with

which various component blocks of a microprocessor topology may



-23 - device. Power is delivered to mcroprocessor 200 via various power
pad cells which are | ocated al ong the periphery of the m croprocessor

devi ce. Surroundi ng each power pad cell is an area of- the integrated
circuit that is typically void of circuitry. This is the case because 5
unl i ke a communi cation pad, a power pad cell has no associated and conpl ex
I nput and output circuitry and al so ESD protection (electro- static

di scharge) circuitry required to i nt er f ace38he m croprocessor with the
outside system Therefore, the area (cell) surrounding a power pad is

generally free,of circuitny and ca adyant ushy, 1] zed by the
present - i nvent ib8n°9‘{?rle I aéirﬂ!‘ﬁ’t p§)fnqtﬂ§n§| WaIO?g‘?'gv@ st?e%a?fr' E%é%n%)r e, by
placing the cl %&@hbﬁf%‘%&@%@&& Wo' rive &l k1ddReXigras Svith Res$ than o
power supply in order to conpensate for the effective cCapacitive [|oading of
the clock |inegpgdugidogeddifis of alletk wkew Ibecassewofltthe hniquddahdon, by

pl aci ng the gl obal drivers nearer to the 1 5 power supply, the power supply
| i nes are shor advagtageowsvadotksdistribution system of the present invention.
5
It is appreciated that the selection of 30 global drivers fo; each
vertical edge of the microprocessor 200 is purely an arbitrary
number and more or less can be selected within the scope of the
present invention. The only limitation being the amount of free
10 space within the topology of the microprocessor allowing for clock
signal generation and distribution. The circuit components of the
microprocessor 200 are those components utilized to constitute the
overall microprocessor. These components may typically include the

Arithmetic Logic Unit (ALU), the Instruction Fetch Unit (IFU),

15 Execution Units, Cache Units and Bus Control Units afnong others.

Clock Interrupt Feature of the Present Invention:

The preferred embodiment of the present invention also

provides the ability to disable the clock signal to any feeder line

20 group (i.e., any feeder lines that shorted via a common vertical
alignment line). This is accomplished via further circuitry associated
with each global clock driver and associated with the distribution
network. Figure 5 illustrates the global driver of the present
invention that contains the enable logic required to disable the clock

25 signal. A global driver 30a is illustrated in more detail. An input
520 carries the clock signal into the driver and input 525 carries an

enable signal into the driver. Both the enable line and the clock



resistance to current flow) and therefore generate |less circuit noise.

Refer nowto Figure 3 which illustrates in nore detail the conponents of
the preferred enbodi ment of the present invention. 2 0 It is appreciated
that Figure 3 illustrates the circuitry of the present invention that

exi sts on one side (left) of the mcroprocessor chip and that this
circuitry is replicated for the opposite ¢(34ght) side. Therefore, it is
understood that discussions regarding the left side of the chip are

anal ogous to and a[)ply w th equal weight to the other 25 side of the

ni cr opr ocessor sippal arerrinpel bBal a datcheeiscdd Hrd é@@oél%tkeélgélabﬁ fed; tPcthet ry

., d 3 | d h f I
cei | 350 that FlodkofRtcHBRboi, potshist I b ohe, cnable Bigndlciy FRLTH BEA
i scussed sbov fugh s Pl hB, O BUGEL of MPLIgICT DY (98 £NERKS SaRET

topology. It iS re rrvers an oci ated
supply circuit SXOaéﬁvJe‘I’PﬁﬁelﬂeV‘(clek%ﬁﬁﬂer Tifeforé, WhRRdtH @put! bushe at ed

cell 350 is one of many cells of

S enable pin 525 goes low the NAN]? gate 510 will always output a
high signal. When the input of the enable pin 525 goes high
(asserted) the output of the NAND gate will be the inverse of the
clock signal 520. The output of the NAND gate 510 is then coupled to
the input of an inverter 515 and the output of the inverter is taken

10 as line 31a of the driver 30a. According to the presé,nt invention
when the enable line is not asserted to a global driver 30a, the clock
signal will not be driven on the associated feeder line 31a. When the
enable line is asserted then the global driver will act as described
above to drive its associate feeder line with a clock signal.

15

The latch 511 is implemented by the present invention so that

no enable action will take place while the clock signal is asserted
high. That is, all enable state changes will take place one clock cycle
after the clock cycle in which the enable signal changed status.

20 When the clock is high, it is not desirable for the microprocessor to
change enable states, therefore the latch 511 prevents the enable
signal from reaching the NAND gate 510 until the clock transitions

low since the clock input is low asserted to latch 511.

25 Figure 6A illustrates, not to scale, a microprocessor 200 with an
enable network design that can be constructed within the present

invention utilizing the global drivers as shown in Figure 5. Figure 6A



5 microprocessor. In an effort to insure that each of the global drivers 30
generate a synchronous clock signal, the present invention utilizes two
supply stages having special matched networks for each 10 conposed of a
common driver and several internmediary drivers. The comon driver supplies
the internediary drivers which each supply set of several global drivers.
The comon driver 301 supplies a clock sigﬁgr over a comon networ k 340- 344
(for each side) which couples the intermediary drivers to the conmon

v e S R S g, P, Gk e,

I nternedi ary ne own In

signal driver 30dukQcfethe! Erés@ﬁt YRPEItGENT Ba¢ 320" i Aiveh bhethe h_iﬁh
m croprocessor 200. This central driver may be located in any position

wi thin the ni crpowercaeahediarpnirivee B10s oBaehess athepsixi ghstial. dAeesr 80ag to -
the 20 preferred enmbodi nent of the present invention this driver is
sel ected ‘at up3&f seentcoaplddodat thenintgumddiarpndrivendlitheia v mplsbedng edges

B Ly e, ol gl L SRR i ot e i o1
| ntermediate Clc?qCJléci a{tilc\ée%vsith?irlxotheB%%Wels 182l.l’pp?)} 3rir?gn.d Also coupled to each
global driver 30a, 30b and 30c is an enable_O line on line 670. The
enable_0 line is also coupled to a power management unit 610.
Coupled to the remainder of the global drivers of set 320 (30d, 30f,
10 and 30g) as well as the global driver 30g of set 321 is another enable
line 667, enable_1. Enable line 667 is also coupled to the power
management unit 610. A further enable line 670, enable_3 is
coupled to global drivers 30h and 30i of set 321 and also coupled to
the power management module 610. A clock supply is also delivered
15 to the power management module via line 681. An disable/enable
request line 661 is supplied to the power management module 610.
The disable/enable request line 661 specifies which of the enable
lines 665, 667, and 670 will be assérted or not. It is appreciated that
each intermediary driver 310 and 311 couples to one input of each
20 NAND gate of each global driver while each enable line is coupled to
the other input of each NAND gate of each global driver.

A vertical alignment line 622 shorts feeder lines 31a-31c and

supplies a clock signal to circuit block 612. Further, a vertical

25 alignment line 623 shorts feeder lines 31d-31g and delivers a
clocking signal to circuit block 613. Lastly, a vertical alignment line

624 shorts feeder lines 31h and 31i to supply a clock signal to circuit



25 314. Five such internediate clock drivers are selected for
illustration, however the actual nunber of internediate drivers is

arbitrary within the preferred enbodi nent of the present invention. -25
- There are five signal lines 340 to 344 that supply the clock signal from
t he common driver 301 to each of the int e&gedi ary drivers 310-314 .
respectively. 5 Each of these five?Pirnes 340-344 of the conmon

network are matched for their resistance and capacitance val ues such that

o les of 1 nedlbdl 61 Nkl IANd BT BRY SadBLGRGS! UG aflerd 204 A0CC

val ues of thesb i nes are natc accordi resent 1 nvention

by using, for ga@%i}BFQQBWdIEﬂgbp Shatileg0aling | 6. 1Peedb? Hné$ 31d-31g

acconpl i shed ack techni Que whereby short distance lines are
doubl ed back iandr essetidtedrglobil kriveey formah gioup ohgels coppojledi bps.  For

i Tvor 501 |t reaableniclinne667, Fooder lings 31h-315 and assooiated global | o
5 drivers form a group that is controlled by enable_2 line 665.
According to this configuration, when the power management
module 610 disables line 670, the enable_O pin is not asserted and
the clock signal to circuit block 612 is temporarily interrupted until
the enable_0 pin 670 is once more asserted. In so doing, the present
10 invention offers a system by which circuit block 612 can be powered
down during periods of power management. It is appreciated that
each individual grouping of feeder lines (defined by the vertical
alignment) must share the same enable line. As shown in Figure 6A,

intermediary clock driver 311 supplies the clocking signal to global
15 drivers 30g, 30h and 30i of set 321.

Similarly, the power management module 610 may interrupt
the supply of the clock signal to circuit 613 by disabling enable_1 via
line 667 or enabling the clock signal to circuit 613 by asserting line

20 667. The power management module 610 may interrupt the supply
of the clock signal to circuit 614 by disabling enable_2 via line 665
or enabling the clock signal to circuit 614 by asserting line 665. The
disable/enable request line 661 is a parallel input line that carries a
flag bit for each circuit block of the microprocessor topology. If a

25 particular circuit block is desired to power down then the bit
associated with that circuit block is set off "O;f‘ Table I below

indicates the different values that may be sent over the



connecting line 344 has no doubl e back | engths. However, driver 1 5 310 is
the nearest to the comon driver 301 and therefore this |ine 340 has at

| east three double back--lengths. Similarly, lines 341, 342, and 343 of the
common networ k have di fferent degrees of double back Iengths relative to

t he di stance between the common driver 301 and the |ine's associ at ed
internediary driver 311, 312, and 313 20 -Bdspectively. Al so, each of the
five lines are constructed to have the sane width al ong the top processing
| ayer of the mcroprQcessor, T efore, each of the |lipes 340Q-344 of the
conmon net\/\orkeci‘ragﬁ'dgﬁgs&&"édggi toh&ontrol the, BOWET Hates Of nthe SRt
effective resi st e..iht 4S a l,ated that each of the |lines 340-344 and
the 25 common ?ﬂg@?ﬁl ql:zheél?(‘):s&gdr :éiél()nposed of the M4 netal. -26- The
common supply line 303 and each of the |jnes 340-344 of the commobn network
are routed al ong the periphery of the @uﬁﬁbgdbcessor In an area called the
power suppl$ ring or '

Line 661 Status of:
Enable/Disable Block 612 Block 613 Block 614
000 OFF - OFF OFF
001 OFF OFF ON
10 010 OFF ON : OFF
011 OFF ON ON
100 ON OFF OFF
101 . ON OFF ON
110 ON ON OFF

15 o112 ON . ON ON

According to the above desc.ription, the preSent invention may
selectively interrupt supply of the clock signal to any of the circuit
blocks of the microprocessor topology. This is advantageous in

20 environments where power consumption needs to be regulated and
conserved, such as within a laptop or battery operated computer
system environment. By utilizing the power management module, a

| microprocessor or operating system may determine that certain
blocks within the microprocessor Should be powered down to

25 conserve power and the microprocessor and computer system may
enter a standby or suspend mode. The microprocessor will then
oﬁtput a "0" in the bit flag that represents the associated circuit block
that will be suspended. The associated enable line will then shut
down the clock drivers associated with the group of drivers and

30 feeder lines that power the particular circuit block (via a common

vertical alignment line).



equalization ring. This is done because the topology of the 5

m croprocessor in this ring is fairly constant therefore any dielectric
constants associated wi.th the five lines are going to be constant.
Therefore, the capacitance of each line should be fairly constant and

predi ctable. Further, the pathways and doubl e back |engths can be better
controlled by locating these signal lines_44thin the power 1 0O supply ring
of the mcroprocessor. Further, each of the five lines are termnated with
the sanme | oad. All of the above is done in an effort to match the

resi stor-capaci tor I¢Rs) appricenedr ihati accopdingheo samgthyr |enmbeditdht 3d8 .thehen
the above is done, the supply lines into the internediary clock drivers
310-314 wi || bpresest dhestitiomdeachadcthal enable dinesocaulds altemativgdy ®ich

i vers. | n ordEUPRp dhe VBITIRSIIRL SIS ST So10-338 - 80 cHisablea PR ary
netvorle 361 SSioniiOud oS RGREH, Shonirk, HOulenlooV e o8B gFoRERAE 20, Lo,
o 222 OV o) BATEAE U S Pl 8, 2005210 R e
supply a separgwbofldde 06ntedbMed by a signal enable line. This implementation is a
less complex implementation compared to the one discussed above of
the preferred embodiment. However, this embodiment is less
flexible since the enable lines power down an entire set of global
10 drivers at a time by disabling the intermediary drivers. If there
happens to be multiple components feeding from the same global
driver set, they will all be powered down at the same time and will
not be individually controlled. Further, if a single component spans
several sets than this embodiment may not be as flexible in |

15 powering down that component as the preferred embodiment of the

present invention.

For clarity and purposes of discussion, only two sets 320 and
321 of the clock distribution network have been illu_strated within
20 Figure 6A. However, the discussion of these two sets is applicable to
all sets of each of the two vertical edges of the microprocessor of the
present invention. It is appréciated that the decoding ,scheme. of
Table I will be extended to accommodate further circuit blocks of
microprocessor 200 that are associated with the other sets of the
25 clock distribution network. Consistent with the above, it is

appreciated that the power management module 610 also generates



gl obal drivers that are not illustrated for clarity. It is appreciated 25
that each set of global drivers supplied by drivers 312 and 313 are

anal ogous to the driver sets that are described and-illustrated herein. The
supply network 361 is RC matched such that each of the supply -27- lines
between the internediary driver 310 and each gl obal driver 30a-30f is of
the sane I ength and width. Further, sinc he network 361 is constructed
within the power supply ring,- each |ine ntains fairly constant .
capacitive loading so the entire network 361 is RC5 nmatched. The sane is

true for all S Ckidnals Yo tthedglobal s
312 and 313 p%‘?ibs}%gﬁﬁg%%%aﬁogﬁéll &%gsgg@g;gg?&o@ﬁg e?%rg, acco?dlgr?g to
the present '?ﬁ@@ﬁs‘ Peatbd st theCrighp &i{geges ok eliomdprecyssby. for the gl obal
drivers. The first stage is conposed of a single conmon driver 310 which
supplies a clock 10 signal over a matched network (lines 340-344) to a set

of internediary drivers 310-314. The second_stage is conposed of the
Overall Clock Supply and Interrupt Netwggrk; i

5 Figure 6B illustrates, not to scale, a microprocessor 200 with an
enable network design ,thath can be constructed within the present
invention utilizing the global drivers as shown in Figure 5. Figure 6B
illustrates a typical clock distribution system configuration of the
present invention with all of the global drivers illustrated. There are

10 thirty global drivers on each side of the microprocessor integrated
circuit. As shown on the left, there are five sets of 6 drivers each on
the left side, they are 320, 321, 322, 323, and 324. These five sets
are driven by intermediary drivers 310, 311, 312, 313 and 314
respectively. The common clock driver 301 is coupled to a clock

15 generator or oscillator as input and drives an RC matched network
which supplies the five intermediary drive_rs 310-314 on the left and
the five intermediary drivers 691-695 located on the right side.
Each of the sets 320-324 is driven by its respective intermediary
driver via an RC matched network. By employing this staged

20 distribution system with multiple matched networks per stage, the
present invention is able to deliver clock signals onto the left side

feeder lines of each global driver which are in synchronization.

As shown on the right side, there are five sets of 6 drivers each
25 on the right side, they are 325, 326, 327, 328, and 329.- These five
sets are driven by intermediary drivers 691, 692, 693, 694 and 695

respectively. The common clock driver 301 supplies the five |



i nternmedi ary drivers each supplying a clock signal over a matched network
(361, 362, 365, etc.) to a separate set of six global. clock drivers. By
constructing its supply schene in this fashion, the 15 present invention
all ows each of the global clock drivers to receive and generate
synchroni zed cl ock signal that contains |ess than 100 pi coseconds of skew
(associated with the feeder |ines since tA8-nmat ched stages nay add nore)
with respect to the signal generated at the conmon driver 301. 20 Furt her,

(e resent | X eak O ANALAORE S IR RS Tt TR0
al ong the perisghetanof Fabf o SFOREACSR300 Ihidiiich B9nfs DgpUaRe Ne ol ock

- drivers require power to drive the cloc signals to all of the
cl ocked conporfit¥rfmedfary h@rit viPraC &G Ofmatctied agyworkyr t B?r emiployiagdetis r abl e

. to locate the clock drivers (both internediary and gl obal drivers) next to

~the staged distribution system with multiple matched networks per

5 stage, the present invention is able to deliver clock signals onto the
right side feeder lines of each glob;l driver which are in
synchronization. Therefore, according to the above, the

~ microprocessor generates 60 feeder lines, one for each global driver

to supply the microprocessor components with a synchronized clock

10 signal. It is appreciated that the matched network that supplies all
of the intermediate drivers, on the left and right, exists within the
power supply ring of the periphery of the microprocessor. It is
further appreciated that the intermediary drivers, the matched

networks that supply the global drivers and the global drivers are all

15 located within the power supply cells of the microprocessor.

With reference to Figure 6B, there are five microprocessor
components illustrated, 651, 652, 653, 654 and 655. It is
appreciated that there can be a variety of different circuit

20 components placed at different locations within the microprocessor
consistent within the scope of the present invention clock
distribution and interrupt network. The following components are
shown for illustration of the elements of the present invention.
Circuit component' 651 is supplied with a clock signal via alignment

25 line 651a which shorts feeder lines of set 320. Circuit component
652 is supplied with a clock signal via alignment line 652a which

shorts feeder lines of set 325 and 326. Circuit component 653 is



-28- power pads so that the power lines that supply the drivers can be

relatively short.

The | ower

oscillator circui

Furt her,
utilized’

line (i.e

Shorter |ines have | ess resi stance associated with them

resi stance power lines of the present invention also tend to
generate reduced noise |evels. By reducing the resistance 5 and associ at ed
- noise within the power lines, the clock drivers of the present invention
have rapid rise and fall tinmes while genergti ng reduced noise |evels
associated with the clock signal. It is appreciated that the common driver .
301 al so supplies the right side global drivers (not shown). The right side .
of the nicroprsmppliedr with acolucki signahevia antignmentidineh 6438t angk H53d sddeh i bed
with respect to the left side drivers. The_ commopn driver 301 .may be
supplied with

as di¥P

shiestsc fesder Jingsapf fsebriZdn agdt 322l CMW‘Q)FOQ‘RS’%BR Q?énésr ator or

d cir wttc

h | :
Sipplict Wi v cack SERAT il WREFHER! Hfae o53H, wnldi HRGHEY * °

e 1fe§4%l°ﬁ@kgd%€jr§%t‘3§?‘?acceg§£%?§ qjﬁ&iﬁm rc r’tﬁﬁgl@%g gng) [ ﬁggt

the driver 30

plus a secgnd s‘@gﬁ%@cthmrauudckaklgrm vig eRgmnead Hie H53a0RAIcH shbaeder
., 1iné 31b). The out put
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15

20

25

feeder lines of set 324. Accordmg to the clock distribution network
of the present invention, by tapping into the feeder lines, via
associated aligh’ment lines, a component. block circuit is insured a
clock signal with less than 100 picosecond clock skew associated with

the feeder lines.

Figure 6B also illustrates power supply lines 699 that are
coupled to each of the 10 intermediary clock drivers 310-314 and
691-695. The power supply lines 699 'are also coupled to each of the
global drivers coupled to the intermediary clock drivers. The power
supply lines 699 are also coupled to the power pads (not shown) of
the power cells of the microprocessor for access to Vec and Vss. By
locating the intermediary and global clock drivers next to the
periphery of the microprocessor, the power supply lines 699 are
advantageously  short and therefore generate reduced noise over the

clock network and the microprocessor of the present invention.

A power management module 610 is provided. in the
microprocessor device 200 of Figure 6B. A disable/enable request
line 661 is fed into the power management module from the
microprocessor device. When active, this line 661 indicates to the

power management module which of the five components 651-655



20 the PLL circuit (not shown) is then coupled to the input of driver 301.
It is appreciated that the details of such a PLL clock supply circuit is
not pertinent to the understanding of the present invention. Each of the
feeder lines associated with the gl obal driver 25 circuits is relatively
wi de and therefore has a high capacitance. However, since they are nmade of
M4 netal, they have a | ow resistance and t-ﬁ@refore a low RC skew i s

associ at ed al ong the -29 - lengt hs of the lines. Feeder lines 3la to 31L .

are associated with th al ob %ﬁ% of set 320 aaﬂ.s% 321. Therefore,
since there ard&°t48 FP?ﬁG rs 6l &h a%d‘ﬁ Bt R PN opr ocessor
there are thir 3 | e; S t f
the 5  micr op%%ae%‘?éﬁfe“"éo*&%?le Fof Raeq ' oot ahbPsf o el B e
enbodi ment of ifikh RRESOM dn@ﬁ?fiéls%ph&@ea fePdcld svgtrﬁllh ﬁh‘ﬂhahﬂh Ofs Riskt @8 the
W|dths of the feeder Ilnes of each of the six sets 320-324 for bot h si des
(i.e., 60 feedeerd ithas thotcanponeat ibencdgsugplplied arclbebssighaln The clock
5 signal is also supplied to the power management module 610 via line
681. The power management module outputs an enable bus 671
that carries five separate enable lines, one for each component. Each
enable line is responsible to coupling to the global drivers that
supply a component with a clock signal. When that component is
10 selected for power down, the respective enable line will become

disabled to disable each global driver.

The enable bus 671 is fed to each of the supply networks for
each of the 10 sets 320-329 and a particular enable line will be fed
15 to each of the NAND gates of each global driver. Within the enable
bus 671 there are five enable lines: enable_0 which controls
component block 651; enable_1 which controls component block 652;
enable_2 which controls component block 653; enable_3 which
controls component block 654; and enable_4 which controls
20 component block 655. The enable_0 is fed to set 320 and will
disable the bottom three global drivers of set 320 that are shorted
by alignment line 651a. The enable_1 is fed to set 325 and to set
326 and will disable the bottom two global drivers o_f set 325 and the
top two global drivers of set 326 that are shorted by alignment line
.25 652a. The enable_2 is fed to set 321 and to set 322 and will disable
the bottom three global drivers of set 321 and all six global driversi

of set 322 that are shorted by alignment lines 653a and 653b. The



percent of the total height dinmension of the mcroprocessor. 1 0
~Therefore, since the dinmension 335 of microprocessor 200 is approxi mately
12,000 mcrons, 5 percent of this figure is approximtely 600 m crons.
Therefore each feeder line of this exanple is approximtely 600/60 or 10

m crons w de. However, as a general rule tfﬁ feeder lines can be from10 to
20 mcrons maximum1l 5 wdth. Therefore;~since the m croprocessor device
is approxi mately 12,000 microns by 12, 000 in di rension, half of this length.

is 6,000 mcr OQﬁatﬁé 4h8 N hepf3rahdl REEN PbB”End Tl ResdaE thb”Bottom

di nensions in Tesent 1 nvention are therefore 6000 m crons by

mcrons. Since ldlﬁ! eirived 6P seeIBY anli fiRS (o ahied okl edrivérst o der 32816 i's
600 20 mcrons by 6000 microns creating 10 squares of resistance

associ at ed wi t thatharecsloarkeds bpyplalighimeas lode 5dagl el edablecd sisabxbaeoatetd

wi th both supplé sides of the m croprocessor 200. It is aE)prem at ed t hat
at this width, 334fandiavill disabliadhe top) é@urvglqbaladrg@mc%éé t32fc thathare

| d k, | Ho I '
const ruct ecd of SHRL SGRBVBCHOP PORE habelsAFomaRy FUOPERSSIoh Mg
Cheref o7 e tho. FiaGENoAES OBl edhidly! THMABICEIkSubly W any
| components within the microprocessor device in an effort to

conserve power across the microprocessor 200.

10 Power Management Procedure of the Present Invention:
With reference to Figure 7, the procedure utilized by the

present invention for power management of the individual
components of the integrated circuit 200 is illustrated. This flow
700, begins in block 710 and continues to 715 where it is determined
15 Dby the microprocessor that a power management action must be
taken. This indication may arise from an external input originating
from the overall system 130 or may arise from within the
microprocessor 200. Either way, a determination is made that the
system or the microprocessor or individual components within the
20 microproces"sor 200 are within an idle state and therefore power
down is desired. Or, alternatively, it may be determined at block
715 that the microprocessor and/or system 130 has been activated
subsequent to a power down state and therefore components of the
microprocessor should be enabled with the clock signal. Once it is
25 determined that a power management action is desired, at block 720
the microprocessor determines which components and component

blocks within the microprocessor should be powered down or



-3 0- Refer nowto Figure 4. According to the present invention, there are
sixty feeder lines 31 that supply clocking signals throughout the
m°cr opr ocessor topol ogy- al ong the upper processing 5 |ayer of the

m croprocessor. These feeder lines nmust couple with input clock |ines of
various circuit conponents of the m croprocessor. However, it difficult to
align the input clock signal |lines of the cpnponent blocks with the feeder
line locations. Therefore, the preferred enbodi mrent of the present

i nvention has supplied vertical 10 alignnent |ines associated with the

f eeder |ines thablR! %E?%gﬂgmlg&mgv&gns t jgcgggtfogegﬁh line and a

m cr oprocessor clrcuit requi res clock connettion. Figure 4
iIlustrates themeporintii§asdetahndrdeeoted i (198 fiti €dabls eantO"05 for cdioatsie)Viand
each. There are four m croprocessor blocks 420, 425, 430, and 440. These
bl ocks 1 5 r emidede to nautdishblekermibimadata Stvwetuee, tQOrcé rthat disabldlendbles of
each block may or may not vertically ali %n with_ a nearby feeder |ine,
data structure is created, at block 730 this data is signaled over the
5 disablefenable line 661 to the power management module 610 as a

disable/enable request.

_ Thé power management module 610, at block 740, then

decodes the disable/enable request data structure to modify the

10 signal levels on the enable lines that are coupled to the global
drivers. The power management module translates the flag set in
the disable/enable data structure to its corresponding. component
block and then locates the .enable line or lines that disables and
enables that particular compohent. Once the enable line is found, the

15 appropriate signal level is output (clocked by line 661) on that
enable line depending on the flag indicated value. At line 750 the
NAND gates of the global drivers associated with the enable line that
has been modified then respond to the signal assertion. If the line
goes low, then the global drivers associated with that enable line will

20 not generate a clock signal. If the line goes high, then the global
drivers will generate la clock signal. Thus, the component block that
receives its clock signal from these targeted global drivers will either
power down or power up depending on the flag indic'ationl.
Thereafter, the processing will return to block 700 for another power

25 management determination.



Therefore, vertical alignnent line 450 will act to short clock input |ines
of conponent bl ock 425 to the adjacent feeder |lines 3la, 31b and 31c. These
| i nes, and associ ated gtobal drivers 30a, 30b, and 30c 20 are called group
460. This group 460 will supply clock signals to circuit bl ock 425.
Simlarly, group 461 conposed of feeder lines 30d, 30e, and 30f will supply
circuit block 420 via alignnent line 451. -4t 462 wil | supply circuit block
430 with a clock signal via alignnment line 452 and group 463 will supply

ircuit block 440 via 25 ' ol | ifi ' t
i nes, ¢ he present - Ea8e Sohe e ithueaies ahetocaioR, 8 1bb oS BEAll cb,
ho. desi Mg SN ! A
1 T o T equCaty e BikhapiBbedor ivicd 2L icteint the Adtk Bk o T
any particul ar theepkent ifvention aballotftedcqWly allowa, tthase tpvaver! padk deffgut

line run across a vertical alignnment line at sone part ‘in the topol ogy of
the circuit commanelung the periphery of the microprocessor and provide a uniform
5 platform upon which to supply the clock supply network of the
present invention, It is appreciat;d that the exact number of power
supply cells is not crucial to the spirit of the present invention. What
is important are the characteristics (discussed in detail above) of
sucil power supply pads that are advantageously utilized by the
10 present invention for RC matching of the clock input lines to the

global drivers.

The preferred embodiment of the present invention, a clock

distribution network and clock interrupt network for use in an

15 integrated circuit device, is thus described. While the present
invention has been described in one particular embodiment, it should
be appreciated that the present invention should not be construed as
limited by such embodiment, but rather construed according to the
below claims.

20




51t is appreciated that the vertical alignnent |ines also act to couple
various segnents of a feeder |line that may not be perfectly aligned

hori zontal ly. For exanple, feeder lines 31d, 3le, and 31f are not perfectly
al i gned— right sides of alignment l[ine 1 0 451. Line 31d

drops slj on the righi’l, and lines 31le and 31f rise slightl ,ti_o‘_;th,e;, e
ri ght. TH m H’IIIJUIﬂ 15 acts to connect these slight K84 Pghnames :
and coup d egnents of #Hése feeder |ines togetiher. . -

m sal i gnment anount is fypically on the order of a few nicroffS between
segnents of a feeder line. 15 Referrigngugtill to Figure 4, each of the
vertical alignnent lines is constru M3 netal which is a | ower |evel
nmetal then the Md netal. The present invention utilizes M3 netal because
bot h power and c| ock signals run parallel .in,the Mi | eyel d.vertical
coupling 20 |ihes whuian dntegrated, circwils bavipg ja r plarality I&nn&"ciléfget her
whi ch i.s undesirable. Therefore, to avoid this result, a different |evel,

MB, was sel GRMPANERIS #Rd: Ae I BERCTAION o FHFEHIL | AR eAPPATANS L SYPPLYIng ¢ wo
alignment 1) Nttty 31 shetrondid Wodk LiGRAR to' 553 pliiadit) Sof Wrcuit

components, said plurality of synchronous clock signals referenced

from said clock generator circuit, said apparatus comprising:
| a plurality of global clock driver means uniformly diSposed
along a periphery of said integrated circuit, said plurality of global
clock driver means for generating a plurality of synchronous clock
signals; and

a plurality of feeder means, each feeder means coupled to a
global clock driver means, said plurality of feeder means for
supplying said plurality of synchronous clock signals from said
periphery of said integrated circuit to said plurality of circuit

components of said integrated circuit.

2. An apparatus for supplying a plurality of synchronous
clock signals to said plurality of circuit components according to
Claim 1 further comprising power cell means disposed along edges of
said integrated circuit, said powér cell means for prdviding spatial
areas within said integrated circuit for coupling said integrated
circuit to a power source and wherein said plurality of global clock
driver meané are disposed within said power cell means of said
integrated circuit.

This. Sheet Has
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to the build up of resistance added upon addition of alignment |ines. 25

As show in Figure 4, ali iline 455 is the.second alignnent |ine added
to group 46 I ne 4@% .added to power circuit block 435. Since
r

there are two ‘“ﬁ nt |ines 453 and 455 -3 2-¢ .ed..to the
f eeder Ilnes !‘ e may not.§g.any additional verlHl&&HHEET HAS BEEN
al i gnnment '

at t achdd to group 463. It should be noted that thREF’UNCEQ

uni formthe I\/I4 feeder lines 31 are across the mcroprocessor tietess—the
resi stance contribution of the M3 5 alignnment lines will be. 'In other
wor ds, when vertical alignnent |lines short adjacent feeder lines that are
spread far apart3the Ahi gpparatusi for \sulpplyingt a (ploralityl @fi sghghronous

resi stance and signal skew to the clock supply network then if the feeder
lines were dbokesignalsadedsaidhpluratity, of tcifeuitdxmpengntssacoording g to the 1
O present invention to locate the feeder |ines 31la-311 unifornly across
t he mi cropr@laissdr fairther comprisiagpr eci ated that vertical alignment
an intermediate driver stage comprising a plurality of

intermediary clock drivers for supplying clock signals to said

plurality of global clock driver means, each of said intermediary

clock drivers for supplying a set of global clock driver means via an

intermediary clock supply network.

4.,  An apparatus for supplying a plurality of synchronous
clock signals to said plurality of circuit components according to
Claim 3 further comprising: -

a common clock driver stage comprising a common clock driver
for supplying a clock signal generated by said clock generator circuit
to said plurality of intermediary clock drivers via a common clock

supply network.

5. An apparatus for supplying a plurality of synchronous
clock Signals to said plurality of circuit components according to |
Claim 4 wherein said common clock supply network and each
intermediary clock supply network are comprised of a plurality of
coupling lines, each of said plurality of coupling lines having
substantially similar length and width such that they are resistance

matched.

Thls Sheet Has Been Rep
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lines typically short anywhere fromtwo to eight feeder lines within the
present invention. 15 - i s appreciated that Figure 4 illustrates

only two groups 320 and ithe five groups of the left side of the

cl ock distri k\M\ r‘ s“ﬂi@“ﬂLtlhe present invention. It is pynderstood that—
the other thriek 4 liogously coupled to supply cl opHIS SHEET $ASBEEN
various ot her conponent bl ocks of the Mgy opr ocessor 200. Fu ther,RIQQA(;Em:(

i s understood that the right side of the ‘mcroprocessor is akse—anatogousty-
coupled. Only global driver groups 320 and 321 of the present invention are

illustrated in g gureq é@%r?h?sr ifby’“‘??ﬁ}?’ii‘?%i 2 Pnﬂﬁﬁﬁ' ogg_mrﬁqﬁﬁugnti re

cl ock distribution networ the pre venti on cont ai ar

structure apgbk Wighalento Fard 3_519?@;%»2& éire@itdcomponehl axeoYding s uUSSi ons,

the present i1nvention clock distribution network advantageously provides 60
feeder 1inglaithtH Whefdinvsdidopluralitp wfeicouplingktine$ &f Shid Yomm©aslock
t opol ogy may -3 3 - :

supply network and said intermediary clock supply network are

disposed within said power cell means so that they are capacitance

matched.

7.  An apparatus for supplying a plurality of synchronous
clock signals to said plurality of circuit components according to
Claim 1 wherein said integrated circuit is a microprocessor device
having a first overall dimension and wherein widths associated with
said plurality of feeder means do not sum in excess of 5 percent of

said first overall dimension of said microprocessor device.

8.  An apparatus for supplying a plurality of synchronous
clock signals to said plurality of circuit components according to
Claim 1 wherein said plurality of synchronous clock signals
generated over said feeder means do not contain a clock skew in
excess of 100 picoseconds associated with any point of any particular

feeder means.

9.  An apparatus for supplying a plurality of synchronous
clock signals to said plurality of circuit components according to
Claim 1 further comprising a plurality of alignment lines for coupling
select circuit components to selected feeder means of said plurality

of feeder means, said plurality of alignment lines dis_posed-

perpendicular to said plurality of feeder means.
| This Sheet Has Been Replaced
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be coupl ed. At _any point along any_-qﬁ;ég-shgetﬁégeghq@gjﬁcehi nes a conponent bl ock

can expect to receive a clock signal g NHe§ 100 pi coseconds of '
cl ock sk mﬂm ﬂm uni que and Fﬂu U EHHH [“'I ock distribution system
of the pﬂMﬁm | 1 ‘51 It is apprie®! lthe sel ection of> 30

gl obal driVer%s for "eath vertical edge of. the microprocessor 2
an arbitrary nunber and nore or |ess can be selected within t
the present invention. The only limtatiLgQ.being the amount o

T,

f fre

E{?gﬁ‘;% BEEN

ERbACED

space within the topol ogy of the m croprocessor allow ng for clock signal
generation and distribution. The circuit conponents of the m croprocessor
200 are those conponents utilized to constitute the overall m croprocessor.
These conponents nmay typically include the Arithnetic Logic Unit (ALU), the
| nstruction FetchOUni A | dpgaratusS fox esupplgingna tplurdipheofUsiynsheowbuius
Control Units anong others. Cock Interrupt Feature of the Present
| nventi on: Glockpsigmals etd saib pluralityodf tdiecyit esemponentsniacoording otopr ovi des

J gr oup
(i.e., any Cdaimerl|whereinhsaids pluradity vof facdermmeans:rare ceomposed of an

the ability to disable the clock signal to any feeder line 20

upper level metal M4.

11. An apparatus for supplying a plurality of synchronous

clock signals to said plurality of circuit components according to

Claim 1 wherein said plurality of global clock driver means are

disposed in a substantially uniform pattern along two opposing edges

of said periphery of said integrated circuit.

12, In a microprocessor device having a plurality of circuit

components, an apparatus for supplying a plurality of synchronous

clock signals to said plurality of circuit components, said appatatus

comprising:

a plurality of global clock drivers uniformly disposed along a

periphery of said microprocessor device, said plurality of global clock

drivers for generating a plurality of synchronous clock signals;

a plurality of feeder lines, each feeder line coupled to a global

clock driver, said plurality of feeder lineS for supplying said plurality

of synchronous clock signals from said periphery of said

" microprocessor device to said plurality of circuit components of said

microprocessor device;

- power cell means disposed along edges of said microprocessor

device, said power cell means for providing spatial areas within said

microprocessor device for coupling said microprocessor device to a




alignment line). This is acconplished via further ci rcuitry associated with
each gl obal clock dri 1associ-ated with the distribution network.
Figure 51 Hal driver of the present invention that

ustrates the ] : |
cont ai ns t{lm“mm““c““ﬁ E tui re_d to di sabl et he cl _ock 25 signal. A ..
gl obal dri BN ated in nore detail. An input 52 TRET IS BEEN‘

clock signal*irfto*the driver and input 525 carries an enabl e |s'
the driver. Both the enable |ine and t he5deck -3 4 - signal__ar E |
.into a latch circuit 511. The clock signal is fed to the clock input which
is asserted |low and the enable signal is fed to the latch D input. The Q
out put of tpowen sourcel dnd rwherein ssaidNpluality 5of) globakic¢logk drvers qse
signal. Therefore, when the input of the 5 enabl e pin 525 goes | ow the
NAND gat e 5Hisppsad avithins said ppewer reelh meamsil andhen the i nput of the

enabl e pin 525 goes ,high (asserted) the output of the NAND,gate_w || be the
i nverse of the clﬁbﬂnﬁfwﬁﬁﬁa@ ITIV¢Te SERES ROTBPTISHIE N lg&l’gyﬂf) is then

coupled to intermediary clock drivers for supplying clock signals to said

plurality of global clock drivers, each of said intermediary clock
drivers for supplying a set of global clock drivers via an

intermediary clock supply network.

13. An apparatus for supplying a plurality of synchronous
clock signals to said plurality of circuit components of a
microprocessor device according to Claim 12 further comprising:

a clock generator circuit for generating a feference clock signal;
and

a common clock driver stage comprising a common clock driver
for supplying said reference clock signal to said plurality of

intermediary clock drivers via a common clock supply network.

14. An apparatus for supplying ﬁ plurality of synchronous
clock signals to said plurality of circuit components of a
microprocessor device according to Claim 13 wherein said common
clock supply netwdrk and each intermediary clock supply network
are comprised of a plurality of coupling lines, each of said plurality of
coupling lines having substantially similar length and width such
that they are resistance matched and wherein said common clock

supply network is disposed within a power supply ring of said

microprocessor device.
This Sheet Has Been Replaced
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the input of an inverter 515 and the output of the inverter is taken 10
as line 3laT river 30a.! According to the present invention when the

e

enabl e line i Mo% a global driver 30a, the clock signal wll
not be dri ve"rmmmﬂ M. ed feeder line 3la. Wien the enableline is
asserted thens gl |

associate feeder line with a clock sigrdil-15 The latch 511 i$ | mpl g AL
by the present invention so that no enable action will take pl
clock signal is asserted high. That is, all enable state changes wll take
pl ace one cl ock I8.cl eAnf apparates ciosc Rupplyingi o phetakity hef cspnghroapysal
changed status. 20 Wien the clock is high, it is not desirable for the
ni cr opr ocesdoek tsignalsnge saidplurality; of cif¢pit fQmpongats Q?c‘h 511 prevents

the enabl e signal fromreaching the, NAND gate 5 until ., the, gl ock ..
transiti ondNICTAPEQGRESOT Hdeirce (AcGaTding it I%g\%‘@sil«%rt“&&eftebnl%ﬁahpg‘l@?“IS
Figure 6A il ustrates, not .to scale, .Cr opL Qcessor,.200 withs apn.enabl e
net wor k 'desqtjglﬂi?lhat %*Hi"\??fﬁst%&t@ﬁ’_ra‘%i‘ﬁ{tlﬂgﬁrme&‘@ﬁf ger%?é t‘i}éﬁers

utilizi n,g tar}led %la? a{ntglr'r'ng&fa%yac oSéEO\gﬂpl')Py Ft{ Wo?'kSareF'gﬁ”&isgésed within a

spatial area of said power cell means of said microprocessor.

16. An apparatus for supplying a plurality of synchronous
clock signals to said plurality of circuit components of a
microprocessor device according to Claim 12 wherein said
fnicroprocessor device has a first overall dimension and wherein
widths associated with said plurality of feeder lines do not sum in
excess of 5 percent of said first overall dimension of said
microprocessor device and wherein said plurality of synchronous
clock signals generated over said feeder lines do not contain a clock
skew in excess of 100 picoseconds associated with any point of any

particular feeder line.

17. An appafatus for supplying a plurality of synchronous
clock signals to said plurality of circuit components according to
Claim 12 wherein said plurality' of global clock drivers are disposed
in a substantially uniform pattern along two opposing edges of said

periphery of said microprocessor device.

18. In an integrated circuit having a plurality of circuit

components, an apparatus for supplying a plurality of Synchron'Ou s
ecet Has Been Replaced

i

obal sdrfver will act as described above t¢THIS GHEET $1AS BEEN




-3 5 - illustrates set 320 and part of set 321 adopting the clock int'errupt
features of the ' ion. Set 320 is driven by the high power

i nt er medi aryﬁW the six gl obal drivers 30a- 30f are

ggﬂg: eldetngtthhim\“\lﬂnm\ i Ver 310 via a matched 5 net work 361 —-haw q:ﬁé?

\ |n\|.es and mat ched capacit ance (iHi%iSHEERHASO
supply ring. Al%so ‘coupl ed to each gl obak5@-i ver 30a, 30b arjd 30c RERLACED

N

enable[err]0 line on Iine 670. The enable[err] O line is al'se—coupted 10 a
power managenent unit 610. Coupled to the repminder of the global:drivers
of set 320 ¢logk, sigrals 1o said pomlitys ofecircait components, §aid APPAHUST set
321 is another enable line 667, enable). Enable Iine 667 is also coupled to
t he power ne@EIPIFRMREiunit 610. A further enable line 670, enable[err]3 is

coupled to global drivers 30h_and 30i .of set 321, and,al so0 coupled to the
power managenent anplality of glpabﬁoéﬁ"%;ﬂﬂ‘fﬁfiss“ﬂ}fgmf 1SRO8 1ﬁgngoat he

T ahBnaal S ol e (h P RIAY B GRAAT o £ 3
drivers for generating a plurality of.synchronous clock signals; and
a plurality of feeder lines, each feeder line coupled to a global
clock driver, said plurality of feeder lines for supplying said plurality
of synchronous clock signals from said periphery of said integrated
circuit to said plufality of circuit components of said integrated

circuit.

19. An apparatus for supplying a plurality of synchronous
clock signals to said plurality of circuit components according to
Claim 18 further comprising power cells disposed along edges of said
integrated circuit; said power cells for providing spatial areas within
said intégrated circuit for coupling said integrated' circuit to a power
source and wherein said global clock drivers are disposed within said

power cells of said integrated circuit.

20. An apparatus for supplyihg a plurality of synchronous
clock signals to said plurality of circuit components acc'ordin'g to
Claim 18 further comprising:

a plurality of intermediary clock drivers for supplying clock
signals to said plurality of glbbal clock drivérs, each of said
inteimediary clock drivers for supplying a set of global clock drivers

via an intermediary clock supply network; and

This Sheet Has Been Replace
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The di sabl e/ enabl e request |ine 661 specifies which of the enable |ines
665, 667, and 670 will be asserted or not. It is appreciated that each
i nt er medi ar y—d and 311i couples to one input of each 20 NAND gate

N

of each gl oba ' ‘\ \ ch enable line is coupled to the other_ input
of each NAND k‘ mm‘! “ | driver. A vertical alignment |iheHi828HEET HAS B

shorts feeder S

612. Further, a vertical 25 alignnment |L$§8-623 shorts feeder |ihes

and delivers a clocking signal to circuit block 613. Lastly, a vertical
alignment |ine 624 shorts feeder lines 31h and 31i to supply a clock signal
to circuit - 3 §-cohamdn Gldck Fdvver for nsupplying i clock asigoal sgendragedbal
drivers forma group that is controlled by enable[err] O line 670. Feeder

| i nes 31d- 31by asaidackonki gemerafioobeircuiti taersaid oplurality cofp intexmedianyorelock | ed -

by enable[err]1 Iine 667. Feeder |ines 31h-31i and associated global 5
dri vers. f or ndeivgrsowiat Aacommewnclogk supply aeswiotkerr]2 |ine 665.

21. An apparatué for supplifing a plurality of synchronous -
clock signals to said plurality of circuit components according to
Claim 20 wherein said common clock supply network and each
intermediary clock supply network are comprised of a plurality of
coupling lines, each of said pluraiity of coupling lines having
substantially similar leﬁgth and width such that they are resistance

matched.

22. An apparatus for supplying a plurality of synchronous
clock signals to said plurality of circuit components according to
Claim 18 wherein said integrated circuit is a microprocessor device
having a first overall dimension and wherein widths associated with
said plurality of feeder lines do not sum in excess of 5 percent of said

first overall dimension of said microprocessor device.

23. An apparatus for supplying a plurzility of -synchronous
clock signals to said plurality of circuit components according to
Claim 18 wherein said plurality of synchronous clock signals
generated over said feeder lines do not contain a clock skew in
ekcess of 100 picoseconds associated with any point of any particular

feeder line.
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According to this configuration, when the poWer managenent nodul e 610

di sables Ii ; rr] O pin is not asserted and the cl ock

signal to circul ock 612 is tenporarily interrupted until the S
enabl e[err]0 IME EUH{'@BIM% asserted. In so doing, the HAS BEEN
invention off sWwhich circuit block 612 can be po d

during periods of power nmanagenent. It Ls§4appreciated that eath i ndRER B‘;‘P —
groupi ng of feeder lines (defined by the vertical alignnment) nusT share the-
sanme enable line. As shown in Figure 6A, internediary clock driver 311

suppl i es the clocBing Aingregparatl €oel supplyiitg verpluzality 36h syndhidliouy set
~321. Simlarly, the power nmanagenent nodul e 610 may interrupt the supply of
the clock sicluek sigmals aoi safdl ployalitys ob| cinguie nedrnpbaenisl accardingetcs67 or
enabling the clock signal to circuit 613 by asserting line 20 667. The
power manage@aim nbiuwherein said iplurality pof tfeederuliries afe tdomposedk ofi amal to
circuit, 614 by disabling enable[err]2 via line 665 or enabling the clock
signal to ciupper lgvel @e'&ésMet-i ng |line 665. The di sabl e/ enabl e request

line 661 is a parallel input line that carries a flag bit for each circuit
bl ock of the m croprocessor topology. If a 25 particular circuit block is

desired t then the bit -
estred to poner %gwn Anenappa(}atuls for supplying a plurality of synchronous

clock signals to said plurality of circuit components according to
Claim 18 wherein said plurality of global clock drivers are disposed
in a substantially uniform pattern along two opposing edges of said

-periphery of said integrated circuit.

'26. A computer system comprising:

bus means for coupling system components, display means
coupled to said bus means, memory means coupled to said bus
means, information storage means coupled to said bus means and
micropfocessor means having a distributed clock network, said
microprocessor means coupled to said bus means, said
microprocessor means further comprising:
| a plurality of circuit components;

a plurality of global clock driver means uniformly
disposed along a periphery of said microprocessor means, said
plurality of global cioc;k driver means for generating a plurality
of synchronous clock signals; and

a plurality of feeder means, each feeder means coupied to
a global clock driver means, said plurality of feeder means for
supplying said plnrality of synchronous clock signals from said

T

i



associ at ed [ rcw t bI ock is set off "0." Table | below indi cat es
t he di ffere a be sent over the -37 - enableftdisabte—t+ine

661 to contra es of the circuit blocks 612, 61

TABLE | 5 Line 661 Status of :_Enab e/ Di s 8 flon Replaced
Bl ock 612 Bl ock 613 Bl ock 614 000 m‘”“l“ “HlH“‘
001 OFF OFF ON 10 010

OFF ON OFF 011 -~ =35- oFF UON 100

ON OFF OFF 101 ON | ON 110

ON

periphegy: Fof said microprocessor means to said plurahty of

circuit components -of said microprocessor means.

27. A computer system in accordance with Claim 26 further
comprising power cell means disposed along edges of said
microprocessor means, said power cell means for providing spatial
areas within said microprocessor means for coupling said
microprocessor means to a power source and wherein said plurality
of global clock driver means are disposed within said power cell

means of said microprocessor means.

28. A computer system in accordance with Claim 26 further
comprising:

a plurality of intermediary clock drivers for supplying clock
signals to said plurality of global clock driver means, ‘each of said
intermediary clock drivers | for supplying a set of global clock .driver

means via an intermediary _clock suppiy network.

29. A computer system in accordance with Claim 28 further
comprising:

a common clock driver for supplying a clock signal generated
by said clock generator circuit to said plurality of intermediary clock

drivers via a common clock supply network.

30. A computer system in accordance with Claim 29 wherein
said common clock supply metwork and each intermediary clock

supply network are comprised of a plurality of coupling lines, each of



15 111 ON ON ON According to the
above descr W nvention may selectively interrupt supply
of the cloc rgnal to an the circuit blocks of the m croprocessor

"t opol ogy. Thi mwmnﬁﬁt& bn 20 environnents where power consunption
needs to be r \“\m

rved such as within a Iaptop___J).a.L.t_ax—ﬁ—-—
oper at ed conmputrer tsyst e envi ronment . §gtl lizing the power mm&aﬁﬁﬁin AS Bhtﬂ

nodul e, a nicroprocessor or operating systém may determnine that C eRERUAOED
bl ocks within the m croprocessor should be. povvered down to 2%—cenrserve

Cepend mocRidTRNTAEYoff ocouiane iR | Fhyih 3%§ﬁ%ﬁ§ﬁa@9t Sl B o

g
that represen ass | t be s ded. Th
associ at ed @é{b?’é r‘?é’c i Itﬁé‘t ﬂg%sﬁﬁ rgg%ﬁgﬂf(%e e ¢d dr| vergsgggogl at ede

with the group of drivers and 30 feeder lines that power the particular
circuit block (via a conmmon vertical alignnment |ine).

31. A computer system in accordance with Claim 30 wherein

said plurality of coupling lines of said common cl_ock supply network
and said intermediary clock supply network are disposed within said

power cell means such that they are capacitance matched.

32. A computer system in accordance with Claim 26 wherein
said microprocessor means includes an overall dimension and
wherein widths associated with said plurality of feeder means do not
sum in excess of 5 percent of said overall dimension of said

microprocessor device.

33. A computer system in accordance with Claim 26 wherein
said plurality of synchronous clock signals generatéd over said
feeder means do not contain a clock skew in excess of 100
picdseconds associated with any point of any particular feeder

means.

34, A computer system in accordance with Claim 26 further
comprising a plurality of alignment lines for coupling selected circuit
components to selected feeder means of said piurality of feeder
means, said plurality of alignment lines disposed perpendicular to

- said plurality of feeder means.

This Sheet Has Been Replaced
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-3 8- It is appreciated that according to another embodi nent of the.
present inve nable lines could al ternatively be driven _

to the interned| rs 310-314 to disable clock supply to the

mat ched net wor mm E ‘ he 'sets of ‘global 5 drivers. Using this

design, enti r-e ) S 324) of global drivers would [

by a signal enable line. This.inplenment aggon Is a less conpl {ij?%WE@ffﬁ% BEEN
€ fery cBEPLACED

i npl ement ati on conpared to the one di scd¥ded above of the pr

enbodi ment. However, this enbodinent is Iess fl exi bl e since the enable
| i nes power dovvn33n e& re se %’ vers ﬂ} (?@t'i % | sabl i ng
the internedi ary riv scompp "'trhéy eﬂhdﬂeﬁgc? APLe Wit 11, nEReSn

the sane 11 i PRIy of Pied®s ifend hae Gfipates Pid*mtéﬁvﬁ%“?w% e T

conponent sppps several sets than this enbodi nent may not be as flexible in
1 5 powering down that conponent as the preferred enbodi ment of the present
i nvention. For clarity and purposes of discussion, only two sets 320 and
321 of the clock distribution network have been illustrated within

36. A computer system in accordance with Claim 29 wherein
said common clock supply network is disposed along a power supply

ring of said microprocessor means.

37. A computer system in accordance with Claim 26 wherein
~said plurality of global clock driver means are disposed in a
substantially uniform pattern along two opposing edges of said

periphery of said microprocessor means.

38. In an integrated circuit having a plurality of circuit
components ‘and a clock generator circuit, a method for supplying a
plurality of synchronous clock signé,ls to said plurality of circuit

. components, said method comprising the steps of
| generating a common clock signal;

generating a plurality of synchronous clock signals by
providing a plurality of global clock driver means uniformly disposed
along a periphery of said inte_grated circuit;

supplying said plurality of synchronous clock signals from said
periphery of said integrated circuit to said plurality of circuit
components of said iniegrated circuit by providing a pl;Jrality of
_feeder means, each feeder means coupled to a global clock driver

means; and

This Sheet Has Been Replaced
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20 Fi gur-e 6A. However,- the discussion of these two sets is applicable to

all set=

net wor k.

managenment nodul e 610 al so generates
t he supply of clocking signals to the gl obal

the two vertical edges of the m croprocessor of the

i s appreciated that the decoding schenme of Table |

present i ion. It
will be “ﬂﬂ@% !w”mmm date further circuit bl ocks of mni Ehigphees
200 t hat '« M' ith the other sets of the 25 cl ock4_ IH“

Consi st'ent® wi*th the above, it 53 appreci ated that t
=J8°9

Replaced

i

- enabl e signals that control:
drivers | ocated on the right

Figare 6B 11| ust ARREIEGEd Pamaien SISTK ERRL Yadtie' Bl o ISRAL, °

net wor k desi

hat can be constructed within the present invention

n,t
utilizing tAOcK SENEIGMEARS a5 shown in Figure 5. Figure 6B illustrates a

typi cal
with all

clock distribution system configuration of the present
of the global drivers illustrated. There are

39. A method for supplying a plurality of synchronous clock
signals to said plurality of circuit components according to Claim 38
wherein said step of generating a plurality of synchronous clock
signals further comprises the steps of:

providing power celll means disposed along edges of said

integrated circuit, said power cell means for providing spatial areas

within said integrated circuit for coupling said integrated circuit to a -

power source; and
disposing said global clock driver means within said power cell

means of said integrated circuit.

" 40. A method for supplying a plurality of synchronous glock
signals to. said plurality of circuit cofnponents according to Claim 38
wherein said step of supplying said common clock sfgnal to said
plurality of global clock driver means further comprises the steps of:

supplying clock signals to said plurality of global clock driver
means via a plurality of intermediary clock drivers, each of said
intermediary clock drivers for supplyin.g a set of global clock driver
means via an intermediary clock supply network; and

supplying said common clock signal to said intermediary clock

drivers via a common clock supply network.

41. A method for supplying a plurality of synchronous clock

signals to said plurality of circuit components according to Claim 40

i nvention



1 0 thirty global drivers on each side of ‘the m cr oprocessor integrated
circuit. there are five sets of 6 drivers each on the

left side,- ' ,7322, 323, and 324. These five sets are driven
by inter rredl wmil H 311, 312, 313 and 314 respectively. The common__
clock drivel's ed to a clock 15 generator or os¢igd = BEEN
I nput and drives an RC -matched network whi ch supplies the fi\;@@%‘éé&%é\gary'
drivers 310-314 on the left and the fiv®3nternedi ary driveds_ 6911 :

| ocated on the right side. Each of the sets 320-324 is driven.by its :
LTS5 b Swipreln ud, saspsneelodk Sy BoruoHe Shichech SR 51 *
Foedor 11 nelodk SRR AOIBEATIG AT SOMPHEH P & PIUAIAN, O CRAIEHE 1SS hown
oide, theyearh Shisaidonfurglify obSoulipeslines haKig upstaniially, Amifar, en by

i nt er mredi a i ver 69 93,..694 and 695 respectiyely. The common
cl ock dri Vi¥n 13;5!;676%1; ) fq?\; they are résistahEE PR NEL Y

42. A method for supplying a plurality of synchronous clock
signals to said plurality of circuit components according to Claim 41
further comprising' the step of disposing said plurality of coupling
lines of said common clock supply network and said intermediary
clock supply network within said power cell means so that they are

capacitance matched.

43. A method for supplyihg a plurality of synchronous clock

signals to said plurality of circuit components according to Claim 38

~ wherein said integrated circuit is a microprocessor device having a
first overall dimension and wherein widths associated with said

plurality of feeder means do not sum in excess of 5 percent of said

first overall dimension of said microprocessor device.

44, A method for supplying a plurality of synchronous clock
signals to said plurality of circuit components according to Claim 38
wherein said plurality of synchronous clock signals generated over
said feeder means do not contain a clock skew in excess of 100
picoseconds associated with any point of any particular feeder

means.
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-40- internediary drivers 691-695 via a sep'arate RC mat ched network for
each. Each of the Ssets 325-329 is driven by its respective internediary

driver via amm rk. By employing this staged distribution
systemw th Imﬂl H networks per 5 stage, the preser l'gug T RRS Iﬁéﬂ
ﬂEE” feeach

able to deliver <l éack®signats onto the right side feeder Ii
gl obal driver which are in synchronizat+6f- Therefore, accor{di ng {REPLAGED
above, the mcroprocessor generates 60 feeder lines, one for each gl obal
driver to supply the m croprocessor conponents with a_synchronized cl ock 10
signal. It is P ecAamEDHafOI upplyingea plesality of stynnhspnous elorkof
the internedi ate drivers, on_the lJhe1t and right, exists_wthi ngi{le power
supply ri ngsignalsnto said pplurglity ofhsineni gompaneats according got Glaim 38
appreci at ed tt}‘e}é the ipternediary drjvers,, the tclhe .networ ks that supply
the gl obal WIRET: SOMPIISIAG theo AP 4Pf \Caupling said plyrality. Qe §ixguihi n  he

power supply cells of the . mcr ocessor. Wth referenge to Fi.gure 6B,
there are f'%PWE?%ﬁBC%@%W‘ﬁ?ﬁB@%HFgaW Iq{sltsﬁ"é{ dﬂ““@&‘f @55‘?3 3, 654
and- 655. Itm'e%ns via a plurality of alignment lines, said plurality of alignment

lines disposed perpendicular to said plurality of feeder means.

46. A method for supplying a plurality of synchronous clock
signals to said plurality of circuit components according to Claim 38
wherein said step of generating a plurality of synchronous clock
signals comprises the step of disposing said global clock driver means
in a substantially uniform pattern along two opposing edges of said

periphery of said integrated circuit.

47. In an integrated circuit device having a plurality of
circuit components, an apparatus for power management of said
integrated circuit, said apparatus comprising: _

a plurality of global clock driver means dispdsed within said
integrated circuit device, said plurality of global clock driver means
for generating a plurality of synchronous cidck signals;

a plurality of feeder means, each feeder means coupled to a
global clock driver means, said plurality of feeder means for
supplying individual circuit components of said integrated circuit
device with clock signals;

disable means disposed within each global clock driver means

for interrupting said synchronous clock signal supplied by each

global clock driver means; and .
- This Sheet Has Been Replaced:
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el enents of
cl ock signal

theprlesemt si nvention. Circuit component 651 is suppl |
via alignment 25 .1ine 65la_pRich shorts feeder lin "n,”"l
320. Circuit conmponent 652 is supplied with a clock signal via a - !

| i ne 652a which shorts feeder lines of set 325 and 326. Circuit conponent

at there can be a vari ety of different circuit 20 conponents

appreci at eH
pl aced at different Tocatd within the m croprocessor consistent within

t ie scope oiﬂl"ﬁ",ﬂ) g i apeNtion clock distribution and interrupt ——————————
network. T mﬁmm”"knents are shown for illustration Oﬂﬁst&lﬂetH_asBee

05 o PP b1 S S e, e

653b whi ch shorts

set 32

suppl i ed wi tgogpledots sdi@niitegtated! cirbiRNdelicee 6P Abiboltihg Naid sdisgBreeT
lines of set 3 and set 328. "Circuit conponent 655 is'5 supplied wwth a

clock si gnal me¢ansato welegtivelyndnferbadptvorc festoes t saileggachionns @loclet 324.

According to the clock distribution network

signal to various circuit components of said integrated circuit device.

48. In a microprocessor having a plﬁrality of circuit
components, an apparatus' for power management of said
micrdprocessor, said apparatus comprising: |

a plurality of global clock driver means disposed within said
microprocessor, said plurality of global clock driver means for
generating a plurality of synchronous clock signals;

a plurality of feeder means, each feeder means coupled to a
global clock driver means, said plurality of feeder means for
supplying individual circuit components of said microprocessor with
clock signals;

disable means disposed within each global clock driver means
for interrupting said clock signals supplied to said individual circuit
components; and

power management means coupled to said disable means and
coupled to said microprocesSoi‘ for controlling said disable means to

selectively interrupt or restore said synchronous clock signal to

~ various circuit components of said microprocessor.

49. An apparatus for power management of said
microprocessor in accordance with Claim 48 wherein said power
management means further comprises a disablefenable reqﬁest from

said microprocessor indicating which circuit components of said

n Replace

and 322. Grcuit conponent 654 is



of the present invention, by tapping into the feeder | i nes,_via associ ated

ali gnnent‘—l-ﬁ#es—a—ee#pgne,m block circuit is insured a clock signal w

| ess than Iock skew associated with 1 0 the f'életﬂheetlﬂiasmnkepla ed
Fi gure GB m ‘l’lmﬁ ﬂf& power supply lines 699 that are cou m,!ﬂ!@m
of the 10 =n ck drivers 310,314 and 691-695. The: Hlm
| ines 699 are al so coupled to each of tﬁg 5 global drivers couple '
i ntermedi ary clock drivers. The power supply lines 699 are al'so coupled to

t he power p .not e e r

access o WRUTalify\ef CBERl: SomihdipSuiivot Ml Adi°pl SUARIAF SIRR sat
drivers nexélotcg {rgqm@@rl phery of the mcroprocessor, the power supply lines
699 are 20 varmt ageéously short and therefore generate reduced noi se over

the clock network and the m croprocessor of the present invention. A power
managenment nodul e 610 is provided in the mcroprocessor device 200 of

Figure '6B. A di s§l e/ Ambippacsuse for Ppower nan@gententeof i sdid t he powver
managenment nodul e from the m croprocessor device. Wien active, this line

661 i ndi cat arictoprobessorvin acvvrdanest withd Claimhid@h wiierefre §a1dedtswhb@nent S
651- 655
means comprises a separate enable line for each circuit component of

said plurality of circuit cqmponents.

51. An apparatus for power management of said
microprocessor in accordance with Claim 50 wherein each enable line
associated with a particular circuit component is coupled to each
disable means of all global driver means supplying clock signals to

said particular circuit component.

52. An apparatus for power management of said
microprocessor in accordance with Claim 48 further comprising
power cell means disposed along edges of said microprocessor, said
power cell means for providing spatial areas within said
microprocessor for coupling said microprocessor to a power source
and wherein said global clock driver means are disposed within said

power cell means of said microprocessor.

53. A computer system comprising:

bus means for coupling system components, display means
coupled to said bus means, memory means coupled- to said bus
means, information storage means coupled to said bus means and

microprocessor means having power management functions, said

t7n



_42-"1to be enabled or disabled. There is a flag within the power nanagenent
nmodul e for- dif that flag is asserted then the conponent

i 5 suppli lgnal. If that flag is reset to-zero then the
corrponentﬂ ﬂﬁlm mﬂa a clock signal. The clock 5 signal is also
supplied t n S genent nodul e 610 via line 681. T|

managenent nodul e outputs an enabl e bus_@ 1 that carries fi mfﬁ HAS oie..
enabl e |ines, one for each conponent. Eath enable line is rgsponsREALACED

coupling to the global drivers that supply a conponent with a clock signal.

e wit oOI3SRRCesstr ctheal FOugRd 30 BAUFbuSPHbanls Sat§pnectl o> €001 6
is fed to elﬁfé}q?)trofzs'fso?u. #X%_gepggﬁ%sé%pgﬁ@ gof the 10 sets 320-329 and a

particul ar ‘enabte TTne w each~of the NAND gates of each
gl obal driver. Wthin thargRaplof 3¥6b4l7 bléde dtivere M Aisposed witkin

enabl e[err] O which controls

said microprocessor, said plurality of global clock driver means
for generating a plurality of synchronous clock signals;

a plurality of feeder means, each feedér means coupled to

-~ a global clock driver means, said plurality of feeder means for

supplying individual circuit components of said microprocessor
with clock signals; | _ |

disable means disposed within each global clock driver
means for interrupting said clock signals supplied to said
individual circuit components; and

power management means coupled to said disable means
and coupled to said microprocessor for controlling said disable
means to selectively interrupt or restore said synchronous
clock signal to various circuit components of said

microprocessor.

54. A computer system in accordance with Claim 53 wherein
said power management means further comprises a disable/enable
request from said microprocessor indicating which circuit
components of said plurality of circuit components will or will not be

supplied with said clock signals.

55. A computer system in accordance with Claim 53 wherein

said disable means comprises a separate enable line for each circuit

component of said plurality of circuit components.
- This Sheet Has Been Replaced




conponent bl ock 651; enable[err]1 which controls conponent block 652;
enabl e[err]2 which controls conponent bl ock 653; enable[err]3 which

controls compenem——bf-odr‘ﬁﬁzr"énd enabl e_4 which controls 20 conponent

bl ock 655. Th fed to set 320 and will disable the bottom
t hree gl obal m BM“ ‘“EO that are shorted by alignnent Iine 651la.
The enabl e[e 9 set 325 and to_set 326 and will disabhle.the — .
bottom two gl obal drivers of set 325 and-@fte top two gl obal drTHiI8rSHERT HAS BEEN
326 that are shorted by alignnent |ine 25 652a. The enabl e 2_i S TREALACED

set 321 and to set 322 and will disable the bottomthree glo at—er-vrers—of
set 321 and all six global drivers of set 322 that are shorted by alignnent

528 and wi I | di sall tRGCOMPUEE GBI | tsordfnc i Cbies 45 Bsroim o
| obal d 28 that . h d o i 4a. .Th
Shobre 4 1 » Sl buatln 155, BRbeiiey “UEL 5 PHEb (8 G EPWBEr BUrs o

set 324 thal,3ffed to each disable means of all global driver means supplying

clock signals to said particular circuit component.

57. A computer system in accordance with Claim 53 further
comprising power cell means disposed along edges of said
microprocessor, said power cell means for providing spatial areas
within said microprocessor for coupling said microprocessor to a
power source and wherein said global clock driver means are

disposed within said power cell means of said microprocessor.

.58. In a microprocessor device having a plurality of circuit
components, a method for power management of said plurality of
circuit components, said method comprising the steps of:

determining a power status for particular circuit components of
said microprocessor;

generating an disable/enable request indicating each of said
particular circuit components and an associated individual power
status for each said particular circuit component; and

decoding said disable/enable request to generate power status
signals over a plurality of enable lines to individually interrupt or
restore clock distribution to said particular circuit components
depending on said power status for each.

/
cet Has Been Replaced
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5 shorted by alignment |ine 655a. Therefore, the nicroprocessor may
I ndependently and -sel ectively interrupt clock supply to any conponents
within the mcroprocessor device in an effort to conserve power across the

i Ma t P d f the P t
Mventt on TUMHARAIIMAN S <50 257" ne' proceaure wtiti fe;;gn mst?‘r:m
e
BEGA :

present inventti ok f¥r phower nmanagenent of e individual c fﬂE
integrated circuit 200 is illustrated. Thi's' Tl ow 700, begins in
and continues to 715 where it is deternmned 1 5 by the mcr processor t hat

ext ernal :?238?”‘3?.33““ o "Rbroifbee, prich, MG Wyl o Gty
Elg, ,
System or t nEOMETBAFEC &, afpitiod 10 BBy mentEOREM % 5Bl PlofEeg, ‘o t1e
¢ :
1707 O e '*Eﬂ'%%?%?“n? SN DT o e
m croprocessor an AEratintg npﬂﬁ? t n@ﬁ‘tdn\@%eél&ﬁoss@gﬂﬁ@tb 0 a power
onen

down state and therefore co of t e m croprocessor shoul d be enabl ed
with the clogkopidingl a plirality oF global clock driver means disposed within

said microprocessor;

supplying individual circuit components of said microprocessor
with clock signals by providing a plurality of feeder means, each
feeder means coupled to a global clock driver means;

temporarily interrupting said clock signals supplied to said
individual circuit components by providing disable means disposed
within each global clock driver means; and

controlling said disable means to selectively interrupt or
restore said synchronous clock signal to various circuit components

of said microprocessor.

60. A method for power management of said plurality of
circuit components in accordance with Claim 59 wherein said step of
controlling said disable means further comprises the steps of:

determining a power status for particular circuit components of
said microprocessor;

generating an disable/enable request indicating each of said
particular circuit components and an associated individual power
status for each said particular circuit component; and

decoding said disable/enable request to generate signals over a

plurality of enable lines coupled to said disable means to individlially

This Sheet Has Been R laced




25 determ ned that a power nanagenenf action is desired, at block 720 the
m cr opr ocessor determ nes whi ch conponents and conponent bl ocks within the

Conponent 4 TN MEAMEIAIIF 7¥25° 7 "eah corpanent s <ei mﬁg%e e
a

structure. Once the di sabl e/ enabl e=déba-structure i s creatled

for enable fand "&" for®di'sable) and added to an di sabl e/ ena

AER 730
this data is signaled over the 5 disable/enable Iine 661 to the power .
managenent WotekeuptOoasrastibsebkébekallietrébueion The spidepamrdiagdaent
nodul e 610, at block 740, then decodes the disabl e/ enabl e request data
structure toimoditycomponentsi daapkntladngl onosaide powall sthitues foaraghe
coupled to the global drivers. The power nmanagenent nodul e translates the

flag set in the disable/enable data structure to its correspondi ng

conponent bl ock and then | ocates the énable Line or |lines_that .di sahl es and
P 81. In an %ntegrateg cgrcuit ﬁaving a plurality o?

circuit components and a clock generafor circuit, an

apparatus for supplying a plurality of synchronous clock
signals to said plurality of circuit components, substantially
as hereinbefore describgd with reference to the accompanying

drawings.

62. A computer system, substantially as hereinbefore

described with reference to the accompanying drawings.

63. In an integrated circuit having a plurality of
circuit components and a clock generator circuit, a method
for supplying a plurality of synchronous.clock signals to
said plurality of circuit components, substantially as
hereinbefore described with reference to the accompanying

drawings.

64. In an integrated circuit device having a plurality
of circuit components, an apparatus for power management of
said integrated circuit, substantially as hereinbefore

described with reference to the accoﬁpanying drawings.

_—
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enabl es that particular conponent. Once the enable line is found, the 1 5
appropriate signal level is output (clocked by line 661) on that enable

|1 ne depending on the flag indicated value. At line 750 the NAND gat es of
t he gl obal drivers associated with the enable Iine that has been nodified

t hen respond ' sertion. If the line goes |ow, then the globa
drivers aSSO&Hmnmm\mmMenabl e line will 20 not generatieTiigCSHEET HAS BEEN
signal. If the | Fnetgdes %hi gh, . then the®dl obal drivers will eneragﬁ EA :
cl ock signal. Thus, the conponent bl ock that receives its cldck sig A qa@ﬂn

t hese targeted gl obal drivers will either power down or power up dependi ng
on the flag indication,_ Thereafter, the processing will return to block 700
for another poweP325 FinagBAeRPPEEcEsOradeyice having g glurad ifyt t er

iIIustratesR%he,location of the power p%g c%lls 350 of the m croprocessor
devi ce 200 @RheFdFRUtfie COMBORETERyefsMEENOHe E9re DOWET RFERERERY Y 8F| ocat ed.

As shoun, tggiﬁ B?ﬂ%glggdo%eLE%cuit components, substantially as
hereinbefore described with reference to the accompanying

drawings.
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run al ong the periphery of the m croprocessor and provide a uniform5

pl at f orm upon which to supply the clock supply network of the present
isnvention. It is appreciated that the exact nunber of power supply cells is
not crucial to the spirit of the present invention. Wiat is inportant are

t he characteristics (discussed in detail above) of such power supply pads
that are advantageously utilized by the 1 0O present invention for RC

mat chi ng of the clock input |ines/xl0 the global drivers. The preferred
enbodi ment of the present invention, a clock distribution network and cl ock
interrupt network for use in an 15 integrated circuit device, js thus
descri bed. Wile the present iny AON s been described in one particul ar
enbodi ment, it should be apprecisa ot t he presqQt invention should not
be construed as |limted by such enbodi nent, but 9dther construed according
.to the below clainms. 20 — -
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1. In an integrated circuit having a plurality of circuit
conponents and a cl ock generator circuit, an apparatus for supplying a .
plurality of synchroneus clock signals to said plurality of circuit
conponents, said plurality of synchronous clock signals referenced from
said clock generator circuit, said apparatus conprising: a plurality of

gl obal clock driver neans uniformy disposed al ong a periphery of said
integrated circuit, said plurality @&fllgl obal clock driver neans for
generatiing a plurality of synchronous clock signals; a plurality of feeder
means, each feeder neans coupled to a global clock driver neans, said
plurality of feeder neans for supplying said plurality of synchronous clock
signals fromsaid periphery of said integrated circuit to said plurality of
circuit conponents of said integrated circuit; and power cell neans

di sposed al ong edges of said integrated circuit for providing spatial areas
within said integrated circuit, for coupling said integrated circuit to

FIG. 1C
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a power source, said plurality of global clock driver neans di sposed wthin
said power cell means of said integrated circuit. 2. An appar at us
for supplying a plurality of synchronous clock signals to said '
plurality of circuit conponents according to claim1l further conprising: an
I nternmedi ate driver stage conprising a plurality of internmediary cl ock
drivers for supplying clock signals to said plurality of global clock
driver means, each of said internediary clock drivers for supplying a set
of global clock driver nmeans via an internediary clock supply network. -
47 - 3. An apparatus f or /agpplying a pluralty or synchronous
clock signals to said pluralit, o ircuit conponents according to claim2
further conprising: '

FIG. 2




a common cl ock driver stage conprising a common clock driver for supplying
a clock signal generated by said clock generator circuit to said plurality
of internediary clock drivers via a conmon cl ock supply network. 4. An
apparatus for supplying a plurality of synchronous clock signals to
said plurality of circuit conponents according to claim3, wherein said
comon cl ock supply network and eggp internmediary clock supply network are
conprised of a plurality of coupling Iines, each of said plurality of :
coupling lines being resistance matched having substantially simlar |ength
and width. 5. An apparatus for supplying a plurality of :
synchronous clock signals to said plurality of circuit conponents according
to claim4, wherein said plurality of coupling lines of said conmon cl ock
supply network and said intermediary clock supply network are capacitance -
mat ched and di sposed within said po cell neans. 6. An appar at us
for supplying a pl@8lity of 4;ﬁ€§;o§bus clock signals to said
plurality of circu
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conponents according to claim 1, wherein said integrated circuit is a

m cr opr ocessor device having a first overall dinension and wherein w dths
associated with said plurality of feeder neans do not sumin excess of 5
percent of said first overall dinension of said mcroprocessor device. 7.
An apparatus for supplying a  plurality of synchronous clock signals
to said plurality of circuit conponents according to claiml, wherein said
plurality of synchronous clock signals supplied over said feeder nmeans do
not contain a clock skew in excess of 100 picoseconds associated with any
poi nt of any particul ar feeder means>/1l . 48 - 8. An apparatus for
supplying a plurality of synchronous clock signals to said plurality of
circit components according to claim 1, further conprising a plurality of
alignment lines for coupling select circuit




conponents to selected feeder neans of said plurality of feeder nmeans, said
plurality of alignnment |ines disposed substantially perpendicular to said
plurality of feeder neans. 9. An apparatus for supplying a
plurality of synchronous clock signals to said plurality of circuit
conponents according to claim1, wherein said plurality of feeder neans are
conposed of an upper level netal Merr]. 10. An apparatus for _
supplying a plurality of synchronous clock signals to said plurality of
circuit conponents according to 8/dim 1, wherein said plurality of globa
clock driver neans are disposed in a substantially uniformpattern al ong
two opposi ng edges of said periphery of said integrated circuit. 11. I n
a mcroprocessor device having a plurality of circuit conponents, an
apparatus for supplying a plurality of synchronous clock signals to said
plurality of circuit conponents, said apparatus conprising: a plurality of
gl obal clock drivers uniformy

FIG. 5
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v

di sposed al ong a periphery of said m croprocessor device, said plurality of
gl obal clock drivers for generating a plurality of synchronous clock
stgnals, wherein said plurality of global clock drivers are disposed in a
substantially uniform pattern along two opposi ng edges of said periphery of
said mcroprocessor device; a plurality of feeder |lines,- each feeder
line coupled to a global clock driver, said plurality of feeder lines for
supplying said plurality of synchronous clock signals fromsaid periphery
of said m croprocessor device to sa?GP-pIurality of circuit conponents
of said - 49 - mcroprocessor device; power cell nmeans disposed al ong
edges of said mcroprocessor device, said power cell neans for providing
spatial areas within said mcroprocessor device for

VA
667 670



-coupling said microprocessor device to a power source and wherein said
plurality of global clock drivers are disposed within said power cell

peans; and an internediate driver stage conprising a plurality of

i ntermedi ary clock drivers for supplying clock signals to said plurality of
~global clock drivers, each of sa8Alli nternediary clock drivers for supplying

a set of global clock drivers via an int%*EEdijrhgﬁLiﬁﬁ%supply network. 12.
An apparatus  for suppy¥thg a plur f C nous cl ock signals

to said plur b » I pEvAvIN LS pproce O visaam [=
according to a|n111 furtner conprijsi V’ clock generator ¢igrcuit for
generati ng n%@hence ckocksgzyuﬂ, d a common cl ock driyer |4t age

D Lo

conprising a
to said plurg
net wor k. 13.

ek aldrefthenhce clqck signal
ty of E« er mefli ary ,65b Bldrlvers via a_cepon cl pqk supply
m [4.- at_u_s TLr suppl ying a pluradet ye9D!
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synchronous clock signals to said plurality of circuit conponents of a

m cr opr ocessor device according to claim 12, wherein said conmmon cl ock
supply network and each intermediary cl ock supply network are conprised of
a plurality of coupling lines, each of said plurality of coupling l i nes
bei-ng resi stance mat ched h }Q substantially simlar length and

wi dth and wherein said common clock supply network is disposed within a
power supply ring of said mcroprocessor d ] 20- 14. An
apparatus for supplying a plurality o us clock signals to
said plurality of circuit conponents of a

sor device according
to claim1l, wherein said plurality of gl oBal © rivers, said plurality
of intermediary global drivers mefli ary cl ock supply -
network are all disposed within a
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spati al area -of said power cell neans of said mcroprocessor. 15.
An apparatus for supplying a plurality of synchronous clock signals
tco said plurality of circuit conmponents of a m croprocessor device
according to claim 11, wherein said mcroprocessor device has a first
overal I dinmension and wherein wi dths associated with said plurality of
feeder lines do not sumin excess of 5 percent of said first- overal

di mensi on of said mcroprocessor 14é4 ce and wherein said plurality of
synchronous cl ock signals generated over said feeder lines do not contain a
cl ock skew in excess of 100 picoseconds associated with any point of any
particul ar feeder |ine. 16. In an integrated circuit having a plurality
of circuit conponents, an apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit conponents, said
apparatus conprising: a plurality of global clock drivers uniformy

di sposed al ong a periphery of said integrated circuit, said
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pIurallty of global clock drivers, for generatlng a plurality of synchronous
cl ock signals, wherein said pIurallty ‘of global clock drivers are disposed
i a substantially uniformpattern along two opposing edges of said
periphery of said integrated circuit; a plurality of feeder |ines, each
feeder line coupled to a gl obal clock driver, said plurality of feeder

i nes for supplying said plurality of synchronous clock signals from said
periphery of said integrated:circuit toABSTRACPl urality of circuit

conponents of said |nte rated’ POWRE cell's di sposed
al ong edges of  sai LSEIBUTE GLOGK s R b, sAAtP IR L shosed

said integrated g rdw(ck distribesun! systefini ghd ftilﬁék airﬁdm‘apt Csysttctfno for paner
source, said global clock drivers ™ disposed within said

integrated circuit device. Ignoring effects associated with the

matched stages, the present invention includes a clock distribution
and interrupt system for providing clock signals with less than 100
picoseconds of skew to various con;bonents of an integrated circuit
device. The present invention utilizes several stages of drivers to
evenly supply the distributed clock signals and each stage has RC
matched input lines. The present invention advantageously locates
the matéhe_d stages and- clock drivers within the power supply ring of
the integrated circuit located on the periphery of the microprocessor
topology. This is done in order to better predict the topology
surrounding these lines to match the capacitance of these lines.
Further, this metal level offers a larger width dimension line (since
as a top layer it may be th'icker) having less resistance per unit area
and also generally avoids spatial competition with other IC
components and circuitry. The present invention additionally offers
the capability of selectively powering down various components
within the integrated device with a power management unit and
enable network that is included as a componcnt of the clock

distribution system.

(Figure 3)



power cells of said integrated circuit. 17. © An _a

supplying a plurality of sync n ock si gnal
circuit conponents according to %%@Lﬁ]@—cgu’rgher o R .
i ntermedi ary el ock drivers' for supplyin cgpck | grjalls anggp opbunalli ty of
gl obal clock drivers, each of said int i | ocky drli S tor | yi ng
a set of global clock drivers via an internediary clo . ;

a common clock driver for supplying a cPééf signa

‘generator circuit to said plurality of internediaryt vers via a
common cl ock supply network. 18. An apparatus for supplying a
plurality of synchronous clock signals to said plurality of circuit
conponents according to claim 17, wherein said common cl ock supply network
and each intermediary cl ock suppIE?"Eifg?k are conprised of a plurality of
coupling lines, each of said-plur coupling lines being resistance
mat ched _
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havi ng substantlally simlar | ength and wi dt h. ]&H ArlS appar atisf-eFf
'%upplylng ép~+n4n4ﬂ444p_4ﬁ_4;¢nchronous clock ' ol aldampgmgﬂmamg SHEET

it corrponents accord &l wherei n sa d i nt edr ai-ed—etrcoiT

cir claim 16,

is a process ﬂl ﬂl ﬂn " flrst over&bl-dl | t
~associ ated wi ﬂﬂ I ' of feeder |ines mgnsu% xc@gm EWS
percent of said first overall dinension of said m cr opr ocessprldeyjce
52 - 20. An apparatus for supplyina a plurality - of}synchronous

cl ock sigﬁals to said plurality of circ onent s accor dingt-o—etai-n
16, whereiln said plurality of synchronous clock signals generated over said

e el ot oot L S L e Bl 2 ShESRSEERS o
appar at us | f eircuippl poxgporﬁenuﬂ urasidtya oflock generator -circuit, an
apparatus for supplying a plurality of synchronous clock
signals to said plurality of circuit components, said
plurality of synchronous clock signals referenced from said
clock generator circuit, said apparatus comprising:

a plurality of global clock driver means uniformly
disposed along a periphery of said integrated circuit, said
plurality of global clock driver means for generating a
plurality of synchronous clock signals; )

a plurality of feeder means, each feeder means
coupled to a global clock driver means, said plurality of
feeder means for supplying said plurality of synchronous
clock signals from said periphery of said integrated
circuit to said plurality of circuit components of said
integrated circuit; and

power cell means disposed along edges of said
integrated circuit for providing spatial areas within said
integrated circuit, for coupling said integrated circuit to
‘a power source, said plurality of global clock driver means
disposed within said power cell means of said integrated
circuit. :

2. An apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit
components aécordinq to claim 1 further comprising:

an intermediate driver staée comprising a plurality
of intermediary clock drivers for supplying clock signals
to said plurality of global clock driver means, each of
said intermediary clock drivers for supplying a set of
global clock driver means via an intermediary clock supply
network.




synchronous clock signals to said plurality of circuit conperen

“o claim 16, ality of feeder lines are co @EEU&G&ME&W SHEET
upper | evel nmwmnmIHMIHHm A conput er system conpri gi

. for coupling system!cotponents, display-ngans coupled to s4i
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clock dr:.vers via a common clock supply network.

4. An apparatus - for supplying a plurality of
synchronous clock _ si'gnals to said 'plural_ity of circuit
components according to claim 3, wherein said common clock
supply network and each intermediary clock supply network
are comprised of a plurality of coupling lines, each of
said plurality of coupling lines being resistance matched
having substantially similar length and width.

5. An apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit
components according to claim 4, wherein said plurality of
coupling lines of said common clock supply network and said
intef:mediary clock supply network are capacitance matched
and disposed within said power cell means.

6. An apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit
components according to claim 1, wherein said integrated
circuit is a microprocessor device having a first overall
dimension and wherein widths associated with said plurality
of feeder means do not sum in excess of 5 percent of said
first overall dimension of said microprocessor device.

7. An apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit
components according to claim 1, wherein said plurality of
synchronous clock signals supplied over said feeder means
do not contain a clock skew in excess of 100 picoseconds
associated with any point of any particular feeder means.




nmeans to sai d pturatity of-circuit conponents of said m'crop'rocessor' nmeans;

“and power cell Iong edges of said m croprocessor means for
provi di ng spat‘ “ Eﬂﬂ; sald m Ccropr ocessor neans,.-fo« "uu ||n ﬁﬁl
m croprocessor source~ 48 ¢ plurality of @EBI!:P&QE ﬁ" f

“driver means di sposed within said power cell nmeans of saild 'uoprocesso
nmeans. -53 23. A conputer systemin accordance I tth cl uk21998
further dongising: gnpl @wdﬁaxus)f fbm er seppayyngcl oxk ' Y f oof

supplying clock signals t i d plur of b
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plurality of alignment lines for coupling select c:ircuit
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components to selected feeder means of said plurality of
feeder means, said plurality of alignment lines disposed
substantially perpendicular to said plurality of feeder
means. '

9. An apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit
components according to claim 1, wherein sa_id plurality of
feeder means are composed of an upper level metal M,.

10. An apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit.
components according to claim 1, wherein said plurality of
global clock driver means are disposed in a substantially
uniform pattern along two opposing edges of said periphery
of said integrated circuit.

11. In a microprocessor device having a plurality of
circuit components, an apparatus for supplying a plurality
‘of synchronous clock signals to said plurality of circuit
components, said apparatus comprising: |
| a plurality of global clock drivers uniformly
disposed along a periphery of said microprocessor device,
said plurality of global clock drivers for generating a
plurality of synchronous clock signals, wherein said
plurality of global clock drivers are disposed in a
substantially uniform pattern'along two opposing edges of
said periphery of said microprocessor device;

a plurality of feeder 1lines, each feeder line
coupled to a global clock driver, said plurality of feeder
lines for supplying said plurality of synchronous clock
signals from said periphery of said microprocessor device
to said plurality of circuit components of said




24. A co m ﬂ! “ml cordance with claim23 further conprising: a
*conmon cl ock i ng a clock signal generated { |
generator circul ll @ adﬂ;al ity of internediary clock d i%@i&ewgﬁﬁ@m

comon cl ock supply network. 25. A conputer systemin actofdance with
claim 24, mherein said comon clock supply network angl |edr® JUL 1998

i nt er medi rymgéggbrgggggg NgbVREk;are conprised of a plural of coupling
| i nes, ea¢h of sard pl urarlty of COUp|I g; lines being r tance '
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power cell neauplifig. saldAmmpmcequMevleecmwalcpouerh scurice Z@#nd
wherein sgi dwﬁéfé?ﬁrggfasﬁiuggiﬁif @ﬁ’l %q.%%aﬁ.n cq.\é?:'kaldlrlvers are disposed
within said power cell means; and _

an intermediate driver stage comprising a plurality
of intermediary clock drivers for supplying clock signals
to said plurality of global clock drivers, each of said
intermediary clock drivers for supplying a set of global
clock drivers via an intermediary clock supply network.

12. An  apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit
components of a microprocessor device according to claim 11
further comprising: _

a clock generator circuit for generating a
reference clock signal; and '

_ a common clock driver stage comprising a common
clock driver for supplying said reference clock signal to
said plurality of intermediary clock drivers via a common
clock supply network. ’

13. An apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit
components of a microprocessor device according to claim
12, wherein said common clock supply network and each
intermediary' clock supply network are comprised of a-
plurality of coupling lines, each of said plurality of
coupling lines being resistance matched having
substantially similar length and width and wherein said
common clock supply network is disposed within a power
supply ring of said microprocessor device.
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plurality of J.ntermedlary global drivers and: said
intermediary clock supply network are all disposed within a
~spatial area of said power cell means of said

microprocessor.

15. An apparatus for supplying - a plurality of
synchronous clock -signals to said plurality " of circuit
components of a microprocessor device according to claim
11, wherein said microprocessor device has a first overall
dimension and wherein widths associated with said plurality
of feeder lines do not sum in excess of 5 percent of said
first overall dimension of said microprocessor device and
wherein said plurality .o'f synchronous clock signals
generated over said feeder lines do not contain a clock
skew in excess of 100 picoseconds assoc:l.ated with any po:.nt
of any particular feeder line.

16. In an integrated circuit having a plurality of
circuit components, an apparatus for supplying a plurality
of synchronous clock signals to said plurality of circuit
components, said apparatus comprising: _

a plurality of global clock drivers uniformly
disposed along a periphery of said integrated circuit, said
plurality of global clock drivers for generating a
plurality of synchronous clock signals, wherein said
pPlurality of global clock drivers are disposed in a
substantially uniform pattern along two opposing edges of
said periphery of said integrated circuit; :

- a plurality of feeder lines, each feeder line
coupled to a global clock driver, said plurallty of feeder
lines for supplying said plurallty' of synchronous clock
signals from said periphery of said integrated circuit to
said 'plurality of circuit components of said integrated
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17.  An -apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit
components according to claim 16 further comprising:

a plurality of 'intermediary clock drivers for
supplying clock signals to said plurality of global clock
drivers, each of said intermediary clock drivers for
supplying a set of global clock drivers via an intermediary
clock supply network; and

a.common clock driver for supplying a clock signal
generated by said clock generator circuit to sa1d plurality
of intermediary clock drivers via a common clock supply
network.

18. An apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit
components according to claim 17, wherein said common clock
supply network and each intermediary clock supply network

are comprised of a plurality of coupling lines, each of

said plurality of coupling lines being resistance matched
having substantially similar length and width.

19. An apparatus for supplying a plurality of
synchronous clock signals to said plurality of circuit
components according to claim 16, wherein said integrated

-circuit is a processor device having a first overall
- dimension and wherein widths associated with said plurality

of feeder lines do not sum in excess of 5 percent of said
first overall dimension of said microprocessor device.
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do not contain a clock skew in excess of 100 picoseconds
.associated with any point of any particular feeder line.

21. An .apparatus _ for supplying a plurality of
synchronous clock signals to said ‘plurality of circuit
components according to claim 16, wherein said plurality of
feeder lines are composed of an upper level metal M .

22. @A computer system comprising: _
bus means for coupling system components, display
means coupled to said bus means, memory means 'coupled. to
said bus means, information storage means coupled to said
bus means and microprocessor means having a distributed
clock network, said microprocessor means coupled to said
bus means, said microprocessor means further comprising:

a plurality of circuit components;

a plurality of global clock driver means uniformly

. disposed along a periphery of said microprocessor means,
said plurality of global clock driver means for generating
a plurality of synchronous clock signals; _

a plurality of feeder means, each feeder means
coupled to a global clock driver means, said plurality of
feeder means for supplying said plurality of synchronous
clock signals from said periphery of said microprocessor
means to said plurality of circuit components of said
microprocessor means; and _ |

power cell means disposed along edges of said
microprocessor means for providing spatial areas within
said microprocessor means, for coupling said microprocessor
means to a power source, said plurality of global clock

1 driver means disposed within said power cell means of said
microprocessor means.
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intermediary clock supply network. - .

24. A computer system in accordance with claim 23
further comprising: .

a common clock drlver for supplying a clock signal
generated by said clock generator circuit to said plurality
of intermediary clock drivers via a common clock supply -
network. |

25. . A computer system in accordance with claim 24,
wherein said common <clock supply network and each
intermediary clock supply network are comprised of a
plurality of coupling 1lines, each of said plurality of
coupling 1lines being resistance matched having a
substantially similar length and width.

26. A computer system in accordance with claim 25,
wherein said plurality of | coupling lines of said common
clock supply network and said intermediary clock supply
network being capacitance matched and are disposed within
said power cell means. '

27. A computer system in accordance with claim 22,
wherein said microprocessor means includes an overall
dimension and wherein widths associated with said plurality
of feeder means do not sum in excess of 5 percent of said
overall dimension of said microprocessor device.

28. A computer 'system in accordance with claim 22,
wherein said plurality of synchronous clock signals
generated over said feeder means do not contain a clock
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couplinq selected circuit components to selected feeder
means of said plurality of feeder means, said plurality of
alignment lines disposed perpendicular to said plurality of
feeder means. |

30. A computer. system in accordance with claim 22,
wherein said plurality of feeder means are composed of an
upper level metal M,.

31. A computer system in accordance with claim 24,
wherein said common clock supply network is disposed along
a power supply ring of said microprocessor means.

32. A computer system in accordance with claim 22,
wherein said plurality of global clock driver means are
disposed in a substantially uniform pattern along two
opposing edges of said periphery of said microprocessor
means.

33. In an integrated circuit having a plurality of
circuit components and clock '_generator circuit, a method
for supplying a plurality of synchronous clock signals to
said plurality of <circuit components, said method
comprising the steps of: '
' generating a common clock signal;

generating a plurality of synchronous clock signals
from a plurality of global clock driver means uniformly
disposed along a periphery of said integrated circuit;

disposing power cell means along edges of said
J.ntegrated circuit for prov1d1ng spatial areas within said
lntegrated circuit, for coupling said integrated circuit to

a power source, said global clock driver means disposed
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supplying said common <clock signal to said
plurality of global clock driver means.

34. A method for supplying a plurality of synchronous
clock signals to ‘said plurality of circuit components
according to claim 33, wherein said step of supplying said
common clock signal to said plurality of global clock
driver means further comprises the steps of: '

' supplying clock signals to said plurality of global
clock driver means via a plurality of intermediary clock -
drivers, each of said intermediary clock drivers for
supplying a set of global clock drivér means via an
intermediary clock supply network; and

- supplying said common clock signal to said
intermediary clock drivers via a common clock supply
network.

35. A method for supplying a plurality of synchronous
clock signals to said plurality of circuit components
~according to claim 34, wherein said common clock supply
network and each intermediary clock supply network are
comprised of a plurality of coupling 1lines, each of said
plurality of coupling lines having substantially similar
1ength and width such that they are resistance matched.

36. A method for supplying a plurality of synchronous
clock signals to said plurality of circuit components
according to claim 35 further comprising the step of
disposing said plurality of coupling lines of said common
.clock supply network and said intermediary clock supply

network within said power cell means so that they are
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capacitance matched.

37. A method for supplying a plurality of synchronous
clock signals to said plurality of circuit components
according to claim 34, wherein said integrated circuit is a
microprocessor device having a first overall dimension and
wherein widths associated with said plurality of feeder
means do not sum in excess of 5 percent of said first
overall dimension of said microprocessor device.

38. A method fér supplying a plurality of synchronous
clock signals to said pluralitir" of circuit components
according ' to claim 34, wherein said plurality of
synchronous clock signals generated over said feeder means
do not contain a clock skew in excess of 100 picoseconds -
associated with any point of any particular feeder means.

39. A method for supplying ‘a plurality of syhchronous
clock signals to said plurality of circuit components
according to claim 34 further comprising the step of
coupling said plurality' of circuit components to selected
feeder means of said plurality of feeder means .via a
plurality of alignment lines, said plurality of alignment
lines disposed perpendicular to said plurality of feeder
means.

40. A method for supplying a plurality of synchronous
clock signals to said plurality of c¢ircuit components
according to claim 34, wherein said step of generating a
plurality of synchronous clock signals comprises the step
of disposing said - global <clock driver means in a
substantially uniform pattern along two opposing edges of
- said periphery of said integrated circuit.




