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FOR VARYI NG A  CLOCK FREQUENCY ON A PHASE BY PHASE BASI S *coooQz*
BACKGROUND OFC2BSY°R\VENTION 1. Fiel d of the Invention The preggws?gﬁ%ggﬁti on
rel ates generally to the field of (lz\lgsck circuits, and sRecifi cally, to a

met hod and appar atus for Mééﬂ@ ANP JHEARSJIER EP I Y ARYANS e Aoy phase

basi s.mwuwﬁmwnd | FLOY G FRROCHRSGN AN AdSEAGE BY FTBABEBASE to t est
and delli speed paths on newly desi gned m croprocessors. A
conponent +aesker is typically connected to the microprocessor and generates
a test clock used to drive oBAGKGRONNRAF TAHBINVENTION so herei nafter
referred to as the core) contained therein. The functional units include,
for exanple, the data path, input units, execution units, cache, output
units, and the like, O ogk hriﬂk' ng i s a mechani sm by which the frequency
of a clock (or group of g—!%il@ét—?—iﬂgﬁﬁ%bd dynamical |y during the execution
of a mcroprocessor. The term "shrinking" is used to denote that the

f f I I £ ' d | at,i .her, cl ock
cyclos, & ock shri mig rErE B R Sar AT b AR sl e

: g | Fig g
Cingle o ook (KA Tan o Piarad Rac' ERERAC T QR ok IRl ).

a single cri tiﬁﬁgse hi@bdae; i solated in a test or diagnostic that
contains many critical speed paths. Normally, in a high frequency

m croprocessor design, the core clock is generated froma phase-| ocked | oop
("PLL"). The PLL is an analog circuit that generates a perfect, even duty
cycle clock froman inperfect, uneven duty cycle 2 6 SEP 2002 - WO

991 56393 PCTI US99108888 Badtgrokngcindesnation de range of process skews

vol tages, and tenperatures. The PLL al so guarantees that the generated
clock's rising edge _is synchronized with the rising edge of the input
clock. The PLL is uSsemponienhisstersiage otprupedipy test mod sebugysitisal snesd paghk
before being driven to the m croprocessor core as well as ensure that the
core clock is 8% PEVIEHRRIRPEAIMKIORTOCEHE )t EPFONERbEGStCIHp dypigally connected

illustrates a prior art test system 10Q. The test system 100 includes a
tester 110 cou{ﬁ)ﬂt@& TGI%PWCE?S(S’;SF&{&‘SF’QE%WWC&)&gUéﬁé?&ﬁ&ieqr?en%”f?ﬁ? Under
test conditiong t ster 0 ' t ock al ong.signal i 120
to the mecr opr%%‘éggél%ﬁi%l .(aﬁ?eh%%@%%:rtcg?:fl%gteég?)caﬁﬂ“?%?rr? Icﬁﬂgaén%cg S or&
shrunk and/ or r : Q6 5,85k 10 hE A / i 1 ithin
the m croproce@%&ﬁgggg&%ggm{’ (?: ok;%k Ft)g'pa\ségfest;g)k5 E%ﬂ,ﬁ&%ﬁ@ﬁ%#g&e@ﬁrﬂg
internal core ghiegkadid @chbyt uhids, aRdghagRAer, a shrunk and/or stretched

cl ock generated is passed directly into the functional units within the

m croprocessor. |If the test clock is fed to the PLL, the PLL will attenpt
to "clean up" an i nCkukisbmalkisyisnkneahatiion st whidhee feéqodncydie dbakugok
and/or stretched clock is treated as systemnoise and wll either be

re- adj ust ed bagioupooftdiecks) isgthralgetirdymasricallypdutingake ekecutimrkoff t he PLL and

cause it to spin out of control. However, using an external tester to
generate a var Négroprerers@ndihe term "shrinking” is used to denote that the frequency of a

clock cycle of interest is reduced relative to other clock cycles. Clock shrinking
is a debug tool for testing newly designed microprocessors and other types of
integrated circuits. By shrinking a single clock (and leaving the other clocks at
a lower, passing frequency), a single critical path can be 1solated in a test or

diagnostic that contains many critical speed paths.

Normally, 1n a high frequency microprocessor design, the core clock is
generated from a phase-locked loop ("PLL"). The PLL is an analog circuit that

generates a perfect, even duty cycle clock from an imperfect, uneven duty cycle
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" bypassing the PLL means that any system noise or inaccuracy is al so PasSERd)?

directly intg t re. For this reason, clock shrinking and hi ng
« has only beewoﬁggg%%gl e on expensive conpenent testers, which gejgmgggrﬁog e of
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the clock frequency 8 clocks on a cyc e basi s!

SEP T002 WO 9965#%?252}3%&’1\%\618& Bétoré DMENTL (Db EHé%%%?@ﬁx}ﬁﬁ%séo’? cBFas well

enbodi ment, the p nt invention is a circuit to vary a frequency o

i nput cl ock. TheegdureUhht thecoreeRch islelidyyg@iishatedrtoltRe gRRSAA Godl | east
two del ayed clocks fromthe input clock and a select circuit coupled to

receive the at | east two del ayed cl ocks and provide an output clock from
one of the at | eastFiguredellayedtes|aopksr arthestsgbteat 1@0. r'The tessyysterhaddOt he
out put clock fromthe one of the at |east two del ayed cl ocks to the other
of the at | easindugesdetesiaad 16|cocipiecbip anfitroproessger 1 B ER apREGRITRT LDk 106
THE DRAW NGS The features and advantages of the present invention wl|
become appar enHndesigst ﬁ@nfimqrb\m%e%?l&ﬁﬁé@swéfc@ 195t Flonk glonegpaldermi20
invention in which: Figure 1 il]ustrates rior art test system Figure 2
il lustrates antoes%@rzﬁr% ProseBR tnt I ngrtes! 'Ey;ﬂl@r@ siggtudemone R PicPTGHBR
enbodi nent of th resent iLnvention. Figure 3 illustrates an exenpplary
enbodi nent of f”Pn‘g/ ‘i%tE‘Rth%q F%ﬁcgrs fox ?eégf‘g Vaflol’—*f’&d‘?%'oé‘.a?lépﬁamtwnitgg ustrates
an exenpl ary enbodi nent__of j it of \Figure .3 Fjgure
5 illustrates gﬁgré)fgﬁ%ﬁ‘sié)ﬂllﬁ?%rﬁgle%?%%ggﬁ&g%g{eﬁghé ﬁgﬁf‘ %a%%v%uﬁhgdgteg?aglnal S

of the nultipl exercQlk EirgHhE B tiis Blirfieb/ dHHR IR tFeRRO A& d
enbodi nment of tg e CI%; er[;g#a?t'i ng é%rcﬁte ‘of Fri guraé1 ﬁﬁ SRR g’enerate
is passed directly into the functional units within the microprocessor. If the test
clock is fed to the PLL, the PLL will attempt to “"clean up” an intentional shrunk
and/or stretched clock. The shrunk and/or stretched clock is treated as system

noise and will either be re-adjusted back to the original frequency or break the

lock of the PLL and cause it to spin out of control.

However, using an external tester to generate a varied clock and
bypassing the PLL means that any system noise or inaccuracy is also passed
directly into the core. For this reason, clock shrinking and/or stretching has
only been possible on expensive component testers, which are capable of
generating accurate, high frequency clocks. In recent years, however, the core
frequency of microprocessors has been increasing at a faster rate than the
capabilities of the component testers which makes it nearly impossible to

provide an external clock at today’s core frequencies.

Accordingly, there is a need in the technology for a method and
apparatus for varying the clock frequency of one or more clocks on a cycle by

cycle basis.



" CVO 99156393 2 6 SEP 2002 PCTI US991 08888 Figure 6B illustrates anot Hef SEP 200
exenpl ary enpgdibmpi of the interpolating circuit of Figure %;C-Iﬁ'b@éfogsgz
gna

illustrates a timng diagram of an exenpd ary output clock si of the
interpolating circuit of Figure bA. Figure 8 illustrates an exenplary
enbodi nent of a control circuit for controlling the control lines of the

mul ti pl exer of Figure 3. DETA g@%pﬁgﬁ@l@glﬁ]ﬁfﬂwmﬁ@m invention is a
nmet hod and apparatus for varying a cloc requency on a phase by phase

basis. In one inplenentation, a clock variator circuit is inplenented
within an integrat eth hé emibbdiraedt, th@prdsef OPReAaAsAQE A cRbdtitdvhbdedreudatpy
generator circuit which generates del ayed cl ocks (versions) of "an internal
clock (e.g., oofprasgutatdekd TreoprcUpLintludes akjelay deneratt t todeeweate s least
receives the internal clock and the del ayed cl ocks and provides a cl ock

si gnal havi ng tato Helayed ehecks|foark théarseuttdhenk arsd @ aeleetdcifuotedupded ¢oeéaetier  of
the cl ock phases by selecting specific edges of the internal clock and the
del ayed cl ocksthefah wt‘é@tﬁﬁhm&lpdﬁ@@mdvammm dpek friom pre¢ff Hessata

shrunk cl ock phase (e.qg., | ow phase or a high phase of a clqck cycle) by
swi t chi ng an o‘ﬁi‘ﬁd?"%%‘@b(egﬁ&ﬁké E@Fasﬂser %T%’é‘l(s‘ﬂSdéFss*B%SH&"dfeﬁa%g'O&g& on

a clock edge. In this odi-ment , the .clock variator. circuit ovi,de a
shrunk cl ock cR§ %PW ag\rlgalsgWﬁd}eg%‘@dgﬂ?gtﬁtoéﬁseﬁh?rr%ﬁﬁ?ﬁgtje@é&gﬁ%dgglyﬁged
clock to a thir | ock (0 second cl ock edge. The third clock may be the
internal cl ockd%kcsao? ﬁrfirgtee?dgfél ayed cl ock. In another enbodi nent, the clock
variator circuit provides a stretched clock phase (e.g., a | ow phase or a
hi gh phase of a clock cycle) by switching the output clock froma del ayed
clock to a second del ayed gipqek 198s@r¢PPEIsNeBgerHEDRAW QP ment, the
clock variator circuit nmay provi de a Z 6 SEP 7002 WO 99156393

PCT/ Li S99/ 08888 stretched cl ock cycle by switching the output clock from
the second del ayed Thetdttiesandidvdintd@slofehe pr&eaoliteatioakytlgaomidie third
clock may be the internal clock or a further delaved clock. In the

f ol | owi ng descappatrennfrofrothepiotlpeseg defailedpleanaption of thmpresast tteteatibs iar e
set forth in order to provide a thorough understandi ng of the present

i nvention. Howehe&ty it will be apparent to one skilled in the art that
these specific details are not required in order to practice the present

i nvention.

Figure 1 illustrates a prior art test system.

Figure 2 illustrates an exemplary embodiment of a microprocessor

implementing one embodiment of the present invention.

Figure 3 illustrates an exemplary embodiment of the clock variator

crrcuit of Figure 2.

Figure 4 illustrates an exemplary embodiment of the delay generator

circuit of Figure 3.

Figure 5 illustrates an exemplary timing diagram of the inputs and

output signals of the multiplexer of Figure 3.

Figure 6A illustrates an exemplary embodiment of the interpolating

circuit of Figure 3.



Fi gure 2 illustrates an exenplary enbodinent of a m croprocessor 200§ SEP 700]

i mpl enment i ngy@vesQePodi nent of the present invention. Referrigeri&ofksdre
2, the mcroprocessor 200 includes a clock generator circuit 210 which

recei ves an externat. : I | LI ically froma
oscillator or a cr %1531#?8?&@%%%?3%@%%@&@\1&&@#&%¥}Ime.[- Hec atRge
CORE CLOCK is fed: ality of functional units 2401-240Y (where "X"
is a positive {kﬁgftte&n%ﬁgg?l The functional units, include, for exanple,
the data path unit, ALU, execution unit, cache, and the |ike. The cl ock
generator circuit Z38utdgliugasatds Rldm2Q2dwbtah d?%ﬁ@x&@%;lﬁi?—d&tﬁﬂ@c%&erat es
a perfect, even duty cycle PLL clock on signal |line 216. Since the PLL
clock may not sguadlafithe ittepPoteltp\cieyid of Fighe AL cl ock may optionally be
fed to a divider circuit 220 (shown by dashed |ines) which divides the
frequency of the PLL clock by two, in which case the PLL 202 may generate a
cl ock having tw ce Higaré Beldusnates afflegeniplanyeambid iouertt of 2@ostviol ciresit éver y
other rising edge of the PLL clock to a falling edge to ensure a 50% duty
cycle. The outqentradfing e gowiraklines ofcthiermpbiplexerioédfigeRk. t o the PLL 202 to
ensure that the rising edge of the clock on signal line 222 (and the CORE
CLOCK 232) is synchronous with the rising edge of XCLK on signal |ine 214.
The output of the divider circuit [ S..-C mul ti pl exer 230

whi ch, in normal node, is select e@éig‘@ Bﬁ&?@@r to provide the PLL
cl ock as the CORE CLOCK. t 6 SEP Z002 WO 99156393 6 PCT/ US99/ 08888 The
PLL 202 is also co e . K _vari r .Cirecul i .recejves the
PLL cl ock on si gnarﬂlkei’ ﬁéés%l‘lgm?ﬁg‘%égﬁgraarg%tglgdaanglc%géiar(g)trj?%sfeégk%ﬂwgﬁélé 4

whi chmay have ¢ %y@{ £ %Qf#gif Eg@gé Bhsis! ﬁ?&ﬁ@ﬁg%%bg\gat%}@%%oc leri&tjgc?Ck

variator circult I nterna nerates one or I screte aye

versi ons of thercBhlis GhpAkm@REPRANIAGS iRte Eﬁgdm(&g.é'rﬁf&%px‘dceéo?%nd
having at | east one cl 6ck phase that is varied fromthe remainder of clock
phases by sel gatliudigs acdelay ﬁ@ﬂé}%t&aﬁai’@ntfv&@d‘ﬁ gdreeralies eleRiyed ded cky @dedirs) of
and the PLL clock and/or the PLL clock. The TEST CLOCK may optionally be
fed to a divi devintéermnaliclocRZ6.g(, shphaseldycldaisioed "PLALE slockharaha dnwitigdexerhe TEST
CLOCK by two. This reduces the conplexity of the clock variator circuit 218
and a control whichueteivesthe imternpl Fioghradahe debyiedelankisypndrprovidasie ddgle
(e.g., the rising edge) needs to be varied instead of both the rising and
fall'ing edges.s:gid hagdes ahkaast @ng/glork@hpse thag iy varigrbframythesemainder ef 1hgi ch
makes every effectively varies both edges. In a test de, 9.,

val i dation t estoGigphassedy %ﬁ%%ﬁ@%%ﬁaggf%{nt@mrﬁoe*ﬁé@ﬁﬁfﬁ Aplaygds 230
is controlled 8 way of control line 234 to provide the TEST CLOCK as the
CORE CLOCK. Fi€ 9}‘5"3 illustrates an exenplary enbodi nent of the clock
variator circuit 218 of Figure 2. Referring to Figure 3, the clock variator
cirouit 218 i1ncludes gholahByiffast Motiobk LaHhlorthuihi6Dides GRVERI LIRIPLL
clock on signal line 216 and generates one or nore clock signals DI-DM on
signal 11 nes 3AR4315M (BGF Bhadoidr a higripRaRidra\ o) Bythelioniabiah dtigut ed
to a nultiplexes ggy’%\ﬁ% oﬁg éor m)rzgh,é?ockii \écﬁ%l s [C)I%) rgg\?eahd%?aye%&p
versions of thgodlirofl aclkelayled A0 td Dpedondtdetayantclock sRalcdkoRiges ilgnalss
D1-Dot, the PLL clock may also be fed to the multiplexes 320 (not shown in
this Figure). embadienarthtd ddock vatihermidctiitphax psodde aphounklelock cy88byCLOCK
on signal |ine 325 by selectin?, on an edge-q%-edge basis, one or nore of

t he cl ock si grsatisching v outputslednirempthetsedond delayed stockitp @uhindyclagy opa
used in lieu of the nultiplexes 320 to enulate its functionality. Thus,

circui try havisggendelockfeageondle thyrdogloghmay he theiatesralaierk ersefirthgry be
|1 f d "sel ect ci jtry". Th | tipl .320 i, 2 6
2EP 2002 VD 9FFATES Pt U ST EARTTY 4B C REBIGHRCH AT FTOHIASE 330 by
t at hi t, sh whj ch | ect;s th EST i bel )
The TEST CLOCRSRAShT POREPRYE [5eB 1 SaPT &R PhE STROPEITTY 41 PERtIIGRY, “as
shown by dashed, | §-théeu§¢s§g@%az%oﬁ{@9g|a]@@gted k bl EHROhALIMCH QUi t

340 and a correspond?ng ti lagramw I scusse eference to
Figures 6 and cY@cH@é%@CM 84 ¥mblAGMERAN ROk D882 B3QitBY ke, faiABkLI ed in
various ways (see Figure 8 for an exenplary enbodi nent of & control circuit
for controlling the control lines 330). In one enbodinment, the control

| ines 330 are user programmabl e where a user can wite to a register and
sel ect the clock frequency, the clock phases) or clock cycles) to be shrunk
and/ or stretched, the duty cycle, etc. In another enbodi nent, the control
lines 330 may be controlled by an internal interrupt routine where if a
test pin of the mcroprocessor is enabled, the mcroprocessor enters a test
node and executes the internal interrupt routine. In yet another

I Y . o ~ NN o o o Y




" WD 99/55393 8 PCTI US991 08888 circuit 310 is nerely exenplary and that 6tRdB0
types of del Q) grisgzator configurations and delay circuits may-bg;sbsfess N
. lieu thereof. 1n one enbodi nent, each delPay circuit generates the sane tine

del ay However, o Bi $eHS10 cyRfe b ma‘&;ﬂwe%é% EcIBLIERBR tﬂ{%&%h fayed

anot her enbodi nent, the time del ay froM one ay circuit another’ 1s
different. Fi gujgk3oial thust ¢8E1€8n aseRSRdBIoRL ¥dbb MTRE tilk AYIRL By HRgHL NPUL S
and output signals of the nultiplexer 320 of Figure 3. In this’ enbodi nent,
"M is chosen froehealstidiod Ofurthdibdiapdd €bclpur poses only. However, in

anot her enbodi nent, "M may be any whol e nunber greater than zero.
Referring to Figure 5 the PLL clock is the output of the PLL 202 on signal
line 216. in this elbod frdltwinghdespeption, fof puinpodeks bf ekplakatisonchoserouso be
8*t for clarity and illustration purposes only. In this enbodi nent, del ay
cl ock signal Ddefaglsardettfpeth neorsieoho pfovite aphoraighokndardtarsliogodtled by t.
Each subsequent delay clock signal (D~ D3, . . . , D) is delayed by t
fromthe previ BieseaéinKer¢iose KigygHar i will bpapparent to ongghillegria t Pttltéiﬂexer
320 provides the TEST . OCKE{ sel ecti n?, on rgp edge by edge basis, from
del ay cl ocks D¥95¢ SRRETICINEIBIT ATEMAEReq TGl a0t e o wERcice dRe pppseny Upvesyion.
cl ock, TEST_CLK1 provided on signal line 224 by the multiplexer 320. In
this exenplary enbogl t, : j same fr as
the PLL clock with % %@rgxzc%%? ﬁgglgo a gllpr%%g&g Pgﬁﬁerﬁllbgc I%g%g%&%g&tc%oti me
510, the TEST L, CkI° I ; | iny L Og:
falling edge a&?}eﬁrﬁé% ?\}kﬁFgﬁ@“}eﬁ?%ﬁrﬁg@ééﬁ%&g@?ﬁé@h@gg‘gg‘g%re .2'
signal), the TERIipreéd& 2005ineRIMes Al dIGS dehebRABE cRethibh b RehieH 9&ceRfestdrTe
QL2 (1 /8th of a clock cycle earlier), which'is the falling edge of the D~
clock signal. Skirhalrdiyck XQEKeaE sipinahAié DOL @Ypicall%\_@ro@ﬁiﬁﬁ Rtillakdeobd Syl ch
is the rising edge of the D~ clock signal), tile TEST CLK1l signal is
controll ed to haderavidesiaXGQOREELACK breignkblicd 288t The CORE IGICBCK)Ys f&l to a
earlier), which is the rising edge of the D3 clock signal. Thereafter, the
TEST_CLKl si gnRiuraity Réfpstionak knys g#dir240xdwhepe §X'Sep pasdtivenyhode BegsT).
PCT/ US99/ 08888 9 such, the shrunk clock cycle fromtine 510 to tine 516 has
a period of 6*fhefunetirnd wsuinelude, Sopsampies the dathprthcprickAEL BXRCUtPRE
present invention nay al sg sh”énk and/or stretch a single clock phase
rather than a WS 8CoeRA LY2HES The TEST CLK2 signal exenplifies a clock
signal having a single shrunk clock phase. Up to tinme 502, the TEST_CLK2
signal is the D6 claogk signal. lnstead. havi ng. apri S} edge at ti 06
(which 15 the rising bantornereBhe ardio BRAR ol 0T Rei R eB oo RY
controlled to 4§ [ 4 ., of | Y&
earlier), whi c%ﬁgge?l ﬁéétgé g%ﬁgﬁgggsgg%ghﬁﬁdpgﬁéﬁ:@&ng%gﬁ? h%%leéz:if‘tﬁé% tlrBtehe
TEST CLKZ signppLi éoékhﬁlagﬂr\&lg%lﬁar&bgaagos’/o Aetyseels, thPLRRIdRIMAY dpli@nally unk
cl ock phase fromtine 502 totime 504 is 2*t. "As can be seen in this
exanpl e, the cbeé¢dd varidatider eirceis 220 (dhotdrebpdastent lingsy evtiiclhriiges sty unk a
single clock phase by 50% The TEST CLK3 signal has the sane frequency as
the PLL clock freghetbeobiteddtil olvckfbyavs, myhdhighrasekhe PbEIR202yrobe geheratéa s
case, the period of the shrunk clock is smaller than the shrunk cl ock of
the TEST CLK1 sloghdlavingtwisetthenfregagncyt. hehergisiden s udti Z0awitchesieaenBottieock
signal. Instead of havi ng a falling ed?e at tinme 528 (which is the falling
edge of the D3rigingc&dgs ohtde)l Ll lock sy adling edpgrarnsureeorit’s dutedyele hhoe a
falling edge at tinme 524 (3/8th of. | ock .cycle ear]]j which |s the
falling edge oPUim Cﬁﬁﬁeéﬁb‘éﬁf it 23 lsofffér?é%ﬁ‘g”laeaﬂrfss{%*%aa%f&tfl‘?ﬁ‘En'lé S30
(which is the r.ising,ed of ;the PLL_ clock h } (S
controlled to H3VE %dgei ‘gﬁetr?ﬁ Cé%%(eo a%llg{‘fdnlén 95%7()2 %&ﬁ éﬁ%&@%%@%%ﬁ%
earlier), which,il LS| oQbo T 1€ 3 74 T r-¢ the
TEST CLK3 si gn%{}léisrtog ﬁgg Bﬁ{kg%gglgﬁngﬁﬁ% BFX? le\uéﬁg%ﬁ!aggéelrb }%'dﬁgg %t%l el?ts%fr unk
clock cycle fro biuBendddif2d] BRoaZRd & 2mbultifexE&ATBORChRBETh hBrhhil Bode,
exanpl e, the clock variator circuit of the present invention has shrunk a
single clock citdetediyd %ot ihie 284 eiptaariye eebPUL etk 28 BT OREGLGEKEN
del ay signals were generated, the granularity for a shrunk (or stretched)
clock cycle is 1 /4 of the 2 6 SEP 2002 WD 99156393 PC |1'/US99108888 10
PLL clock. This may not be sufficient for speed path testing or other
applications. To achieve finer granularity, the delay generator circuit 310
may generate nore del ayed versions of the PLL clock (e.g., by increasing
"M). However, in this enbodinent, the granularity may be |imted by the
delay of the delay circuits, which may not be sufficient for all test

purposes. Alternatively, the interpolating circuit 340 of Figure 3 may be
used to provide finer granularity. Figure 6A illustrates an exenplary
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*the i nput signal when the input signal switched either froma fallinggest@e00?

to a rising qgdgss@hsfroma rising edge to a falling edge. Fi gag8udosnssss
illustrates a timng diagram of an exenp§ary output clock signal of the

|t er pol ating i rCufe B4D A JFLANTS, Bfb B ALEL UG LR, FLOHIO16 A8 Bllrvos

cl ock signal and the sirgnal are s or reference purposes.

Figure 5 the th'e Jﬁeﬁr@el%cma &H%Q&etﬂ(?%‘ﬁeo%\egﬁreggcélégk é{}lgﬂﬁé M4 gaual- to

seven with eac ayed cl ock being del a y t anmount e previous
del ayed cl ock. mihealeGhesddRate Stk 4t orbaetdRUe1ddiCshds@E. TThe cfrke where
"T" is chosen to” be equal three For a high phase of the PLL clock, 12 tics
are avail abl e.vaidtee cirbeit de$ ayegedlBr gdradrates badior dR dbderaliélbpeexersid) in
Figures 3 and 4 provide a granularity of 1 /4th of the PLL clock, there are
12/ 4 or three of the@LI3AH0206Rd \WD09 BeS BIBES T-CRORH lod3991:0 3882 24 hesing at least
interpolated for each 1 /4th of a clock phase to yield a total granularity
of 1/ 12th ofonehdopk phesothat innaned frermthe teastindenefglogiEsiiaseisky dedecting,
provided on signal line 224 by the clock variator circuit 218. Up to tine

702, the TEST @ Raedggmabisi Bomnhertisrety dedayqchyewsion and thaPhh clodkaand /ag
d t time 706 (which is the fallij d f the TEST CLK3 signal), th
00 & T e e S DL R g el et et 1
v ng ari 5 HaTBARE e R e divifies FRTESE retebny Yord TR FeERes ks
Conan o th N : o age .
708 (e 11 corBginsigxRy iMe HBCE ORliER il BB SRSl 1T

Lime 708 has apipatd fhlaudt nly oMbiBhk kg MNthdNsiAR GiEE PR GOHY Yiited

clock of the TEST_CLK3 signal.” Figure rates ~exenpl ary enbodi ment
of a control %gf@autof%mhfméri@ggm fdll’ﬂrﬂgécﬂﬁ%‘es@%éé&geﬂhﬂ?% vhdbDfs f6A€o the
e

mul tiplexer 320 of Figure 3. Referring to gures 3 and 8, the control
circuit 800 i ngivig@sciredie@hsdemaked eveédyQRffetivélly Nianls bobdg@s InwWhREEmoYe, | S
a positive whol e nunber), where each entry in the register file 810 selects
a specific cl oeks.(ddidateh estihfespeed gatatesahggdpbhigeibg, ¢re)vheladildplesiegnal
line 325 by controlling the control lines 330. The control circuit 800
further includ ia controkeddiyrivey o§eontroldinac2idt toepronédryide TEEHELAICK as dhy
entry in the reqgister file 810 on a phase by phase basis. Each time the

cl ock pointer @gﬁu%ﬁ&ﬁ§a§-to a new entry, the output clock is changes to a
different clock to change the frequency of at |east one phase. Referring to
Figures 5 and 8, an_exanp ' rovi ded for sqge.of cl Initially,

l.e is i ty.

entries RO and Rl aFBUrbadlerTaeaar serpidy b agimans of faselack Sapialti ve y.
During execution, . Kk i nter . L to L n 0.en ; J,Gh
causes the out%ﬂqm%:%']gsc% ﬁguﬁ‘ggt #5 eﬁimglté?lig.urﬁtfghep%llo% V\Aﬂé{% nglslmyl}(r%k cl ock
is desired (e.; j 2) : ' oSk, . j to
entry Rl -and (RS ben o P b e BRI Sk ey
which 2 6 SHh&0(aMDg8AkR6&IeoBmBed NE9RSRROD|-Dp okl sigialllites 315 next
cl ock edge of D.~. Thereafter, the output clock is D3 (unless the pointer
i s changed agal¥®) (Wherecdvit isal paditiceimthad®@fuprbesuhposesfed toecinatisexén32bad
one or nore entries in the register file and a state nmachine to increnent
the cl ock poi nfle oggor mor@w&ocg@sgwa DirRet arpdelay ddevespions of sheHLLslanke In
skilled in the art that although the exenplary enbodi nents of the_ present
i nvention has 3tditioadedhe Baa ofrpeReflecksignaplbckeys dhe Phhelgskaaanalsokested on
may be inplemented in various types of integrated circuits such as, but not
Limted or restortherayltiplexe; FF0Jpetdirwnin HiS Fignrgppln eng ¢rohodsaent the

i circuit, and the

integrated circuit ("ASIC'), a,.graphij chip, a sequent

ke T addi (PR EXBT 680 it e i DGR Ry RRaL s SURE B on
may be used to, optipi ..C ! e [ ' L higs
embod; ment . 1 R BRiEEBs b ecoRE Ny HERPS Bl ARl MHRELTERE Biktnehhlt e
nor mal node a e I, £ Y. be
varied for cer 3?%%‘%5?%&%?%?@%‘%8&,H@f{g%fn{mggﬁﬂtwg%%e"cltggﬁgﬁﬁ or
circuit throughxieheQdeIhud eirc@Xa M ahg ithe AlhdtRBGIIHCSS BR BURINEIES29
functional units (e.g., circuit) that fafls with the 'CORE CLOCK, the

CLOCK can be sitscet §haghd @ity edforkd ey ab eld@irthinty"| Miertattigloxer 320 is
Conversely, if an inStruction exercises a functional unit that operates at
a higher frequency than the CORE CLOCK, the CORE CLOCK can be shrunk for
the clock cycles for that instruction. This technique allows a CORE CLOCK
to be intelligentiy varied to optim ze the speed of the integrated circuit.
A further advantage is that the divider circuit 220 and the multipl exer 230
are not needed. Because a varied clock can feedback to the PLL and cause it
to lose its lock, a separate feedback |oop is provided for when the clock

. o



"provides the ability to change the frequency domain of a nicroprocesddrSEPoll]

any other syQedgorpsds | C design) during the normal runtime of ptPgssdistss
+ This is a powerful design-for-testability feature that can be used, for

exanpl e, to "shrjnky i [ C K hereb tressi any
Functi onal _uni tan e SRR Al e aPTE A e uat DR IOY: i dube o
and shown in t i am b oSt el—jg_;gwfir . )
enbodi ments ar Eglﬁeet%gﬁy_ i i I ugtg(r)gt’% {/Helé‘%%s%drl]helﬁgi). (rafeﬁsét rmc ?&?gﬁ%%ﬂg‘é?gg%ﬁk

i nvention, andpthad té Qh%!&%@lﬁ?hﬁ%ir‘lmt 38, Ad HJBA bl UalshEd BREST AnGexemplary
constructions and arrangenents shown and descri bed; since various other
nodi fications eebdfifient b thd@serpaltinacitdit 340 4ded cbfrebPéndinlg timirgg 6 SEP
2002 What is clainmed is: Acircuit contained in an integrated circult

havi ng one or ridagrahundllberdiscussed 8sith feferencetd Figuoes/fiand Gneespectinglg. phases
of a clock, conprising: a delay generator coupled to receive an input

clock, and to generate at |east two del ayed clocks that are delayed from
the input clock andTéecienttahdines 33¢ alagdre esintmalled inowpliaes ways EeeFigure Bdfoat
| east two del ayed cl ocks on input term nals and provide an output clock on
an out put ter n2pgxemMersamnbedimertafia candral sicuit fresertrohiagdbaentrol lines
termnal; a control ci rcuié3 é,oupl ec;}eto th? at lLeast one control term nal of
the select circa?k Inonerrebatingntciieioniral fngsdiateieses Aregranmapls vhees a
switch the output clock.froma fjrst .to, a secqnd of the |east two, delayed
locks on a f DS GIOHT GRS gargiles 2 sRes b Reauiey, BRotiett Bhasedy &
interpolating c¢jreul I L t.nal ,d 1.0t ting
cirout to 1t oisSAFtgiB e it 2R Pt ArbichEL IR RS 6 B REOG ob

clock for pfOViegHHbgmem%Eic e BULR 339 ASYH bk QohBS118A% v HRE Sl Hﬂﬁmg@a'
ITre e out put

units, the nodif ~output clock having a finer granularity than t
clock. 2. The ebhgheé M@freeﬂaate:a% Binvéraheimickditos@dsef s &lablad, thé AlTfopt8&esdor

mul ti pl exer. The circuit of claim1 wherein the first edge is a falling
edge. 4. The cientdth b tedt mbaé ahd ewbeurtes thetineerhil Siteredgerdtirie. InSjed@netae.
The circuit of claim1 wherein the control circuit controls the sel ect
circuit to sw eotbadimeatittpatcontrotknés 330 mhyp beicoatrofled thyemgeocottt whetdhe at

| east two del ayed cl ocks on the first edge for shrinking one or nore phases
of the output ceperdingroptha/ingiragtionéeo beepenuted cule aronprreclogk pbeses and /or

clock cycles may be varied. It is to be appreciated that various other techniques
may be employed to control the control lines 330 and that the techniques

described herein are only exemplary.

Figure 4 illustrates an exemplary embodiment of the delay generator
circuit 310 of Figure 3. Referring to Figure 4, the delay generator circuit 310
includes one or more delay circuits 4101-410p which provide one or more
delay clock signals D;-Dpt on signal lines 3151-315M. In this embodiment, the
delay circuits are buffers. The delay clock signals D1-Dy are applied to the
multiplexer 320 and to a subsequent delay circuit, with the exception of delay
clock signal Dy which is only fed to the multiplexer 320. A dummy load may
be coupled to the output of the delay circuit 410y to match the load seen by the
other delay circuits. In this embodiment, the PLL clock on signal line 216 is

also fed to the multiplexer 320. It1s to be appreciated that the delay generator
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circuit cont select circuit to switch the output cloc
.first to th Vl@L—S\’?:/?)gr?g?of the at least two &el ayed cl ocks on thegﬁégt&oe

f tretchi h th k di t h

out put | ol ook (RERES B BTN ERS T B ”hﬁ”}eﬁvé’efi%off SGeRedreas 20026The
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of claim7 whegeinat P@sthbﬁéa o@@H@Fl-e%eﬁt frdlehtiBe. ?Hgﬁo%geh%cﬁﬁfé%%g‘?ﬂﬁe' s

arising edge. The circuit of claim7 wherein the first edge Is a rising

edge and the seqepér@Agreldeldy trbhit fgardgeRr isl@iffefre. circuit of claim1l
wherein the del ay generator includes: a first delay circuit coupled to

receive the input clock and provide the first del ayed clock; and a second
del ay circuit couplBgureSibusirates nthexempdarydidnayediagramkofahd ippotgiade t he
second del ayed clock. 11. The circuit of claim1 wherein said interpol ating
circuit furthesutpoipigredsof thefudipldeerd 8 offigufe 7.sln thimelbodiment, typés

havi ng a gate coupled to the output termnal of the select circuit, a
drain, and a sthesee o heserdhiprddlisiration PaTBews Rk oR@ueavieri iInanofher havi ng a
gate coupl ed to the gate, the first device, a drain coupled tqg the drain

01;] t]tle first cEoPedimenty’ f}ﬂf dBRY beany who §tnugébffre€'sreasergw BRTOndrdC IS Qes of
o o first serbgurep hedrRefe e REFoBReREr 2 6 sl kB aRfoir s he
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term nal;
illustration purposes only. In this embodiment, delay clock signal D; is a

delayed version of the PLL clock and is delayed by t. Each subsequent delay
clock signal (D2, D3, .. ., D7) is delayed by t from the previous delay clock
signal (D, Da, ..., Dg).

The multiplexer 320 provides the TEST CLOCK by selecting, on an edge
by edge basis, from delay clocks D1-D7 and the PLL clock. Figure 5 shows an
exemplary test clock, TEST_CLK1 provided on signal line 224 by the
multiplexer 320. In this exemplary embodiment, the TEST_CLK1 signal has the
same frequency as the PLL clock with the exception of a single shrunk clock
cycle. Up to time 510, the TEST_CLK1 signal is the D5 clock signal. Instead of
having a falling edge at time 514 (which s the falling edge of the D5 clock
signal), the TEST_CLK1 signal is controlled to have a falling edge at time 512
(1/8th of a clock cycle earlier), which is the falling edge of the Dy clock signal.
Similarly, instead of having a rising edge at time 518 (which is the rising edge
of the Dy clock signal), the TEST_CLKI1 signal is controlled to have a rising
edge at time 516 (1/8th of a clock cycle earlier), which is the rising edge of the
D3 clock signal. Thereafter, the TEST_CLKI1 signal is the D3 clock signal. As



" a second series of one or nore devices of the second conductivity typé ERcH
having a gate coupled to a respective one of a second series of_0 r_Jore
control 'term"vr?aﬂgésl,%”(; drain coupled to the source of the seconaca/é@?%@,sss

and
a source coupled to a secand power supply termnal; and an inverter
i ncludi ng an i Py tf‘%ﬁﬁ{‘ﬂﬁf glé’SgﬁVélﬁ ff‘g'Rtt?‘/TEe At A fhETEO loH@s A pestohatic $econd
devi ces, and an.output term nal, havi t he second out put clock thereon for
provi di ng t he ﬁﬁ’d&f Fses&rblﬂlﬁ‘pr%vt D(:1/°35Wq-gi€ﬂ‘er ?%%Xﬁ?eéwl 12. A nmethod for
varying a phase of a clock received by a device, conprising: generating at

| east two del ayed Cgﬂ%ﬁegé&ghég?ﬁwma@lgﬁghriﬁﬁgﬁdZ{)B %:tgéal% ats\f\r@wlgggoac‘xed

cl ocks bei ng del aye m ea er an e i npu selecql a first
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clock fromthe first to a second of the’at | east two S on a

first edge fOrcl‘éak)éig‘lﬂil&laph@g@sﬁfgléBﬁr&tﬂ@b‘ék?l’\@é&kﬂﬂ;%ﬁﬁ{é@o@@ tfzg one or
nore fine tics between phases of the output clock to provide a second

out put cl ock t BEETh@EKR signalgs dineiDardlack sigeal. hweadibphiviogaakisingrdge at
providing the second output clock to one or nore functional units within
t he device. 13timen20thisviiet isthectising efigevidhe Ds qhoakdigialy thoTBATs€EK2 signal
providing the output clock to one or nore functional units for testing
speed pat hs wi istiomtrdiled tensaveonaibingedge atdine So4i{ pifth of aclockayilegaalier) east

h hat i f i ff d ' han, h 1 h hod
o "clai m 15 fukehEh SBRITRE RIS R Dhg e SR R CRRleR the SESILE LK ond
f the at | : . del | t [ t .cl d edge t
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conprises swi tching the output fromthe Tl secon
| east two del ayed cl ocks on the first edge for shrinking one or

The TEST_CLKS3 signal has the same frequency as the PLL clock with the
exception of a single shrunk clock cycle. In this case, the period of the shrunk
clock is smaller than the shrunk clock of the TEST_CLK]1 signal. Up to time
522, the TEST_CLKS3 signal is the D3 clock signal. Instead of having a falling

edge at time 528 (which is the falling edge of the Dj clock signal), the
TEST_CLKS3 signal is controlled to have a falling edge at time 524 (3/8th of a
clock cycle earlier), which is the falling edge of the PLL clock. Instead of
having a rising edge at time 530 (which is the rising edge of the PLL clock), the
TEST_CLK3 signal is controlled to have a rising edge at time 526 (3/8th of a
clock cycle earlier), which is the rising edge of the Ds clock signal. Thereafter,
the TEST_CLKS3 signal is the Ds clock signal. As such, the period of the shrunk
clock cycle from time 522 to time 526 15 2*t. As can be seen in this example, the
clock variator circuit of the present invention has shrunk a single clock cycle by

75%.

In the exemplary embodiment shown where seven delay signals were

generated, the granularity for a shrunk (or stretched) clock cycle is 1/4 of the
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circuit for \\(,grgg)'sgg:,’a phase of a clock, conprising: a del ay gﬁé;?/gg#g%gs
. coupled to receive an input clock, and tgygenerate at |east o e ayeg

| ock f t hayyi He I % I i th t | t

cl oc rom ith .Chack; - receive the at |east one
del ayed cl ockeig‘r%aphlé' i ng;tj?aglrc%g%%%%?ﬁﬁcﬁ%%ﬁ%{23%%)18?%, t%atﬁ‘ao 8F8\t}?ecfe an out put

clock on an oulRicalishil P8lachRe SUPLIIANEARAIR: AL TRl HBF L BORIs A

within the device, said selector haviPng at one on ermn
2 6 SEP 2.002 RnepfibhRbrécddisied vERMMN S the P18k (52Shy HGe£QRE R
terminal, sai Fgontrol ci rcuﬁ to control the sgée{stcb’r o SS\AtC% ?ng out put

clock froma fHéwbyvee iA teEeMBbAMmdnahalzramastitp At ydsd RreRdd PiHe @élgﬁtbhe

input clock on a first edge for varying at |east a’phase of t'he outp

cl ock; and an thatelayotiaduingwdicle tidy murtbel sedfitient ReailMest fherpaigequt ¢l ock,
said interpolating circuit to interpolate one or nore fine tics between
phases of the Altempativelyothe iraarpqativg diecwit 3€¢ onBignue Puhayxbecked hapriase
finer granularity than the output clock. 18. The circuit of claim17
wherein said doergehnglarigyit controls the selector to provide at |east one
cl ock phase that is shrunk from other clock phases of the output clock. 19.

o provide at | cactFIBRE S URSBHES 8N CHEDITY 7 GRMAn OF BiK ENRRROTRNGE K
phases of the out cl ack. .~Jhe circuit of claim17 wherein said
control ci rcuiquBg:‘LﬁI%Oo(?@%WifzgeT}é%{rHFrﬂogﬂH?%W%t g%an’éoavé eHHEOMYBK phase
that is varie t e! s out put. cl ock, for. testing
speed pat hs cgﬁgét?%sg 15‘1\”? thﬁ? lﬁ Eeerggflazﬁ rc?{%?tgﬁlp ulﬁ%:etq%lr?g 3 Ehﬁlll{rg [15% th‘ge

device. 21. ThecLiydtlckn bkt LRI deBELA iR@Idtet iR RRLALLRG4G! ToUl t

further conprises: irst device Irst con Ivity type having a

gate coupl ed tRulthfeQat Alltht IJ¥FKHH sifhalliif Bl e tHat ERYI thore SRBbAIMARd a
source; a second device of a second cConductivity type having a gate coupl ed

to the gate ofthé hetetpolatingdeiticai, 348 riipba usaipl Rel botHedelsly gefeitod decdit 1 St
device, and a source; a first series of one or nore devices of the first
conductivity typeneadi rhaltiplgxex 338tte provide one or more varied clock phases. That
is, the interpolating circuit 340 is another embodiment of the present invention
with finer granularity. In another embodiment, the interpolating circuit 340
may be used in addition to the delay generator circuit 310 and the multiplexer
320. Referring to Figure 6A, the TEST CLOCK signal on signal line 325 is fed to
the gates of P-channel device 604 and N-channel device 606. Devices 604 and

606 act as an inverter.

When the TEST CLOCK signal is low, device 604 turns on and device
606 turns off such that the signal on signal line 612 is pulled high. On the other
hand, when the TEST CLOCK signal is high, the device 604 is turned off and
the device 606 is turned on. The timing of the signal on signal line 612 depends
on the state of the control lines DN;-DNT on signal lines 6101-6101 (where "T"
15 a positive whole number). For sake of clarity, "T" 1s chosen to be three. For
example, when the TEST CLOCK signal goes high, if only DN is high, device

6081 turns on to pull the signal on signal line 612 low (a first "tic"). If DN and
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term nal s, awggg) %gcoupl ed to the source of the first device,p@fids@ syl ce
. coupled to a Tifst power supply ternminalj;a second series of one or nore
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second power suppfy term fal; and an inverter I ncludi ng an I nput term

coupl ed to thepg, adr@%uq{lﬁhhehéﬂ B8¥ic@Blb 6ae0Rd, R theSigral dnaflgRAE 612 is
term nal having the second output clock t hereon for provi ding"the nodified
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A ?Lﬁ?tf’ﬁ'%%%@%ﬁkﬁﬁ%ﬁ S8 dsAds uged 1o vapy thedelay betwesn o o
2 cal cal cal cal galeabtel eakeah sahsrinetsal oLk Gal sgharbAalgal srbambahen]
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a] ca] ca] ca] ca] ca] ca] caJca] ca] ca] ca] ca!
1=] wr mhc”Y] ] ] cankGrligpbemd ¢l thalnaperdighdicald t(hé]lﬁ x]ucagﬁal] whbf ahe alfmalsegda] ¢
a]calca] calca]ca]calcalcalca]calcalca (K ? 9109 () S 10%c c& ()-!
109 ()- < S 1Wi@EEs(from!alfSiRig(edge Yoh(¥ing)ed depthedhtek oty eircui® %RmoHified
10%&' ()-3109%& ()- S10%& ()- “s109& ()- &ktYZ[\dE / 10 10#=10%&' ()-F:
10%&' ()- f8S 184kioWyr in Figure 6B. The embodiments shown in Figures 6A and 6B may be
combined in a single circuit to vary the delay between the output signal and
the input signal when the input signal switched either from a falling edge to a

rising edge or from a rising edge to a falling edge.

Figure 7 illustrates a timing diagram of an exemplary output clock
signal of the interpolating circuit 340 of Figure 6A. Referring to Figure 7, the
PLL clock signal and the TEST_CLKS3 signal are shown for reference purposes.
In Figure 5, the PLL clock was chosen to have a period of 8*t with "M" equal to
seven with each delayed clock being delayed by t amount from the previous
delayed clock. The TICS signal shows the available tics for the case where "T"
is chosen to be equal three For a high phase of the PLL clock, 12 tics are
available. Since the delay generator circuit 310 and multiplexer 320 in Figures 3

and 4 provide a granulanty of 1/4th of the PLL clock, there are 12/4 or three
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An exemplary test clock, TEST_CLK4 is provided on signal line 224 by

the clock variator circuit 218. Up to time 702, the TEST_CLK4 signal is the
TEST-CLKS3. Instead of having a falling edge at time 706 (which is the falling
edge of the TEST_CLKS3 signal), the TEST_CLK4 signal is controlled (e.g., by
only turning on device 6081) to have a falling edge at time 704 (one "tic"
earlier). Similarly, instead of having a rising edge at time 710 (which is the
rising edge of the TEST_CLKS3 signal), the TEST_CLK4 signal is controlled to
have a rising edge at time 708 (two "tics” earlier). As such, the shrunk clock
cycle from time 702 to time 708 has a period of 2/3*t, which is shrunk by 33%

from the shrunk clock of the TEST_CLKS3 signal.

Figure 8 illustrates an exemplary embodiment of a control circuit 800 for
controlling the control lines 330 of the multiplexer 320 of Figure 3. Referring to
Figures 3 and 8, the control circuit 800 includes a register file 810 containing Y
entries (where "Y" is a positive whole number), where each entry in the register
file 810 selects a specific clock (delayed or the original clock) to be provided on
signal line 325 by controlling the control lines 330. The control circuit 800
further includes a clock pointer 820 that can be changed to point to any entry in
the register file 810 on a phase by phase basis. Each time the clock pointer 820
changes to a new entry, the output clock is changes to a different clock to

change the frequency of at least one phase.

Referring to Figures 5 and 8, an example is provided for sake of clarity.

Initially, entries RO and R1 are loaded to select the Dy and D3 clocks

respectively. During execution, the clock pointer is set to point to entry RO

which causes the output clock to be the D4 clock. At a point where a shrunk

clock is desired (e.g., time 512), the clock pointer is incremented to point to

entry R1 and the next output clock edge is generated from D3 (time 516), which
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mechanism to load one or more entries in the register file and a state machine

to increment the clock pointer 820 at the desired time.

It is be appreciated to one skilled in the art that although the exemplary
embodiments of the present invention has been described within a
microprocessor, the present invention may be implemented in various types of
integrated circuits such as, but not limited or restricted to, a microcontroller, an
application specific integrated circuit ("ASIC"), a graphics chip, a sequential

circuit, and the like.

In addition to providing speed path debugging, the present invention
may be used to optimize the clock usage of an integrated circuit. In this
embodiment, the clock variator circuit provides the CORE CLOCK for both the
normal mode and the test mode. During normal mode, the CORE CLOCK may
be varied for certain instructions (e.g., by controlling the clock variator circuit
through microcode). For example, if an instruction exercises a functional units
(e.g., circuit) that fails with the CORE CLOCK, the CORE CLOCK can be
stretched for the clock cycles for that instruction. Conversely, if an instruction
exercises a functional unit that operates at a higher frequency than the CORE
CLOCK, the CORE CLOCK can be shrunk for the clock cycles for that
instruction. This technique allows a CORE CLOCK to be intelligently varied to
optimize the speed of the integrated circuit. A further advantage is that the

divider circuit 220 and the multiplexer 230 are not needed.

Because a varied clock can feedback to the PLL and cause it to lose its
lock, a separate feedback loop is provided for when the clock is varied. During
normal PLL operation, the actual clock spine output is fed back into the PLL to
help maintain the phase lock. Introducing a large enough shrink and/or

stretch into this network could cause the PLL to jitter or even lose lock. To
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As discussed above, the clock variator circuit of the present invention
provides the ability to change the frequency domain of a microprocessor (or
any other synchronous IC design) during the normal runtime of the chip. This

is a powerful design-for-testability feature that can be used, for example, to

"shrink” the period of a single clock, thereby stressing any functional units.

While certain exemplary embodiments have been described and shown
in the accompanying drawings, it is to be understood that such embodiments
are merely illustrative of and not restrictive on the broad invention, and that
this invention not be limited to the specific constructions and arrangements
shown and described, since various other modifications may occur to those

ordinarily skilled in the art.
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F10%& () - Z110%S84 Lideuit contained in an integrated circuit having one or more functional units, the
circuit to vary one or more phases of a clock, comprising:

a delay generator coupled to receive an input clock, and to generate at least two delayed
clocks that are delayed from the input clock and each other;

a select circuit coupled to receive the at least two delayed clocks on input terminals and
provide an output clock on an output terminal, the select circuit having at least one control
terminal;

a control circuit coupled to the at least one control terminal of the select circuit, said
control circuit to cause the select circuit to switch the output clock from a first to a second of the
least two delayed clocks on a first edge for varying a phase of the output clock; and

an interpolating circuit coupled to the output terminal, said interpolating circuit to
interpolate one or more fine tics between phases of the output clock for providing a modified
output clock to the one or more functional units, the modified output clock having a finer

granularity than the output clock.

2. The circuit of claim 1 wherein the select circuit comprises a multiplexer.

3. The circuit of claim 1 wherein the first edge is a falling edge.

4. The circuit of claim 1 wherein the first edge is a rising edge.

s. The circuit of claim 1 wherein the control circuit controls the select circuit to switch the

output clock from the first to the second of the at least two delayed clocks on the first edge for
shrinking one or more phases of the output clock for providing the output clock to the one or

more functional units.

6. The circuit of claim 1 wherein the control circuit controls the select circuit to switch the
output clock from the first to the second of the at least two delayed clocks on the first edge for
stretching one or more phases of the output clock for providing the output clock to the one or

more functional units.
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least two delayed clocks to the input clock on a second edge to provide a varied clock cycle.

8. The circuit of claim 7 wherein the first edge is a falling edge and the second edge is a

rising edge.

9. The circuit of claim 7 wherein the first edge is a rising edge and the second edge is a
falling edge.
10. The circuit of claim 1 wherein the delay generator includes:

a first delay circuit coupled to receive the input clock and provide the first delayed clock;

and

a second delay circuit coupled to receive the first delayed clock and provide the second
delayed clock.
11. The circuit of claim 1 wherein said interpolating circuit further comprises:

a first device of a first conductivity type having a gate coupled to the output terminal of
the select circuit, a drain, and a source;

a second device of a second conductivity type having a gate coupled to the gate of the
first device, a drain coupled to the drain of the first device, and a source;

a first series of one or more devices of the first conductivity type each having a gate
coupled to a respective one of a first series of one or more control terminals, a drain coupled to
the source of the first device, and a source coupled to a first power supply terminal;

a second series of one or more devices of the second conductivity type each having a gate
coupled to a respective one of a second series of one or more control terminals, a drain coupled to
the source of the second device, and a source coupled to a second power supply terminal; and

an inverter including an input terminal coupled to the drains of the first and second
devices, and an output terminal having the second output clock thereon for providing the

modified output clock.
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clocks being delayed from each other and the input clock;

selecting a first of the at least two delayed clocks as an output clock;

switching the output clock from the first to a second of the at least two delayed clocks on
a first edge for varying a phase of the output clock;

interpolating one or more fine tics between phases of the output clock to provide a second
output clock that has finer granularity than the output clock; and

providing the second output clock to one or more functional units within the device.

13. The method of claim 12 wherein providing comprises providing the output clock to one
or more functional units for testing speed paths within the functional units, said output clock

having at least a phase that is of a different duration than other phases.

14. The method of claim 12 further comprising switching the output clock from the second of
the at least two delayed clocks to the input clock on a second edge to provide a varied clock

cycle.

15. The method of claim 14 wherein switching comprises switching the output clock from
the first to the second of the at least two delayed clocks on the first edge for stretching one or

more phases of the output clock.

16. The method of claim 14 wherein switching comprises switching the output clock from
the first to the second of the at least two delayed clocks on the first edge for shrinking one or

more phases of the output clock.

17. A circuit contained in a device, the circuit for varying a phase of a clock, comprising:

a delay generator coupled to receive an input clock, and to generate at least one delayed
clock from the input clock;

a selector coupled to receive the at least one delayed clock and the input clock on input
terminals, and provide an output clock on an output terminal for coupling to one or more

functional units within the device, said selector having at least one control terminal;
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interpolate one or more fine tics between phases of the output clock and provide a second output

clock that has finer granularity than the output clock.

18. The circuit of claim 17 wherein said control circuit controls the selector to provide at

least one clock phase that is shrunk from other clock phases of the output clock.

19. The circuit of claim 17 wherein said control circuit controls the selector to provide at

least one clock phase that is stretched from other clock phases of the output clock.

20. The circuit of claim 17 wherein said control circuit controls the selector to provide at
least one clock phase that is varied from other clock phases of the output clock for testing speed

paths contained within the one or more functional units of the device.

21. The circuit of claim 17 wherein said interpolating circuit further comprises:

a first device of a first conductivity type having a gate coupled to the output terminal of
the select circuit, a drain, and a source;

a second device of a second conductivity type having a gate coupled to the gate of the
first device, a drain coupled to the drain of the first device, and a source;

a first series of one or more devices of the first conductivity type each having a gate
coupled to a respective one of a first series of one or more control terminals, a drain coupled to
the source of the first device, and a source coupled to a first power supply terminal;

a second series of one or more devices of the second conductivity type each having a gate
coupled to a respective one of a second series of one or more control terminals, a drain coupled to
the source of the second device, and a source coupled to a second power supply terminal; and

an inverter including an input terminal coupled to the drains of the first and second
devices, and an output terminal having the second output clock thereon for providing the

modified output clock.
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