j Z[e3e41l : 6T(1& 1 1 JUN 2004 WO 01/47122 PCT/.US00/ 42611 METHOD ANDN 2004
APPARATUS FOR SELECTI VELY DI SABLI NG CLOCK DI STRI BUTI ON Y BACKGROUND Thi's
di scl osurewg@bairs to a clock distribution 5 network systempcpusd ggg“
di stribution network systemdistributes a precise clock generateg y a
phase-1 ocked | oop (PLL) to different units on a chip. The PLL cannot
directly drive the clock | oad because it is often 10 heavily | oaded. For
exanple, a typical clock load on a chip is about 300 pico-Farads. The cl ock
di stribution network systemincludes sets of buffers, gates, and wire-lines
t hat di stri but METHSOD: ARPARMIUSIIEQRISSELECTIVELY DhsABLINGTloe.ogxst em
provi des optinmal routing of the clock chosen to provide accurate tim ng.
"The system al so provides efficient poyesrsErpggMent by enabling clock
delivery to active units and disablmng dettvery to inactive units. = WO
01147122 1 1 JUN 2004 PCT/ US00/ 42611 A PLL takes advantage of a negative
“feedback to constantly adjust the frequency and phase of an oscillator that
may change or drift. FIG 1 is a sinplified block diagramof a conventiona
PLL. The 5 PLL includes a phase andﬂﬁd¥&§§ﬁﬁndetector 100, a loop filter
(I ow pass) 101, a voltage-controlled oscillator (VCO 102, and a feedback
frequency divider 103. The phase and frequency detector 100 takes two 10
signals as its ingﬂis ggd ogtguts a xoltage proportional to the difference
between the frequenttesCbPCtRBV oL PABGESsitgh@ $Llock distribution

5 network system.

A clock distribution network system distributes
a precise clock generated by a phase-locked loop
(PLL) to different units on a chip. The PLL cannot
direct;y drive the clock load because it is often

10 heavily loaded. For example, a typical clock load on
a chip is about 300 pico-Farads.

The clock distribution network system includes
sets of buffers, gates, and wire-lines that
distribute the clock to the various units on a chip.

15 The system provides optimal routing of the clock
chosen to provide accurate timing. The system also
provides efficient power management by enabling clock
delivery to active units and disabling delivery to

inactive units.
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The VCO 102 operates in reverse. It takes a voltage as its cont?ql Qﬁqﬂg
and outputs a signal 15 having a frequency based on the value o tH i Tput

vol t age. Wwau@s47e2ri ng a PLL acquisition process, the VCO 1G¢16sdefben
sweepi ng through a wi de range of frequencies. For exanple, the acquisition
process may take less than 1 uS; during this period, the VCO V 20 out put

frequency sweeps thr h P t t Leguen of few
hundred MHz to a vergq?‘ﬁ?ﬁ%ﬁ?%§§%§ﬁ€§@%f&Eeéeﬁgﬁgiiéé fe%dggcg %%r ., 11

JUN 200 WO 01/.47] [ USQ0/ 426 SUVMARY An appar atus; conprising a
distributioniqﬁééggggigcﬁéﬁu? é%§c$6§88?n?ﬁeaggr9 PEes@fe@M vely inhibits

distribution of g clock signal responsive to 5 a | ock detect signal being
de- asserted. BRPEF PSR BRONNEE FRENDRAPENGSiOL: f eF86t Aspects of t he

di sclosure will be described in reference to the acconpanying draw ngs
wherein: 10 Fisgémplified dptkfdbdgbhnckfdaagpareatibha1PPLL.FI @h is a

bl ock di agram of a conventional clock distribution network systemFIG 3 is

a bl ock digr @miofirecYmils | #dokhoekadisFrbBubhel REEWREK SYBEM, 15 FIG 4
is a flowdiagramfor a PLL clock inhibit-during-lock process; FIG 5 is a

bl ock di agram;gfs E¥MHEE€’1?§§?§?€EgaEE@%R?p$F3§5ggL355%9%33%% net wor k

system - 3 01/ 4712
' oscillator (VCO) 102, and a feedback frequency

divider 103.
The phase and frequency detector 100 takes two
10 signals as its inputs and outputs a voltage
- proportional to the difference between the
frequencies of the two input signals.
The VCO 102 operates in reverse. It takes a
voltage as its control input and outputs a signal
15 having a frequency based on the value of the input
voltage. Thus, during a PLL acquisition process, the
VCO 102 is often sweeping through a wide range of
frequencies. For example, the acquisition process
may take less than 1 uS; during this period, the VCO
20 output frequency sweeps through a range from a PLL

steady state frequency of few hundred MHz to a very

high frequency of several GHz.



1 1 JUM 2004 PCT/ US00/ 42611 During the acquisition process, B ﬂﬂyz&ﬁ
| ess than 1 uS, the VCO output signal continues to drive the cIo K

di stri but vamomzu2rk system As a 5 result, the system conspares@/426r19e

- amount of current at the VCOrate. This |leads to high fast-current

transi ent anplitude and high current-derivative (dl/dt) noise because the
network is heavily | oaded. The hi gh cusummAr®erivative noi se can cause

el ectro- 10 nagnetic interference (EM) and RF interference (RFl) in a
system FIG 2 is a block diagram of a conventional clock distribution
networ k system 200.ad & 2 et wor k
.202, an 15 enable gengﬁg?orgggL egmgggégﬂﬁockdggegﬁbqugé)q%@% éﬂd cl ock
"buf fers 208, 9 cIo k diistribution network 202 inc]udes an enabl e

di stribution C|+% 215 gﬁ& c3osegck %§tﬁ”ﬁﬂﬁ%ﬁ1%ﬁ%§ﬁﬁ%vgﬁﬁ- The cl ock
distribution 20 circuit 214 receives the PLL clock 216 and routes the clock
“to the clock bimltdpite08iszedbutienciofcai icl2bk alismdlnctasesndiive to

di stribution of the feedback clock = - 4 1t1111JUN2004 W
01147122 PGT/ USO0h 4126 9 P |rcuit 214 generates
an early version of t%%téﬁggfg 1%3't Eﬁn agﬁlé%SeEQb € signals 210. This
early clock 218 synchroni zes the PLL clock 216 and the enable signals 210
to arrive at 5 the clock buffers 208, 209 at a proper tinme. Each clock
buffer 208, 209 delivers the PLL clock signal 216 to the clock | oads 222,
223 when a correspondi ng } FEﬁE% I 0. LS asserted. For
exanpl e, the cl ock Ioads!%ggg??g to f?5%88§|%%§ BR%@%N& , gates 208,
receive the PLL clock 216 when the trigger-enable A signal 220 is asserted
by the enabl e distgbﬁg;ion circuit 212, The clock enabl e generator 204
nonitors active st Tt he? SRFESS WPt nthe adearposnrBosidl Pee 15 enabl e
gener ator 209 then nerates signals 210 to enable the clock to active
units and di s&8 @Ib@krﬁéetﬁac8|ve thiet sccbmpamyiirtrdraw gt i on of

t he enabl e generator 204 allows it to nmanage power by disabling clock
deliveries townetesinhat are inactive 20 or idle. However, the enable
generator 204 fails to provide a nechanismfor disabling the clock delivery

- 5 10 FIG. 1 is a simplified block diagram of the PLL;
FIG. 2 is a block diagram of a conventional
clock distribution network system;
FIG. 3 is a block diagram of a modified clock
distribution network system;
15 FIG. 4 is a flow diagram for a PLL clock
inhibit-during-lock process;
FIG. 5 is a block diagram of a computer system

having a clock distribution network system.



WO 01/47122 1. 1 JUN 200 PCT/ USQ0/ 42611 during the fast PLL acquisition
process. In the conventional system 200, the VCO output signal tdndiMadls to
drive thewgmahi2gdi stribution network during this acquisiti geTusieasé: The
system consunes 5 a relatively large anount of current froma power

di stribution network at the VCOrate. This |leads to high transient current

anplitude and high current-.. dgmasigyepksthebrrpfi se that causes
el ectro-magnetic interference (EM) and RF |nterFerence (RFI'). 10 A clock

di stribution network system 300 for one enbodi nent, shown in FIG 3,

addresses the aboved ribed inefficiencies. The new design further
i ncl udes a nechanigﬁggggdgggbﬁngﬁélEﬁ&ﬂ<Hﬁ9ﬁ§§§nnWQﬁF@um?Mnghis PLL

acqui sition process. 15 The new desi gn enabl es efficient power managenent
by turning of fleske thian 4l ¢k dirst MAutdwrpwiur $ hgnhl ghoht &AUGBC Y EXCUr Si 0NS
of the clock. It also allows the clock distribution network system 300 to

provi de an aceigke thle0@R otk i ilsAss M 1 M hEFlor R0sTBE REL WaIK Syst em 300
further includes a PLL clock inhibit-during-Iocﬁrci?Xu??ﬁ30§%$Tﬁé circuit -

6 1 N 4 CT. 42611, 308 i PLL | k
indicat:ozégig%gﬁl§%gqﬁéoé&%%§%mﬁ§§§#ﬁ%?s?g%%¥g§gg%§g§ ;Q%iﬁﬁFgﬁgﬁied ina

conventi onal PhL Rutyiitoften used only for testing purposes. The PLL | ock
i ndi cation si ghaf &¢ses atfNisyiteadiv arhhght ResPreuasegitsi ti on
process. Alogic |low at the input of AND gates 304, 306 inhibits enable
signal s 210 fréANBeen§ ampliithidteed@nd high ctwckehuffler$va®8ye209. For
exanple. the AND gate 304 inhibits the trigger-enable A signal 220 from 10

bei ng passed ddItdta abdek beicherseA 8. ndtwoARDi §aheasd98yi nbiakids B signa
221 from being passed on to a clock buffer B 209. Once the PLL acquisition

process conpl eheshibhe cBkkeheCldNdiLal i gnal.. 30 Nghtl to logic
15 high. The AND g;Pesc309? 3Q6 passﬁﬁhépgﬁ%tgg é?gné?égglgi%ﬁggzbh to the

o ock Dufr ondfler 200, HUGECAE {milie Bk 42 Tol Losked () o) ook
t he cl ock bufggrg gggtem.

FIG. 2 is a block diagram of a conventional
clock distribution network system 200. The system
200 includes a clock distribution network 202, an

15 enable generator 204, a phase-locked loop (PLL) 206,
and clock buffers 208, 209.

The clock distribution network 202 includes an
enable distribution circuit 212 and a clock
distribution circuit 214. The clock distribution

20 circuit 214 receives the PLL clock 216 and routes the

clock to the clock buffers 208, 209. The circuit 214

also includes the distribution of the feedback clock



20 209 o inhibit clock distribution, even if the enable signals 210 are
asserted. In an alternative V i 1 J UN 2004 WO 01/47122 PCTAUSODN 200811

enbodi mentwoton@7IAND gat es can be replaced with NAND gates apgreehieeis for
~efficiency purpose. FIG 4 is a flow diagramfor the PLL clock
i nhi bit-during-1ock process according to an 5 enbodi nent of the present

i nvention. The (PBCLKOCR liondiccatHe® ey, gnabp 3024 4 | ' !
determne if the | ock has been achieved. If t%e ggkifg 8%%8%9%&? %ﬁ%

process in thegghgck AirStio bW e erforms the PLL ¢l ock enable
10 di stribution, a? X%Zr%l'ldr?e%% %%séwée%n %ﬁ%c@%abomp ?anﬁpépiét 404, to

determne if a_shutdo f t clock distribution systemis requested. |If
"the request i ssﬁgpagﬁ\(ljvg,l%t’he%gﬁo%e%%ﬂcﬁbrﬁji?ﬁ}ész%% $¥echeeniges| sheat 400.

When the lock | s_not detected, 15 the process inhibits the PLL clock

di stribution, Bﬁ%é Ock| glés and £ha @nehblieagsignats a2Lonpat arrsyst ew 500.

I'n one enbodi nent, the conputer system 500 includes a PLL 502 and a cl ock
di stributioh neheofkoed bysfems3Cms,THE0 Pldt 0 br@ser Vesma. bus cl ock 704

froma bus system 506. A phase detector in the PLL 502 conpares - 8 v

| - L1 JUN 200 VIO B4 7d23cROBLEEAS/ 48611 dse s Vel aCk 3l 504 wth a
f eedback frequency fromthe VCO The feedback frequency 1Tocks The output of

erpl oys a crysiar s SSETTlarar Sbs s Rk dieatn At 28 ven B phase
The- ol ook i st S BhE B AP oLk CPAraRPa.¢ Cdinals X4ib HATciack 510 and.
the lock indication 10 signal ei]é%npflreomtthr:ae clall?:Lck5012c5adThe22E]2etV\pr 3 oystem 0
' S tied to
10 the clock buffer A, gates 208, receive the PLL clock
216 when the trigger-enable A signal 220 is asserted
by the enable distribution circuit 212.
The clock enable generator 204 monitors active
status of the units within a chip or board. The
15 enable generator 204 then generates signals 210 to
enable the clock to active units and disable the
clock to inactive units. The monitoring function of
the enable generator 204 allows it to manage power by
disabling clock deliveries to units that are inactive
20 or idle.

However, the enable generator 204 fails to

provide a mechanism for disabling the clock delivery



processes the | ock indication signal 512 to determ ne whet her tq,gkﬁ@bgﬁ‘or
enable the PLL clock 510. If the lock indication signal 512 is asserted,

t he net wayl opyfbem 300 distributes the PLL clock 510 to 15 pahidabigaeyi t'S
520 in the processor 514. The processor 514 is then able to interface with
ot her conponents of the conputer system 500, such as a nenory 516 and 1/0

devi ces 518. &MﬁghgoﬁhéEngﬁxﬁﬁLiéb%%%?f%ﬁgﬁﬁéﬁ%?gééiangntgﬁFbus system

506 20 enable data in the processor 6, “an he 1/0
devices 518 t ansferred and shared 3 g 1 1 JUN 2004 , WO

011 47122 PCT/g@ﬁ%?%%%ffaicﬁ¥ﬁ§qmu?QRm t BRY PBERREhSAPARARl data | at ency
or data loss. Qther enbodi nents and vari ati ons are possi ble. For exanple,

the clock di sEpPRbanles et Worikves e Fo@00dtanr beueibaddedwbrko a PLL chip
to optim ze and consolidate the systemdesign. In an alternative

appli CaLl 0N Speet TPe I ooy o DR (AT ohip. ParERopondUBEe 10

application-specific integrated circu
al ong thlg a IOCEBgLst&ib tion network system can_be used in applications
other thar thd tonputes §y3@§QQM§9944RxP'rF?iEFnB.fF@m axBAYes, they can

be used in data communication systens, |ocal area networks, and data
storage appl i@bstovhbutisnAhetioade = echenteroledat®. beTRRgompagsedoby t he
following clainms. - 10 1 1 JUN 2004 What is clainmed is: 1. A clock

C ook and a 1Ok et St e MeTLLALTMAY RPHACE.SERRLEN1 19 ©
derivative (dI/dt) noise that causes electro-magnetic
interference (EMI) and RF interference (RFI).

10 A clock distribution network system 300 for one
embodiment, shown in FIG. 3, addresses the above-
described inefficiencies. The new design further
includes a mechanism to disable the clock
distribution during this PLL acquisition process.

15 The new design enables efficient power management by
turning off the PLL clock distribution during high
frequency excursions of the clock. It also allows

the clock distribution network system 300 to provide

an accurate clock with_less'EMI and RFI.

20 The network system 300 further includes a PLL

clock inhibit-during-lock circuit 308. The circuit



N . . . . . . . d
a pluradity of clock buffers; a distribution circuit to enable selecte
bu?fers ofysaid plurality of clock buffers responsive to approp ilaf\d 2004

signal s, swmodismbkected buffers driving | oads coupled to theppyfifsglmefnd an
~inhibit circuit to inhibit said appropriate signals in response to said
| ock detect signal being de-asserted to reduce el ectro-nmagnetic

interference ggperatediiast ke pt3, %]@rﬂno?ica-@l%é?gﬁ[ 1@3(?%%%“%%’ further

oo als for
conprising; an enable generator to generate sai opriate
' i . he .systemof claim1, further
assing said ctpgkpip se ed | 's.(ﬁf 3. . , _
(F:)orrpri sing: a clock gi stlrrlﬁgét %&r?q%ﬁr Sflq ey &P@;@a’ﬁ“?frtrr%k“?oasal d
plurality of buffers .sucT %E&} routing of said clock is synchronized with
“sai d appropri at@ $PQhaPealy buf‘?QUQ@QﬁﬁJuQEdﬂﬂFkﬁﬂﬁQ¥ntﬁ5tiagn11,
wherein said | ock detect signal is de-asserted dur[ng a fast frequency
acqui si tion pridtER3ses -t hEhei Mikdg loak dadiBatictheisystlersad stays 4,
“wherein said timng source is a phase-locked | oop clock. 6. A conputer
system conpri #thglogic low during the PLL acquisition process. A
logic low at the input of AND gates 304, 306 inhibits
enable signals 210 from being distributed to the
clock buffers 208, 209. For example, the AND gate
304 inhibits the trigger-enable A signal 220 from
10 Dbeing passed on to a clock buffer A 208. The AND
gate 306 inhibits B signal 221 from being passed on
to a clock buffer B 209.
Once the PLL acquisitidn process completes, the
PLL lock indication signal 302 transitions to logic
15 high. The AND gates 304, 306 pass the enable signals
210 through to the clock buffers 208, 209.
Therefore, if the PLL is not locked (i.e. lock
indication signal is not asserted), the lock
indication signal 302 forces the clock buffers 208,

20 209 to inhibit clock distribution, even if the enable

signals 210 are asserted. 1In an alternative



1o a phase-locked | oop to provide an accurate clock signal and!d Vit K004
detect signal; a processor having a clock distribution network, said

net wor k operoaurreg to distribute said phase-locked |oop cl oekTaisgwadérr sai d
network including: 15 a plurality of buffers to receive said clock signal,
said buffers having outputs tied to various units in the processor, an

enabl i ng circuwintbddinesret| ectsel o afh tud feds 5@89@;{%5&@& RienaRingpsi gnal s,
said selected buffers driving 20 said various units, and a distribution

i nhibit circui i HH b i i 1 Q f 4. cC ignal in response to
said | ock det g:atgésﬁ gdr}\g# tzLtr{oVér!Lle u]{:éebféqfec rfé)l-?rg%r}\QYi }él??é?%?f erence generated
nenory configured to store data;

in the system 12 é 1 é UN 2&&5? .
i nput / out put (1/0) Fd&vi dedSofertaOMhG1EE ts8hd on heddklectath fromthe
processor and the menory; and a bus system coupled to said processor,
menory, and 510 Ri&ndEsi nawharbusr eset e contdingetot enenabl e transfer of
data between these devices, said data synchronized wth a clock signal
di stributed byemmidingrdelofittie igneseant neivenkioh0 7Théhelsysioem of claim
6, further conprising;
indication signal 302 is polled, at 400, to determine
if the lock has been achieved. If the lock is
detected, the proceSs in the clock distribution
network 202 performs the PLL clock enable
10 distribution, at 402. The process then checks power
signals, at 404, to determine if a shutdown of the
clock distribution system is requested. If the
request is not made, the process continues to the
next cycle, at 400. When the lock is not detected,
15 the process inhibits the PLL clock distribution, at
406.
FIG. 5 'is a block diagram of a computer system
500. In one embodiment, the computer system 500
includes a PLL 502 and a clock distribution network
20 system 300.

The PLL 502 receives a bus clock 704 from a bus

system 506. A phase detector in the PLL 502 compares



i i i i gnal' s {qr ypegeiing
an enabl e generator operating to generate said enable signa !
said cloc gaiggﬁ5 to selected clock |oads. 15 8. The sy;tenlq; clalg163
further COHDPISiH%: a clock distribution circuit operating PeTH§M/€6LId
clock signal to said buffers synchronized with said enable signals and said

t si I, £0. 9. The. system of claim6, wherein said |ock detect
L?;Ea?eggcde?ggggﬁyé% %i#?hgsﬁggﬁitgb?eﬁhEhc9 seqdbaicki drquusress of the

-1 ocked | .13 . AY(. A A&n. A" . AYH. A9. AFnY. AsH. AYy. A9l . Asf. ALH. ALH
(%] alsﬁyEng: 3 Kq% @(rVﬁéAYﬂ"l&%] Eapdbach] fapgabhcy] tadksajtefd] cRa] f:a] cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] caU] ca U] c”a U c”ralU] cal]calcajca !<X$ z
LRI 8x vy output of the VCO to the multiple frequency oﬁ tqj
zupkfal[ V] ] cal] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal ca]ca]ca]c
a] ca] ca] ca] cajme callaed @) £a] CAAEAES often employs a crystal

) S oscillator 508 for the reference due to its low phase
noise as well as its high accuracy, which insures
good frequency matching.

The clock distribution network system 300
receives the PLL.clock 5;0 and the lock indication
10 signal 512 froh the PLL 502. The network system 300
processes the lock indication signal 512 to determine.
whether to disable or enable the PLL clock 510. If
the lock indication signal 512 is asserted, the
network system 300 distributes the PLL clock 510 to
15 wvarious units 520 in the processor 514.
The processor 514 is then able to interface with
other components of the computer system 500, such as
a memory 516 and I/0 devices 518. Synchronized
clocks in the processor 514 and the bus system 506

20 enable data in the processor 514, the memory 516, and

the I/0 devices 518 to be transferred and shared
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JzB<) 6 EX\vg8 41121l gb] X] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] @@kﬁgb@,@j@g] cal ca
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1F1L101112E22222&3A3e3334+4%égiénggL£iéé;;%c;Lc;]cz]cz];?];iégiig?LZZ]gﬁ%g

e¥] exepea attahcagcaber] e

8%i?£§ilizigﬁiloil12E22§ggg£A3£3334+4a44{qugb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]

ape ve] enpeaidan]icald ealrrl cahesl £8] 6aL¢al ¢al sakcal cal calc
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integrated circuit (ASIC) chip. Further, a PLL,

10 along with a clock distribution network system, can
be used in applications other than the computer
system described in FIG. 5. For example, they can be
used in data communication systems, local area

networks, and data storage applications.

15 All these are intended to be encompassed by the

following claims.

- 10 -
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What is claimed is:

1. A clock distribution network system comprising:

a timing source generating a clock and a lock detect
signal;

a plurality of clock buffers;

a distribution circuit to enable selected buffers of
said plurality of clock buffers responsive to appropriate
signals, said selected buffers driving loads coupled to the
buffers; and

an inhibit circuit to inhibit said appropriate signals
in response to said lock detect signal being de-asserted to
reduce electro-magnetic interference generated in the

system.

2. The system of claim 1, further comprising;
an enable generator to generate said appropriate

signals for passing said clock to selected loads.

3. The system of claim 1, further comprising:
a clock distribution circuit to route said clock to
said plurality of buffers, such that routing of said clock

is synchronized with said appropriate signals.
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is a phase-locked loop clock.

6. A computer system comprising:

10 a phase-locked loop to provide an accurate clock
signal and a lock detect signal;

a processor having a clock distribution network, said
network operating to distribute said phase~locked loop
clock signal, said network including:

15 a plurality of buffers to receive said clock signal,
said buffers having outputs tied to various units in the
processor,

an enabling circuit to enable selected buffers
responsive to enable signals, said selected buffers driving

20 said various units, and

a distribution inhibit circuit to inhibit distribution
of said clock signal in response to said lock detect signal
to reduce electro-magnetic interference generated in the
system;
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an enable generator operating to generate said enable
signals for passing said clock signal to selected clock

lcads.

15 8. The system of claim 6, further comprising:
a clock distribution circuit operating to route said
clock signal to said buffers synchronized with said enable

signals and said lock detect signal.
20 9, The system of claim 6, wherein said lock detect

signal is de-asserted during a fast frequency acquisition

process of the phase-locked loop.
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