;
; YWe3e[ XLb6, T9<\m\\m§mooz APPARATUS FOR MEASURI NG SKEW TI M N §ERHEEs2002
SY

« This invent\mm\ to apparatus for neasuring timng errors in a video
signal proc sten) and nore particularly for neasuring the tjnme
duration or sket?™¥t ween a 5 transition of a horizontal synchronig ‘
and a particular transition of a signal processing clock pulse. m mm’ ’"m'“m
si gnal processing apparatus which proces% signals in sanpled data [ mat
typically sanple the video signal at instants determ ned by a sanpli n’&ﬁl“

clock signal, WhiCmﬂeﬁkmaltthsmkMAS%%[NGSKEW'W@MbRSt he

hori zontal synchront zi ,5|9na S. In ? rtron, to fracill € processing of
the signal the clock si'gHal THESLITEIAES | (hARPARAWS QB MRGAWTIRG i s a

nul tiple of theimfiramomances sutlear siganl fpreqessisy . systembeantulrho e is an
even nunber, e. far 1 L gnal e WLl ,be an .integer 1 5
nunber of cy ég?glélﬁyho%rzyn%gﬁﬁingt zirlgaﬁ[.nse} f,dt"gg'fq:&)](earrs Cat ia%?{?rﬁeg‘ i%s

nai nt ai ned befiksdionhel shnfprizentel ovlochnenizieg hpilise omndl a spartisntari zi ng
signal) corraspidbAgosaMmidiid PRICASinigh cRMACPuddeve ines will be
vertically aligned. Oor\?/ersel Q 'lf this relationship.is ﬁl tered,

correspondi ng sanpl i ng idhegy $EEnAl RraCRSSHLE | RPATAINSs WHICR B9 She

vertical ly alsign®d. in fsampledadplaedosnghatypiaaldy ssample ahd pideoesigrdl bef or e
display, the fomyehdsi @dlertlihgd@MByt a OdaripliRL! Bk B4 SwhRRd debivsbRf

pi xel s) |1 be rranlées‘éwe]d I n reigroduc'gd lf/‘ ngs tiy ga{g\ged,v.ertl,cal edges.
This situdti dtFaeclrIXeniEhatansiRapI e hoEesntalyaunaTanizing, sigdd!sr om

vi deo cassettla nddniaer® Zabilnaw proessiigsofptieysignal athé thekssigmals are
processed | o SATBES U7 LA MR QAL RARIEASCH Shuf{fIEChE GUCD s 1 eeze
frame or picture-in-picture. This probliemand a corresponding solution is
di scussed i n depAINan¢e (subcapreie frequsncy, 63t dbe) maktiple d8 aPregnessi ve
Scan Display fsbem Mgt h 4Coforestan@rddigrald, NedreSkanddedaSi igegey” . However
t he appaF t us sthvn f.or clal cul athl n th(ﬂ1 satrTFI i,ng .errof. OCF sll<ew | zl .

rel atively cdhBMPEReldcy<iRy prgdipiends, Iy JE1 856 e Tiinship i

cal cul at e regpaittpinedslbstweenoths sameplingselocki andnthonherinntabes appar at us
which 3 5 neasicsosieenyg aﬁgﬂat,r%t—ﬂe@aoﬁan@% HaneiRer pOhtaNG IsacE&sibéd vely

Il nsensitive to deV|.ﬁe gar anet ?{YS .Thedsar@ | neg_ Cll ocg %lé.gna IS ﬁﬁgl.l ed to
the cascade cdMitedtifloRCot eHIGHlY, Aligngdnr CORYDECYe il this JHAMIADSIR S| ¢i ent
in nunber to dtaredi rcanespanding | sarkpling| entefhals in succEsiRO0 lidesutvplit
connectiops ofye8ehy gl %ﬁ'gﬂ)éd?' e{'ife{hie 'sim??&?'ﬁ‘?gnél‘ﬁ ﬁredf%gc?rehngh'a

term nal of a respective stor&ge el ement. I.gnal ®representative of the
horizontal syMEseeYEdzibedors glisplays thepmoad vesti€de atigamegy ef esasApking o

Si rr;JI t aneousl i@l (ah@netus lﬁifopi)?ﬂsﬁ Wﬂsnﬁftmmflsétegagg @b%ﬂifﬁe’iil hitedl, thereby
capturing a r, ept afi ve .c s i . i apa

storage el enelﬁl?{g%iDggoH%%dgﬁgﬁqaﬁr?/&é]e?_‘cggg Segﬁ{lg_u&ﬁeo‘%tu% ’aévé{egl iﬁint s for
det ecti ng t hee¥anplei veideosisiguals otre Kierivegl fromadiidep teasseite i tasosdenshe

sanpl i ng26l ocinduligeo | dI¥BApRIyRYY, RRACHE RPgndlS AfeRiproddhstd aitsisahfple@f the |
0 hori zontal pul sg Aratio i s.gal cul at edfﬁFndl cat*lve c%f t he .skew error,
which ratio cHfeiPoitste ProNidespectdnctfectssueh &y eezss f1aMs OFi n units
of del ay, di vpidedtebin-plodurhur aflihos pfobdém sadplai cgorrispoidingy isotiptiom isnit s of

del ay. discussed in detail in U.S. Patent No. 4,630,098, entitled

"Progressive Scan Display System With Correction For

30 Non-Standard Signals". However the apparatus shown for
calculating the sampling error or skew is relatively complicated,
and requires a relatively long time period to calculate respective
skew errors.

The present invention comprises apparatus which

35 measures skew as a fraction of a clock period and is relatively
insensitive to device parameters. The sampling clock signal is
applied to the cascade connection of a plurality of analog delay
elements, sufficient in number to contain one full clock cycle. The



FIGURES |, 3 and 5 are bl ock diagrans of alternative 15 enbodi nenﬂséoBE&aDUZ
‘measur i ng circuitry. FIGURE 2 is a block diagram of exenplary ci rcwtry

whi ch may be inplenmented for element 22 of the FIGURE 1 apparatus. FI GURE 4
is.a timng diagramuseful in describing 2 0 operation of the invention.

Skew as defined herein is a nmeasure of the tinme duration between a

predeterm ned transition of a predeterm ped pulse of a clock signal and a
predetermned transition of a timng datum In the exarrpl es di scussed

herein the tim m ng datum 2 5 c%frres ond to a} gnal r[J)Igresent tive of
horizontal syHEPULAPTRRENPPY AR £AD %edecfl ]ieﬁbe“c‘ nSPHPKA &%)2 e
t he hori zontadataympupulwmmﬂe:ufrabntqsptd:levq:)rsedmtger glareentt r aAskiginah of t he

clock signal ‘e daqrdeeadl 10 the aRSHLLRA Ofy ,{momznﬁg glgﬁgr BULBEIiLR! |V N

thetralllng ansition o orl zontal” sync rst 3
0 clock pul sé Fss%?g%v%lllef’}fdl‘% ‘foors”é‘uﬂ‘laﬁ‘éoﬁ*ﬁalé(su%‘éheﬁ‘tgﬂéﬂ k@ B€currence of
the trail iSng_rtelspmcsmm omcoﬁgé held’rﬁenasonttfﬂresyneflpwr‘&mg Iheé;ﬁfe@é@tatctlh%

measur ement i r pul.s related in time
such as the |dst d(ﬁ \Pﬁ‘(é @ﬁ?@éfd?g‘(&gh&cal Itllt!l ?Eofrlag lf\'{‘@ Lsf hori zont al
sync. 3 5 Refldecedingt CtréunrﬂRECﬂuPtedn@d@re smagclmlemlnapsfes detentingght to
left with respgctelafivé hﬁoilh%n@f"\ﬁﬁ\é%%’ mieadrhg Yﬁ\ﬂ@lftfbfnr Q)fdﬁh%' qh¥ g ‘sanpl e
cl ock™ is appl i eg to, an. anaeéog pB gel ay el ne. ﬁ - t box f| enent
200 repr esent Pylse BGe ey &F ﬁgobr Bé‘l':%? ale t whi ch
is serila0y lmrmzmuaqulsn it4 eaj}taoermldlellasqd ghdivatitve. oNahiznstdw ¢rner,anal og

del ay 11 ne showldh ingbudsrreu)( h@;r}%at ufd BESRIGh ' IHEQTRLr B LU, ligadi ng

transiti ons of .t ut connect i ons
respective 5 WM& &gF agfaa d¥a *‘e«e éBUﬁP@H b thestueriive %Iat:ka i nput

connecti ons oferégog| malmw otff dstagr age el ements 202. The hori zont al

synchroni zing st anal . o URIANA Helidvat ke o B S A 9T AR e EBYIC)

is coupled to control connécti ons ti Ve 'storage et enent s.
On the oddur reRbedynentse afr skeMhgmeASHANE | 6ITCBIIYO t he Hsync pul se) the

zbgnal s resntdenéI Indt P@Kﬁggq;tz ;lﬁ aa'lb%élgdf[i @mte&feeﬁérhm&? ¢ikéui ’ ay line
are captur an tched,in the respective stora ew may
be determ ned” ﬁ b SRAY i 85y ThRdegenigd é?'ér?i?‘mg b@?wé’ lg‘t‘ah G% bf the
cascade connea:ppairaiellsay 1 5 elenents and the negative going transition of

the last clock pul se OCP}GH'RrE 4b‘?§ OJ firhid H{ﬁr%h{‘%séﬁﬂ”ﬁ' thH?'t%gHsy”C-

(Notetht when coursn} roug he storage el'ements from o right,
t he Ieaderg t PRETEFONo @ ofhf{ BN ng clock pulse is inverted.) This count

corresponds to a val ue Skgwl a$ addefireeds depeia pera ededsuneisof? tile skaw in units
of det ay 1 nt ek on ToeAR T NG HUONTI IR ANLY T ReAeRRTRhE PET T O

in delay el ements and coun rn order to
nor mal i ze t hePlRewol, A §do¢lo sigpel aadt agere(ﬁlfet%rnvnséktrpesﬁw@a pﬁea dimfi’g ence

I5 stdl vi ded bYdftuﬁﬁﬁﬂretlD@r?mE plear d@@gﬁg&& l@c’tﬁ'ﬁuﬂ’eth‘éhiilimid”gf dwﬁmtl ve g}gl ng 2
ransi tion o e cl oc se before railin ransiti,on o
Hsync is /éode(f%? %qr}c%déof?oﬁlgpﬁg rﬁ@é?m ?fév%f “é@ SV A% Rgsﬁlﬂrfé al so

that the positrangtionansitheotrading heasstiondof,astgipshe phoszontal Bysel ay

Itogr IB?g\Si ‘;]r gg} gﬁ'ﬁegre?ggﬁ'r@o‘cthé hﬁreﬁ@k%ﬁghbaet‘%aﬁ‘ﬁﬁo&c lofPtles &188 | Qgnhs equal
1s the leading transition of the first clock pulse followmg the
trailing transition of the horizontal sync pulse. However such first

30 clock pulse is not available for a time measurement at the
occurrence of the trailing transition of the horizontal sync pulse.
Therefore the measurement is made with respect to a clock pulse
closely related in time such as the last clock pulse before the
trailing transition of horizontal sync.

35 Refer first to FIGURE 4. Consider that time elapses
from right to left with respect to the timing waveforms. The
waveform designated "sample clock” is applied to an analog
tapped delay line 200. Each box in element 200 represents a



|

SRew = (B-A) - A (1) in delay units, and after being normalized 1SB'DSE8NZBUZ
- BAA (2 (B-A as a decinmal equivalent of a portion of a clock period. If
the clock 3 5 signal is a square wave, it is not necessary that the del ay
i ne be | ong enough to accommbdate the positive transitions of two prior
cl ock pul ses. The clock period nmay be neasured by doubling the interval
bet ween any two consecutive transiti ons3 such as A and C. 1 8 DEC 2002 4
5 10 15 20 2 I t i i.ons i a v e rocessi ng
vi deo si gnal gfjs_%%gfﬁet ﬁgﬁrfs)o%eﬁ%\ﬁ/’%} uegg;gr?g’?i \fvg%cﬂ(;gns)l Se”f‘rjl(e% y a@e"%%éu“f rtgd?t%Hence)
in general eifjasent htelskeplemgnie. oNominabyphendntlogayelny riesshedldand t he
ot her cal cul gh@dddi keidint r dRidiRs "RASHEBEbItAtdIawd Gelilink &Fﬂ¥§;i§n§' :,st

resent invention.

mbodi ment  of k ircyit ding to. th
A clock 1 npuft SiEnatmETREe IO, Ll o PHIRL sotgetiony from (E3ReSHlS

connect i oh 1@nefogialcdyy etlemetts {kl)coupledIp. ra¥mseiveeldaya ehpoent s may be
buf fer anpl i toghschewW 1 afT PlurgBRIf® 51 drdBET A8t CARRT NEnEChEzbdiPS Of

f our nanoseconds, or .l ess. e tota e a%ht ne o he cascade_ connection is
at |east equalPErOSNENG okehRhi 89,2 Han tdﬁﬁtvaé’d’ﬁnéb?lieé’?@“of(héé&q{‘edf t he
del ay el enenttksyace ouplpkedt oor espect iinpuoreaneftienplofr td trgspttinde "D' type
latches ( 13\ ddye 20kmahe. S ahe FSXrd fo PURT d15hRS hORbrObccont ol
i nput connect] 0h8% of TRl of e latches 20, and on e ﬁef evant” transition
of the HsQnc the gHaynq apulsenshe oyignalsnaesident inhthe gesprssiveo asekage t he

si gnal val uegleghidieinRetaloft fige QHIRYLiROMGGtarensapfurédeanEIRRMHedven del ay
el ements 10. | ur al Igggt es 30 are coupled to successive pairs of
r

p ity of AN

| at ches. Eacﬁﬁ\ifosé)a?fztw as Qs eﬁnﬁﬂ " connection coupled to the Q output
of a first latch and aSkesonmaynpat dewnmésed oby coupiting tthet dela® out put of
the next successeNR !Rt&Ben The: ANPuBAEIhET Baddae BbhAGGEd @814y ansition
detectors, for detecti Hg neg}atl v.e goi rh}%transul onf gl ﬁi }fge eadi ng or
posi ti vel doi FEMFANsARAHE diesaH¥ecBBHIR Jransadon, of dhe fast (Rdopk RWEE ™ The
out put term macarrifg teford\Dhgatraslidg @arsitionpbédHsgne.espNote \that mhen
connecti ons : r r T egfl.ver gut put.. gan tions of
t he AND gat eg"é‘g“ggswa’?’?gﬁcgﬁ%s‘e‘ﬁ?igé ?ﬁ%@? ﬁﬁe?%déa}éyo% g}ﬁqghggﬁe. "dai sy
chai n" of ORlggdiag wanaitipn fpéhs jspaplingitcloek npulsesisofinverseddndhisl ural ity
of twoi nput ANungadsePondSUtdUd _maae&?mnso fsenshhgpldapéniod hnlimuar e
coupl ed ;8 thEFsecond d np(%ft tg{m.n%l S the respective AND gat &4 50.
Initially a1t We"Al\B“é%t sd§ Yar8 cﬁ'g bl e Obgetf uzfaisgﬁwc BT or gat es.
The one of tiealANDegaurss BGamplehperpdein delayaekiménts andsthen to the input
of the del ay dibfacf hbossit Waldde Famlff ihherddrGERorntiIPld efe 3Keagi ¢ one
value to the ate coulple t eretog |ch.|3 H_lurrc‘s.ﬁauses a l.ogi.c.one to
be applied td&y4d to a percentage of a Clock period the difference is divided

by a sample period. For example assume that the positive going

25 ransition of the last clock pulse before the trailing transition of

Hsync is A delay periods from the beginning of the delay line.

Assume also that the positive transition of the second lastmost

pulse is B delay periods from the beginning of the delay line. A

clock pulse period is equal to B-A in delay periods. Skew on the

30 other hand is

Skew = (B-A) - A (1)
in delay units, and after being normalized is:
_(B-A)-A
Skew =" 5 4 2

as a decimal equivalent of a portion of a clock period. If the clock
35 signal is a square wave, it is not necessary that the delay line be
long enough to accommodate the positive transitions of two prior
clock pulses. The clock period may be measured by doubling the
interval between any two consecutive transitions, such as A and C.
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1*8 DEC 2002 5 successive OR gates. The OR gates exhibiting | ogi c1 CQNDEC 2002
. values enable the AND gates (of plurality 50) respectively coupled thereto
to pass logic values coupled fromthe plurality of AND gates 30. Qut put
connections of the AND gates 50 are coupled to the Skew generator 22. Any
one of the respective AND gates 30 nmay detect a transition, and at | east
two of the AND gates 30 will concurren4tly detect such transitions. Al such
detections are coupled directly to the generator 22. Responsive to these
det ecti ons tHe rgesterappbcatigns Ginget @rikevesvalne fwosproazssofy tvided eadi ng

Lransition ofighlf | B8in theckkdW! s£1uBCLRYCI NEoRPRIAERN GFe Ofeciltibe (e O-

val ue A of eguation 1 ‘)s“ Tre.AND g‘{%t e[s( 50 bfi n% enabl ed/ di sa

dai sy chain BFTeR dAteafp| 1e1dgs sThen skewt &atYeo R sitynstBPiGsAtaMaYhihe t he
AND gat e 30 wmitiashredetamcht she hetltaranaldulatredcldosesty tfhemi npet nefastiedl 1 5 del ay
l'ine, RegponghMg.to the logic |evels provided by the second plurality of
AND gates 50 the generator 22 determnes the |ocation of the | eading
transition of the secohtiVEd rfoshowsor Kigst embediment ofayskewof equati on

1|). k01ce|therrfeak@rtihgeci|r0@ﬂt hevurdifg ttbetlee ettt irpRationONSAOElo¢k0 the two
Cl OCK pul ses:

r m ned Skew, generat or. 22 | gu] at es _t he, skew val ue
accordi ng tomf,b Saﬂ_’gh%{ fu@fecﬁ orSkgy{aﬁf)rIoé? th‘éo‘gélﬁgréﬂ& Cﬁﬁcarg&y be a nenory
programmed atomrttions 100ohtdaay elentendkdWlvaldied3kor Thegomigia to the
approprijal € eRMYMSL iy He VAIFHES aniiRliflictsO AYURES ToPUSERAPIY, A&he Note
however, that if 2 5 tdhg‘re are 29 fiel ay stages), then in t E FIl GURE 1
exanpl e t her BTRGEF NG (46 YadidRes O 191 P%ﬁe&oﬂ S Odsry bEe 2268 st or age
| ocati ons. Hielmyetinichexfetheacnastadeecdieaidnf és eatt leastrigignal itonsnofclbdgi ¢
val ues gener on | ' Bj | y for
decodi ng theaéﬁgexi v;ﬁtﬂt}g Oi gp%ggéﬁﬁfceﬁ%r&te%rﬁﬁ%a‘g?%ét ica,ﬁa,@ (L)é‘i eggﬁegg%at t he
Ai address | fRERleAntq JBEPSFEVEC PPEh Aff 2t Plmality ¢Rsof oDhdype tlatches k3. and
second dlockipuldgs pThersigmalt H¥ent Os dhisled stoafhe theeki bf aomiol cimpaeeded to

| | at [ ti t t b L d
coreu et ol g AR Ll o e 28, O SR AR e
However thi sOB thejHsyng |signalt (a4 tigley tpk aeenditions othgt jasphese dausterafthe he

limted nunbgipnal vauks étavieacqbimat bafsutt RBhnESo®C GBI 1RO feifeil €ss
i nput |ines. bEC 200 6 FIGURE 2 illustrates a nore parts efficient

1S
approach to 9¢@¥eflg@eaSttY 22. I'n FIGURE 2, the output values Ai from the
AND gat @0 30 are coupl &d pluratity i ofstANBcgdtas 80) amndoupledotn puccessives Bi

fromthe ANDpg@tess PlchREE CRM SINDP g2t 468 8¢ QB connection
coupled to the Q output of a first latch and a second input
connection coupled to the Q output of the next successive latch.

The AND gates are thus arranged as transition detectors, for
25 detecting negative going transitions (i.e. the leading or positive
going transitions of the clock pulses stored in the latches.

The output terminals of the AND gates 30 are coupled
to respective input connections of a SKEW generator 22. The
respective output connections of the AND gates 30 are also

30 coupled to input terminals of an enable "daisy chain" of OR gates
40 and respective input terminals of a second plurality of two-
input AND gates 50. Output connections from the daisy chain are
coupled to the second input terminals of the respective AND gates
50. Initially all the AND gates 50 are disabled by the daisy chain

35 of OR gates. The one of the AND gates 30 which detects a
transition closest to the input of the delay line ( closest to the top
of the FIGURE), applies a logic one value to the OR gate coupled
thereto, which in turn causes a logic one to be applied to all



5.60. The logic in the first and second decoders may be sinilar th& BEC 2002
. logic utilized in flash analog to digital decoders which assign nut'ually
exclusive values to the one of a plurality of hierarchically arranged |ogic
out put’s exhibiting a state different fromthe others. In this instance the
mutual |y excl usive values 10 correspond to the location (count) of the
detected transition in delay units. Decbders 61 and 60 provi de the values A
and B as they relate to equations 1 and 2. The values A and B from decoders

61 and 60 ar g,&QYph@dOR0 Hﬁ?e%pecme/@n &s %Q'ﬂﬂﬁﬁtngoﬂfgl@forﬁ SeRfesact er which

1 5 generates t e of t .fTerence | The difference and
the val ue A SF‘%hl@ qugeéi g2tas ioheP! ”68 ‘Whl é%ﬁ?&céft"ég' t9PuPiRbL i ent

A/l A-Bl . Thi shayaat itenpasss legipl valades occm;ﬂeldbtfrrant itbey muraityt o6GAND ch
generates oubpil ¥8! USurgdr Bhhéeibiy ofhinEhaXEbUSRLar) Gaui dRal ho the
at these va

skew val ues uation Not e t jes Gre Fealized in
fracti ons of B¢ W e SENHFAOHA4-0d, with the resol ution determ ned by the

gll:nber ?)f del ay el err?nt/xshyu@ﬁd t of Itl@eihbi}?eol&lwfeOM’UDdght@y 36 rfiﬂy‘ d‘dt@@tkaC%C' e.
ew val ues t he usefu rt plicatio ut in
general may grfan%{rﬁ@ac%%fgéén%a‘(egggtt@r ﬁl %Nﬁplg?%y?{gcgaﬁn%oqc#g dﬁfyput of
the 2 5 subt datecit osHadi rteansitigss. IAllsH@thdb@Cappse@leapedpkddatdlr@ﬂlyotothe

el enents of ﬁh&lg%l%&nmm@e REGHRVd %Otl?es%' ae{e%ura)rneca?é'g&e@dt%wm such

as a stat chine. RE 3. jll'ustrat further, exa th |nvent|on
3% 0 i ar0; nOFthaBngs (G aacaien Ot doafinaetEBicn Wkt B da¥afickng ¢l ook
si gnal subj eptlgeo bskaw Elrer mxcsurrsna:pmf ¢dynthe.gevphnt iA eoft agsatbdén tHe del ay

line 100 are coupled t ar, el p :
parall el -i npugaserl ab g&? tﬁ%g gfa’tt& s %thecédza%m‘%{a Sa%l?d ?glhgt%?ls%z has

re
a JAMinput €83 &4 P8 EaEsHY Hopasss @f%cu%{h&l& bcfﬁ%'i“vé ut e
appropri ate tAMNDsigatorB(ofwhibh disyens shgneadgsiliondsloses e rimpiit ofnghent s of

the del gysl i H‘Fl%{zq’ldcm ORE%foxﬁWJ ttorﬁﬁ':' ?{)@% gegl%'kﬁ\@frbg dcldogg pﬂ: %E%@g shift

regi ster, | I'ed ck input
t er mi nal of pllmluymt U@ gattﬁs; ithe geperater 22 d@éfrmamrcy te€ad the data

stored in theodREMIAT theThgad?ﬂn@C'Era%'sﬂftﬂi ofPd @EchbAd t1astreitl EldcRgi ster is
al so applied tgs a, bi nar%lblﬁog r 10 ; h counts cl ock pul ses. Count
fulrey 5

val ues provi etghe plied to the data input 5
terminals of a first Dn‘b‘éPBie Ixaiaihvelﬂacaﬂ'cbus @ft the leddingetraasitions03f i s

coupl ed 19 ”Bfr‘sd@&@ éhl'BEHt p8f5e§ §f‘d§1Q{HierrﬁlnEﬁP'§kehﬂt err gzo%lcﬁiat%’””o'

input termn 'P%é tches are gou to a trans
det ector 103! “tr"é'lll‘é‘? tqcﬁﬁ“ﬂéﬁetﬁ &Austen; § ek 2ndakicxamples h ata r ead
out of the rggnstzﬂorlm may thee af mahooy:cpnrdgeamnm dt0 addtesandoddtions

ot of "the o, W, FaeI0 chERSEORARE 86, It on@mé*‘g?"ceﬁﬁﬁ‘eﬁ'cﬁ’?‘?leﬁ[ ead
count val ue &RHIESi iRHH{O taddressuusses16d. aqql] olete \hawrvesothas onds to
the val BSA aBerdehin® telayequaidsonted ior the mwnﬁ deapaipte heicendf of a

15 transition cqorrespondi.ng to the | eading tran | ing cl ock
signal read (B’Gt ﬂgf ‘ﬂ"@s? b‘lgesst é‘r“Plb‘é‘ I"‘afn(?ﬂmf(%o?s co?qt&f%%ngcffa?{)g)“sst ore the
count val ue Aawever theret kanhat de 249, diffierenat ecombimatiansc ofidiagioned t o
store the curf@ils g8 Haty&'dtﬁtﬁéha@léa%ﬂeést 1&4&@ Ryt 4 mf tmsc%m%er 105.

This latter count ue ,corr.esponds 2 the val y as defined

equations 1 dpemoryrpfory deceding they Sﬂﬁ%‘t Hellﬁ Pﬁémg%ﬁ bwtsneh Practicalog are
coupl ed 30 a Rstlatlulthid nige CAi caddredddingsi driclgdeedeteetion skavansdfionrs docor di ng

Eg equation AR heX AR Gnd TSMoREABRICKS plilseySpriat 48 tithe bR lis3al ended
the information needed to calculate either equation 1 or 2, thus
the generator 22 may be realized with a memory having 20
address input lines and only 220 address locations. However this
35 is still not a very practical solution because of the limited number
of valid input combinations that can occur on the address input
lines.
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- different ones of the sanpling clock transitions captured in the storage

el enents (registers) and arrive at simlar results. Wl fgang Gollinger

etal. in U S Patent No. 4,489,342 have denonstrated a nethod for biasing a
cascade connection of 3 0 analog delay devices (e.g., 100) to exhibit a
total delay exactly equal to one period of a clock signal applied thereto.
Knowi ng the nunber of anal og delay stages utilized in_the cascade
connection it is only FHe E@gﬁa HigsKatay aheargceditheifialensf apmeaer dasiti on

gg 2; heTﬁarrFl ?nﬂcdﬂ' esatf@aaml cam ;memma nhehétcﬁgp@evql@@em/&:ﬁé%otﬁ f tSh
eto el ay stages corresponds sune t ha is
nunber equal ﬁ‘ﬂ% Bc%rﬁ 883‘?1«5 ‘éat a«;ggd? Slt] b"i“td B WPHunber . The
| ocation) A, VélfuetShBl |fe@m thae tAHﬁklgtaitQﬁn 56f archeospled tg stowid slegodér can
Consi der 110 e 1 9100t ng Cond L Lone Re o resr Lyl e, ek DT ol
nodi fi ed, as g}‘FO\mg’ic 1'(%§E”‘5) B épf‘]rﬂgné?l §“|aiat<£°«y?0§e@ éYCf{HJ ub$t8h ut i ng
the cal cul at orut@ OBy we xdlusi vei Nphmsptcephegoaennfd ar phdabity yofrenory 5 (ROM,
120) havi ng r S o] 0
pr ogr ammred vmﬁt rXré‘fﬁ@W %F&%n'g?&dck@@ oug‘i’\ﬁg Pﬂhﬁagn% %?;h? gﬁfé‘%nstages in
t he cascade E@ﬁ%eﬁﬁed’t'ﬁféﬂsay n {BIS ARHa0EE ctlhel nuyalleexelysiye Ielueﬁ t he
present lexanpbeksposd tioe thal WweatibnC oddarpost the d@t&@&@t it st eases. The

| at ch 107 ca re vaI e.Qt_the n nsj ti of the
captured cl o ﬁ EHQP i’aﬂc"@%ﬁ] # 6@0‘?}& Q/ealﬁ fg %ﬂ %nafo t he ROM
120. Responsilhﬁé’ tfél&thet(h@aﬂléslgns'al uaan e ROM out puts a skew val ue. (Note)

el ements in Fi GURE 5 dembgoaxtu@@l w hﬁdtBefr%WQid&%H@%r $1agné! gyepgs in FI GURE
3are5|mlara tthattedelay

li ne 100 of §°| ECS@FC{IHE f‘}ﬂz}g Fﬂﬂ?e(f%o%ﬁ r‘%fn@e&"g AL W ¢ ot al
del ay edual gneelsaa(tmlthngmﬂgmludpepfodle)r Alifferedmer (BiApl i fliheatdifferenceol ves

reversing theg,gi fRCt Al Waﬁret |88u Regl' ?665 di%%ddrS 65€ é&&’tger{?fratwethe

transition detector ‘%ﬁg E\ gﬁl he opposite en e register 102,
as 2 0 indi c4BeHeRy -Bhshd &g |CH@@2‘2) 18¢ I@}Bpllééafq én SpbHARtOY $iiRlit of t he
| eading t ][ angbt wdrichf gehaa]g@qotdmpdt sailed nd - cAgik- ng s¢hivh| valkgyahre he i
measure of sk n.Unit s a i Se V. vi di ng
t he count by ﬁ?ﬁ‘)ale#{h:tés l:lh(félis gﬁ—'&@w@@%ﬁoﬁ% eN§Pr%Tg§A ﬁggs% %\%/I ve
addr ess 2 @cavrbies are Healizggd Ansfragtigas @ﬁq@alsamlwcmockhleermOmwmbe of

Fi |GUR|E t1 Id s P%ﬁi‘lﬁﬁbﬁddbfhrﬂﬂﬂbdcﬁyl ens rY&hﬁbErt&e&H M@hﬁ@ltﬂ“ﬁkdbﬁg 4 ment
cal evated iDL 3, B RN YOS RloSk S TSk Rl N RERCY TS
critical, simay triodsbeenteful rfont cergaine applipations,i bet lies genenapl mant bel
har dwar e. transformed to other forms simply by scaling the output of the
25 subtraction circuit 66.
It should be appreciated that all of the elements of
FIGURE 2 may be subsumed into a single processing element such
as a state machine.
FIGURE 3 illustrates a further example of the invention
30 which includes a tapped analog' delay line 100 to which a
sampling clock signal subject to skew errors is applied. The
respective taps of the delay line 100 are coupled to parallel input
connections of a parallel-input-serial-output shift register 102.
The shift register 102 has a JAM input coupled to the Hsync
35 signal, and responsive to the appropriate transition of the Hsync
signal, loads the current contents of the delay line 100 into the
shift register 102. After loading of the shift register, a clocking
signal is applied via an AND gate 104 to a clock input terminal of
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1'8 dEC 2002 9 Clainms: 1. Apparatus for neasuring skew between a‘| BIDEC 20[]2
- predetermned transition of a clock signal and a predeterm ned transition
of a further signal, conprising: a source of said clock signal, and a
source of said further signal; characterized by: an anal og delay line,
coupled to said source of clock signal, and having a plurality of taps for
providing a plurality of delayed replichs of said clock signal delayed by
substantially equal increnents; neans, responsive to said predeterm ned
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Feaponsi ve ¢ 5N BEA o Por WenerdEinip CanheeRimeb e $8ntr Ee 2ai d
skew val ue as eofiplrdt tootheofasainputoefani weoddvilieBYBE "t haectpd O8od Ghbclone
cycle of sai gr Alodflol Singif!erlinal 0orARAM B Yy BEY 1hRIED drB LB 2of HT Eher
characterized in that said s f eterm.ning the tiLon of sald
pr edet er ni netapFIRG degertsr T@?d cﬁf}@& t@'&h‘é?“i‘g%qeﬁﬂgs?ﬁéah% TeHPOHBRS ur i ng
said period td thei dsaofeadebay.of4theThegisppal@2.us Cretthé ofitsh dduttenics 3f
exchi bi t 4o at Lol EnoERh e OPEuSHE (e eglindl GRS DL 10 ePed
| at ches havi p@mplisgeckacie sigaxad neaguest fsihecregistey, dbeplageh t1®7c o r espondi ng
ordinal l'y nugbgdRbrie@eso 0ftosdi thet @Reren@NodlRY vAld QSMEETted Sb P UiRUT
termnals coupled t ecqding neans,, said decodin ans .proyi di ng val ues
i cati ng L HBUTEF of0 e ROt orataf rzebeans B TBaT tBP cteder i nod
transitions defingd Die€C @poRians &f osdi.d @hodke s¢gmal ocandesed cafl ati ng neans
\r/glsﬁgnSilvf t Raf@itfhny & deSspdidifgt id'qns N hdiRg AraRSitidl SeRRE %éﬂﬁliﬁgi d skew
' clock signal read out of the register 102, latch 108 is conditioned
to store the count value A stored in the latch 107, and latch 107 is
conditioned to store the current count value exhibited at the
output of the counter 105. This latter count value corresponds to
20 the value B as defined for equations 1 or 2. The values A and B
stored in the latches 107 and 108 are coupled to a calculating
circuit 106 which generates a skew value according to equation 2
for example.
The examples illustrated in FIGURES 1-3 tended to
25 apply similar algorithms for calculating skew values. One may use
different ones of the sampling clock transitions captured in the
storage elements (registers) and arrive at similar results.
Wolfgang Gollinger etal. in U.S. Patent No. 4,489,342
have demonstrated a method for biasing a cascade connection of
30 analog delay devices (e.g., 100) to exhibit a total delay exactly
equal to one period of a clock signal applied thereto. Knowing the
number of analog delay stages utilized in the cascade connection it
is only necessary to know the location (A) of one transition of the
sampling clock signal captured in the storage elements (20 or
35 102). The total number of delay stages corresponds to B-A.
Assume that this number equals 16, which can be represented by
a four-bit binary number. The location, A, of the leading
transition of the sampling clock signal can therefore be



5. The apparatus set forth in claim4 further characterized in hat[]ﬁ@oﬂﬂﬂz
- decoding neans is arranged to provide a first value, A indi catl ng said

| ocation of said predeterm ned transition of said clock signal, and a
second value B indicating the location in delay units of a second
transition) and said cal cul ati ng neans generates said skew val ue as a
function of A divided by the differenceé between A and B. 6. The appar at us
set forth in claim1 further characterized in that said nmeans for
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& ()-1!@d* 19@@11@Up§m w cre the skew value must e calculated within a
minimum number of clock sample periods. The embodiments of
FIGURES 3 or 5 are preferred if the skew calculation time is not
30 critical, since these embodiments generally utilize less complicated

hardware.
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gnal, ‘and having a plurality of taps for providing a plurality of
delayed replicas of said clock signal delayed by substantially
equal increments;
means, responsive to said predetermined transition of
said further signal, for simultaneously storing signal exhibited at
each of said taps;
means, coupled to said means for storing, for
determining the location, in units of delay,of said predetermined
transition of said clock signal in said means for storing; and
means, responsive to said location, for generating said
skew value.

2. The apparatus set forth in claim 1 further
characterized in that said means, responsive to said location, for
generating said skew value, generates said skew value as a
function of said location divided by the period of one cycle of said
clock signal.

3. The apparatus set forth in claim 2 further
characterized in that said means for determining the location of
said predetermined transition of said clock signal includes means
for measuring said period in units of delay.

4. The apparatus set forth in claim 2 further
characterized in that said means for simultaneously storing signal
exhibited at each of said taps includes a plurality of ordinally
numbered latches having respective data inputs respectively
coupled to corresponding ordinally numbered ones of said taps,
and having respective output terminals coupled to decoding
means, said decoding means providing values indicating the
relative location of at least one of said predetermined transitions
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transition of said clock signal, and a second value B indicating the
location in delay units of a second transition, and said calculating
means generates said skew value as a function of A divided by
the difference between A and B.

6. The apparatus set forth in claim 1 further
characterized in that said means for simultaneously storing signal
exhibited at each of said taps includes a parallel-input-serial-
output shift register, having parallel input terminals coupled to
respective ones of said taps, having an output terminal coupled to
a transition detector, and having a control input terminal coupled
to said source of said further signal for parallel loading said shift
register responsive to said predetermined transition of said
further signal.

7. The apparatus set forth in claim 6 further
characterized in that said means for determining the location, in
units of delay, of said predetermined transition of said clock signal
includes;

means for applying a clocking signal to said shift
register for serially reading data out of said shift register to said
transition detector;

counting means for counting pulses of said clocking
signal applied to said shift register, and providing respective
count values;

latch means, responsive to said transition detector for
storing said count value.

8. The apparatus set forth in claim 7 further
characterized by means responsive to count values stored in said
latch means for providing said skew value as a function of a count
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9. The apparatus set forth in claim 7 further
characterized in that said latch means includes means for storing a
first value, A, corresponding to the location in said shift register of
a first transition of said clock signal, and a second count value, B,
corresponding to the location in said shift register of a second
transition of said clock signal; and
said means for generating said skew value, generates
such value as a function of A/(B -A).

10. The apparatus set forth in claim 7 further
characterized by a memory having an address input port coupled
to said latch for applying said count values as memory addresses,
and having respective address locations programmed with said
skew values.



