; e3eKK~~t XdN6T nQ 12 April 2003 PRECI SI ON, H GH SPEED DELAY SYSTEM FOR
PROVI DI NG DELAYED CLOCK EDGES W TH NEW DELAY VALUES EVERY CLOCK PERI OD 5
FI ELD OF THE | NVENTI ON The. present invention relates to an apparatus and
et hod for providing del ayed cl ock edges with new del ay val | ock
period for use in |oading delay data. BACKGROUND OF THE IN\KI%‘%&IBZL%O:;
Timng on the fly (TOF) solutions have usgd del ay update schenes that
feature the following. One feature involves initiating output enable in a
system cl ock domain. This feature allows for sinple conmmunication between a
core integrated circuit (IC% and a correspondi ng delay |ine control

section, where new del RREGIHON, HIﬁHe%PE P DBEAY,SYISAEMEFORhe " of f - edge”
of the i nput to the delay lines. Although a workable solution, inportant 15

processing time is consqﬂmlvim@fm:tqufmmeﬁcm;mm%vtma' | ow the new
data to be | oaded. In conventional TOF systens, no provisi ons exi st for

of the restrictive cor dETbBEbYY M EBSEERRHETOERAERIOR "cover ey
restricts the use of techniques to bl ank reprogranm ng transients when

del ay %al ues are changed every input clock cycle. 20 TOF systens have al so
featured using tw ce the nunber of delay |lines so that one 12 April

2003 2 opeggpine ot @*Qvglpqmver i s being reprogrammed. However, it

requires a cf’tl on i nes, which increases the TOF conpl exi ty and I C

chi p space. di n need, exi sts for |npr in providi

del ayed cl ock %8?1@3%@ ‘ieﬁ% S&S&Pﬁ‘apﬁé uaﬁ‘n &ieéhO%f%mt% d?]IIaIE%

| NVENTI ON A ci rcui t consistent with the present invention provides split
fine and mmgebewmynewrﬂefaylvabfesﬁeetrayldcﬁrpeéodcﬁmr ussen ondingpdtlayglatel ay dat a.
It includes a fine delay, controlled by a

BACKGROUND OF THE INVENTION

10 . Timing on the fly (TOF) solutions have used delay update schemes that feature the
\

following. One feature involves initiating output enable in a system clock domain. This
feature allows for simple communication between a core integrated circuit (IC) and a
corresponding delay line control section, where new delay data is loaded into delay lines on
the "off-edge” of the input to the delay lines. Although a workable solution, important

15  processing time is consumed for the "off edge” to arrive to allow the new data to be loaded.

In conventional TOF systems, no provisions exist for "blanking out" transients

caused by reprogramming the delay lines. Tﬁe use of the restrictive core clock domain

control identified above, severely restricts the use of techniques to blank reprogramming

transients when delay values are changed every input clock cycle.

(&)
o

TOF systems have also featured using twice the number of delay lines so that one

delay line is used every other cycle. This methodology allows one delay line to be
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fine delay line, receiving a clock signal and outputting a fine delay
signal. A coarse delay, 10 ~ controlled by a coarse delay line, receives
the fine delay signal and outputs a coarse delay signal. Gating |logic

Fecei ves the coarse delay signal and outputs a gated del ay ?29&€hl§9
Ioadlng del ay data. A polarity blanking delay circuit consisten

present invention provides for blanking transients for use in |oading delay
data. It includes a delay, controlled by a delay 15 line, receiving a clock
signal and outputting a first delay signal. A Latch) clocked by the first
del ay signal, receives a particular input signal and outputs a second del ay

si gnal . Aoele@ﬂbnﬂgvlﬁlertﬁelbthef aarinegpidieaiinee K Haivaad, itraghifesc@nitidphl a%'l%na! )
and it outputs a bI anking sisal to a cont r ol i nput of the latch for ein

bl anki ng anS|e ts in.t S| A circuit consistent with

t he prese }H(SFFaE) gg?ggf pﬁ%‘{ﬂé' ngqga%?% 'of 20 transients for use
during Ioadlng of del ay data. |ncludes a fine delay receiving a clock
signal and out pAdcoidimgly, Fnesd emSISafyur gnppediements coproyiding Helpyeddotk edgeefbrby a
coarse delay line, receives the fine delay signal and outputs a coarse

del ay i gﬁs"émléadxﬁ‘éﬂéﬂwaﬁtﬁ(:ked by the L 12 April 2003 coarse del ay
signal, receives particul ar input signal and outputs a del ayed cl ock

si gnal s a control signal and outputs an
adj ustablgbm{ﬁxgsfﬁrﬁ?mfﬁfﬁﬁtrol termnal of the latch For use in
bl anking transients in the del ayed clock signal. 5 BRI EF DESCRI PTION OF THE

DRAW NGS The. adcarmitrepnsigtent wikh thgpreseat Inrvcntnqmpramgs splitfint andreetist deley a
part of this speC| fication and, together with the description, explai f the

advant 396G élﬂflxﬁ’ései%r fée f&xh@adﬁ%@ﬂhﬁz aita ttﬂnélb@esdi AME ALy, cgh&%oueh :

di agram m ng gener at or is ati m ng |agramfor

the timng g tor sharn i f a conventlonal
tl ock delfg‘}e&qg}f i r?_qegmdaf:gocgskglnﬁlll g %?%PQ#@F%FE& SEN3E kA SRS 9%t em
shown in FIG 2; FIG 5 is a diagramof an inproved clock delay system
FIG 10 i scomtrolled by adoarge deny tine, rbeeids bk fide delyy signtlemdsiutputs & vodtiddeldy, | S
FIG 7 Is a diagramof a polarity blanking circuit;

signal. Gating logic receives the coarse delay signal and outputs a gated delay signal for

loading delay data.
A polarity blanking delay circuit consistent with the present invention provides for
blanking transients for use in loading delay data. It includes a delay, controlled by a delay
15 line, receiving a clock signal and outputting a first delay signal. A latch, clocked by the first
delay signal, receives a particular input signal and outputs a second delay signal. A blanking
circuit receives the clock signal and a control signal, and it outputs a blanking signal to a
control input of the latch for use in blanking transients in the first delay signal.
A circuit consistent with the present invention provides adjustable blanking of
20 transients for use during loading of delay data. It includes a fine delay receiving a clock
signal and outputting a fine delay signal. A coarse delay, controlled by a coarse delay line,

receives the fine delay signal and outputs a coarse delay signal. A latch, clocked by the



FIG 8 is atimng diagramfor self blanking; FIG 9 is a timng diagram
Tor polarity blanking; FIG 10 is a diagramof a blank circuit for the
polarity blanking circuit shown in FIG 7; 20 FIG 11 is a diagramof a
-.conventional coarse delay circuit; FIG 12 is atimng dia : e
coarse delay circuit showmn in FIG 11; 12 April 2003 4 F?%%@O?Qség

-di agram of an i nproved coarse delay circuit including a bl anking generator;
"FIG 14 is a timng diagramfor the coarke delay circuit showmn in FIG 13;
5 FIG 1 ~is a diagramof the bl anking generator shown in FIG 13; and
FIG 16 is a timng diagramfor the blanking generator shown in FIG 1 ~.

DETAI LED, DESCRL PT]. Vi . t.ion consjistent with the present

i nvent i oﬁ?ag%l(@égy %l%l%?%%ﬁe %/Bﬁitlll-‘ﬁ;{ gﬁigﬁgna? aﬁg O&@“&ﬁ? g‘?‘é&eﬁil?@ signal. A

i mpl ementing a high speed reprogramuable delay line for IC tester or other
appl i cathlamgng gpndTaton eecErs esruirelgngnal apd ewtpatsiangdfisitabje blanking sighel thay
paraneter being delayed is a single edge, either rising or falling, often

ref er r eqohfrobferiltifal 08 &ledanh BHGR in Eidlﬁzﬂdigﬁafﬁ%ﬁ@initﬁb &agyelﬁ%ﬁgri]&ﬁaiﬁn uses

first-in-first-out nmenory circuits (FIFGs) to control delay es in

mul t Lpl i i i restrictions by allow ng

nmul t#pl ég@g@%eﬁgigoﬁob?ﬁ#%%fggga ngle 1C chip without regard to
clock signal skew issues. Updated delay data is reprogramed into the del ay
| i nes as soonlhkesacchmpangyhgdrawinghare asdorporatad ipand constitute dghamywfhine, whi ch
saves tinme when operating at higher frequencies. The use of independently
bl anked gfd a ' i RbRi So ; a
R R e A LR L A
preci si or{/ Ei gh 2 s‘ﬁeed c,del ay line to be updated every clock cycle w thout
the exi SVSRHEM I g AeVRSFay edges. Referring to FIG 1, a tim ng generator
1 d) inplementing a TOF geperation circuit, includes two separately

control | ed fiFle. hiva dizgrame ofla TAFstimng/gsneratas; an out put gating circuit.

10 " FIG. 2 is a timing diagram for the timing generator shown in FIG. 1;
FIG. 3 is a diagram of a conventional clock delay system;
FIG. 4 is a timing diagram for the clock delay system shown in FIG. 2;
FIG. 5 is a diagram of an improved clock delay system;
FIG. 6 is a timing diagram for the clock delay system shown in FIG. §;
15 FIG. 7 is a diagram of a polarity blanking circuit;
FIG. 8 is a timing diagram for self blanking;
FIG. 9 is a timing diagram for polarity blanking;
FIG. 10 is a diagram of a blank circuit for the polarity blanking circuit shown in
FIG. 7;
20 FIG. 11 is a diagram of a conventional coarse delay circuit;

FIG. 12 is a timing diagram for the coarse delay circuit shown in FIG. 11;



12 April 2003 5 The fine and coarse del ays operate on the rising edge (the
"gol den" edge). Al three sections of TOF circuit 10 conmunicate to a core
digital domain via FIFGs. Art input nmaster clock (ivlICLK) of period "T" is
“of the sane origin and frequency (11T) as the core 5 cl ock,&bét F% b known
phase wth respect to the core clock. The fine and coarse J 9“ 2R
conbine to create a marimumdelay of T/2 with an additional TI2 delay
‘created by changing the input phase via an exclusive-OR gate. The del ay
.I'ine operates continuously every cl ock iycl e, but will only output a

del ayed edge when the output gating circuit is enabled. In this way, the
delay line is able to delay an edge for "NI" clock cycles plus a 10 ~
fractional d e 4 gf i , e x5 Pl o
addi tion, th?lgtlgﬁaglaa iarqgofsétﬁagﬂéprg?ée%g% g Ia-c'?_egl-{} aﬁ&ﬁgag%gmﬁ-r%ﬁ#?ﬂf% cl ock
cycle of interest arrives, in particular, the clock cycle where an out put
edj e oc@ERFY9R signal TG OUT. Referring to both FIG 1, timing generator
10, and FIG 2, the timng generator timng diagranm the follow ng

descri bes t héFIGpé4 &td thmingf diggramnigr dermeame delag@irchshewn ¢ Bk 185 MCLK is the
reference clack for the timng generator outgut (TG QUT). This clack has a

S0%gluty cyclitg. [95s d dibstitd Hih Bla g Sfidtatol o wh BEKIG S3PRAKeEN TNt 0 oyc] es

30, 31, 32) an 3inthe timng dia e "up arrows” in cycles 30-33
denot e t hat f put del is based.on.the rising edge of |vi CLK. Cycle
33 delay is Efg‘gegélﬁﬁ %m@gfdi¥$?fﬁégéﬁlﬁg’l%’#‘4ﬁ%e%%r Shawa BEIGdM i onal T/ 2

delay to the output ed?e. 20 Cycle 30 illustrates a non-output cycle for
timng DEAHIED DESCRIPTION cycle, the internal delay circuits function,
but output TG QUT is not gated out, nor are new del ay val ues programmed
into the f ne and coarse del ay |inegyeiggconti nuous operation of the 12
April 2003 6 internal delay circuit§s Nerps to maintain a constant internal
tenperature within an I C containing timng generator 10 to hel p nminimze
del ay vari at AO%‘IB# @BIH§P%I8?‘?%3’39\9%&3?FesFﬁte‘ng?leﬂikst%‘“‘éLﬁlﬁ%@log&ﬁﬂ@ﬁﬁ@tw@an be
traceq. Rising signal NLCLK passes through an exclusive-OR gate-11 and
exills assodigedhvith idpbémermmgeengh Spqrdireprogramntatdedelay liny for IS testangsitieted to
a fine delay 12 where it is delayed by the anmount progranmed by fine del ay

control y, Biiketions! Wih te TOF sSlufibs AniphithdRidgldelay INGR @ key pataffethe being

delayed is a single edge, either rising or falling, often referred to as the "golden" edge.
Timing control in the TOF solution uses first-in-first-out memory circuits (FIFOs) to control
delay lines in multiple-clock domains, eliminating timing restrictions by allowing multiple
15  delay lines to be placed on a single IC chip without regard to clock signal skew issues.
Updated delay data is reprogrammed into the delay lines as soon as the "golden" edge exits
the particular delay line, which saves time when operating at higher frequencies. The use of
independently blanked fine and coarse delay lines prevents erroneous output edges as a
result of transients during reprogramming. The TOF solution also allows a precision, high
20  speed delay line to be updated every clock cycle without the existence of false delay edges.
Referring to FIG. 1, a timing generator 10, implementing a TOF generation circuit,

includes two separately controlled fine and coarse delays as well as an output gating circuit.



passes out as.signal F GATE. Note that signal PSBLALVT~ is low at this tine
"and F GATE is a copy, |less gate delays, of signal F N Signal F GATE, now
going high, will take a D-type flip-flop (DFF) 14 out of reset and enable
it toclock alogic 1 (high) ontoits 10 ~ "Q' output. AfﬁQrAlsmezg hayed
signal F LV exits fine delay line 12 as signal F CLK) its rising edge
- clocks the high signal onits "D'" input to the "Q' output as signal F OUT
- (point 41) on FIG 2. The rising edge of signal F QUT is applied to both a
coarse delay 19 and a fine delay regist®er stage 16 and 17, and the clock
~input of the fine delay FIFO At this time, the 15 rising edge data is
propagating through the coarse delay |ine and new delay data is being
| oaded iRt fl ' ' | n Elne ay 12 and
coar se egif}e ?Cgéﬁemg%%%%éé{#goﬁ?%eﬁ%rég g?/%é](é@d%éggrns & d%@r égghﬁr%eent ified
bel ow) are inplenmented with programmable delay |lines. The fine and coarse
del ays segtiongef ZRF| disuit 19 coAEMWHGAIS BL3 FATE d&’l@ipa@éw vieddFOn Afinmie i nput

si gnal based upon a received 20 progranmable control si~tal, in this case a
di gi t al neMte tRkk (MICIK) difRride "7y Bbi\ths singslovdintahe fdqaeady (18T)8herdogd to as
a fine delay signal as output fromthe fine delay, a 12 April 2003 7

coarse dgel ay, sisal, as. output .hron I r a (delay,signal as
out plt FE’Sﬁﬁbéﬁtoﬁg?kno%{pr{Fggbv %ufﬁ‘ H]‘l%t@é)\%e@gi‘%%z‘ %ﬁr}feﬂtﬁo%ggel@ change
the digital control value, and that value is proportional to the anount of
time delings qonehineoreath e naximuataielny of Y ivitsa tignaldl3y delanemtatdébpyed
versions of the input signal, neaning shorter tinme delays than the coarse 5

del ay. ¢phn@Ripaneinput PiRaseBid dlienctishayORaawe Tiey ddielihé G?erdt% Soht@Stsly S I n
t he del ay spanning one coarse delay value. Alternatively, any type "of

conponent_ fo rovi di ng. V. i f anal _can.be .used. The

r epr ogr QR ﬁfﬁcgf"y ‘ijﬁg)uf ?’ﬁ@oggngq‘\q?‘r@fayg%g%‘?peevgﬁ%r?gigmuﬁtgflg%?léwtés (poi nt 42
in FIG 2). The transients initially have no effect on DFF 14 output since
it can ensblede|lntds way, the delay ling i ablhiadelamariedgefon N plelotis cyslasqdusya hi gh.
The fal-ling edge df signal F ~N ends up as a falling edge on signal F GATE
(Pqignt  AzctioRafdeay 'Al! fnh Whalldelages: e RFFNIL Pw dF, BUldimoN, ei@nat F_GATE

remai ni ng | ow mai'nt ai ns signal QUT | ow even though reprogrammi ng

e nevéo padiags BEtr3hs ) s Endie sk RaRiig R ibent kel B Bia 0pe e

fine del ay, delag )
clock cycle where an output edge occurs on signal TG_OUT.

Referring to both FIG. 1, timing generator 10, and FIG. 2, the timing generator

timing diagram, the following describes the operation of timing generator 10. Master clock

15 MCLK is the reference clock for the timing generator output (TG_OUT). This clock has a
50% duty cycle. For illustrative purposes, the clock is broken into cycles 30, 31, 32, and
33 in the timing diagrz;m. The "up arrows" in cycles 30-33 denote that the output delay is
based on the rising edge of MCLK. Cycle 33 delay is based on the falling edge of MCLK
and adds an additional T/2 delay to the output edge.

20 Cycle 30 illustrates a non-output cycle for timing generator 10. In this cycle, the
internal delay circuits function, but output TG_OUT is not gated out, nor are new delay

values programmed into the fine and coarse delay lines. The continuous operation of the



|5 register reload tinme, and transient settle time is such that all
‘transients will nornmally have dissipated at the start of the next rising
edge of F_L~t. Thus, the fine delay section of timng generator 10 is self
-_bl anki ng by havi ng effect| vely elimnated the transients d§3| |y
guaranteed to not devel op erroneous outputs due to delay repr (9gr anmm ng
-transients. After the specified delay, the del ayed edge exits coarse del ay
line 19 as signal 20 C QUT. Sisal CQUT 4s applied to a coarse DFF 20 At
this tine roma termnal count I%enerator 26.is hig

enabl | ng TGRS e RIBER LEIPSAP FARHG P der ateal TmperApRT 1o Kon 1 hi s
yl CLK cycle. The rising C QUT signal clocks signal T QUT high (point 4~ in

FIG 2) eomtairsngpmirggenemtarr Odathpiptmidimizg'ddlayataeiafldnand a coarse bl anki ng
circuit 2?. Coarse blanking circuit 22 generates signal RESET (point 46 in

FIG 2). Thi dengﬂez%%b"ﬁle%%ﬁé clb@k-@@urgﬁtdsehgexf&%raﬁ%e%Eedzg&‘ Y §4a0 'ts

out put | ow. Coarse remains in f'or a prog ermgth of ti

ong. oStk @oeE HERTE LS eOB aalh {1 g StEahe Bhokihg pomrt N

FIG 2) fromclocking an output from coarse DFF 20. Due to the | onger del ay
rangé aspalafity éxignal FhIN fsetrarsmitted wel finye delayel Divhereyit ipdelmyed by the @novnbe
bl anki ng of reprogranm ng transients cannot in this exarrpl e be 10 ~ based

on the r iLt,22
cont ai natasamuEtE 6y fibiafolidl g SURRIE AN s SRRPBIIRY BENCRR B Thab g
pul se wi dt h of signal SEJ_to be set t t .coarse_ de| ay rel oadi ng
transi erﬁ%sqsr%ﬁﬁﬁg A‘JEE’rﬁEF%n&QFertB 835@@&01% ’fﬂ’i“g?ttthls thugamPw cont r ol s
the pul se width of signal RESET. The high TCOU "tT signal (because this

NI CLK CYECIGATEIiS a compiess gatedistaps;tof stgnakl INS Sipnaldl GATE/masw goiak hawh, WD gat e
2l as output timng edge TG QUT. Edge TG QUT is applied to the ext er nal

25 and 34 4RORE e Al (SFD) Prolifiat SATRLLTH cBh A RS EARORI Y 1“4

in FlG "@ and can result in coarse delay reprogrammng transients (point
48 1A°F Oﬂfpu The coarse transients are effectively blanked by the RESET
signal applied to coarse DFF ?0. 20 At the end of the blanking period,

si gnal RESET ASerltbevielayedRignalB_DNbexitsfihe dabay liteel haxdigndl § OLK; dgeisiay C OUT.

edge clocks the high signal on its "D" input to the "Q" output as signal F_OUT (point 41) on
FIG. 2. Therising edge of signal F_OUT is applied to both a coarse delay 19 and a fine
delay register stage 16 and 17, and the clock input of the fine delay FIFO. At this time, the

15  rising edge data is propagating through the coarse delay line and new delay data is being
loaded into the fine delay line (point 50 in FIG. 2).

Fine delay 12 and coarse delay 19, as well as the fine delays and coarse delays
identified below, are implemented with programmable delay lines. The fine and coarse delays
receive an input signal and output a delayed version of the input signal based upon a received

20  programmable control signal, in this case a digital control value. The delayed version of the

signal is referred to as a fine delay signal as output from the fine delay, a



12 April 2003 9 Cycle 32 illustrates the condition of an MCLK phase change.
In this situation, timng generator 10 is now based on the falling edge of
i vl CLK, adding an additional tine of Ti 2 to its delay range. As stated
-above, the fine and coarse delay lines 12 and 19 both oper at i sing
edge. The T/2 phase switch is acconplished with e:cclusi ve?{(ﬁAgg{Iei@éll to
irnvert the NI CLK signal when signal phase select (PS) is asserted. For the
Pphase change, the output of fine DFF 14 7s applied to coarse delay line 19

and to fdoagsedizlBpsigregus betpat fimahelcditse ddisy, oewdeiapeigal ayodphdrds cganged
(point 53 in FIG 2) at this tinme. Signal PSis part of the hne data and

al so chapge 4 L gV | | int bl i |G 2).
10" Thetf BreiiEh YR Tecth SRt o hal ot Be TR PART Vet ik o
output signal F P~_t, which inmediately goes |ow {rﬁoi nt 49 in FIG 2).

Si gnal Paluesis greperiendl te therananpef wingklay greducedii Tha Sine dhlay préwidesamorsi gnal
PSBLANK hi gh. The hi gh -PSBLANI C si gnal imrediately forces signal F GATE

| ow, f orfgiengnine@dE]akedweEDnbbatheiingt Gignallimeading SHBHEY ihB e V' K
hi gh unti Iel&tgheenextaklri s? ng edge ol:‘im} vl CLK (epozin%gts 55 in FI 8& yg@hitg%?!ﬁé%hi S

manngr, the “wong", Lisin n (poknt .54 in FIG .2), ]S prevented
(r ot ge el HGEEtR) Fe bBRaf R By e R BEG el E3ula f R esleS sbinig
generator 10 requires for its output consecutive edges spaced no closer'

t han peronodoarse T¢lay velupe dlstabipelyatnyotipe efeampanenhéor provdding@ldelayedyesrsiahel ed
point 56 in FIG 2 cannot generate a timng edge. Thus, PS blanking circuit
20 1 ~ gRhRighalGanidd We@xpected operation and additionally prevents

repr ogramm ng and phase select transients fromexiting fine delay 1?. The

final result 4s that for.phase I .PS 1 rid, 2003 ch fine
del ay 15 aut HEPORETRRB LT Bl fhe it afds bl wisimsipe g G
delay 12. The lack of fine delay transients neans the coarse delay requires
no specpl The transiands instiallychavand#fiectrrnBEF d4loutnut singa dtecan oady eloclesudl t of t he
phase sel ect change, timng generator 10 will operates as descri bed above.

Theypnl ¥ |68i¢ hBIHSRE®It: Sutbbeds a&ieﬂm{igriit Phe Fallifiy &igRQF siA] PUIN &Hds l%?%?? Wi th

respect to master clock 1~I CLK. “Sp Fi ne and Coarse DeTav Reproararnm n=

ci ou t T Fae A gl FREE Rl R el SR resg TR RS-t

i ndependent|y initiated by, the output of
low. Signal F_GATE remaining low maintains signal F_OUT low even though

reprogramming transients may exist on signal F_CLK. Signal F_GATE will remain low until
the next rising edgf: onsignal F_IN. The combined intrinsic delay of the fine delay, delay

5 register reload time, and transient settle time is such that all transients will normally have
dissipated at the start of the next rising edge of F_IN. Thus, the fine delay section of timing
generator 10 is self blanking by having effectively eliminated the transients and is normally
guaranteed to not develop erroneous outputs due to delay reprogramming transients.

After the specified delay, the delayed edge exits coarse delay line 19 as signal
20 C_OUT. Signal C_OUT is applied to a coarse DFF 20. At this time, signal TCOUNT

from a terminal count generator 26 is high, enabling coarse DFF 20 and allowing an output



each separate delay line. This enbodinent avoids l[imtations with respect
to delay I Ot reprogranmng settle tines in high speed TOF circuits. FIG
3 shows exenpl ary use of previous styles of TOF nethodology in a circuit 60
Having a fine delay 61 producing a fine delay signal F QUT, P gg)@irbéﬁoggel ay
62 producing a coarse delay signal C OUT, gating |logic 63, and 4. In
this exanple, gating logic 63 includes, as shown and configured in FIG 1,
I'atch 20, AND gate 21, and coarse 15 bl a ki ng circuit 2?. In FIG 3, the
"next cycl val ue_.i s .not .u afte el ayed edge exits
the circult thl#%@)é%w%% T‘ﬂﬁa Fn-ﬁﬂﬁf;ﬂ&f‘ %EIFPB‘\%“?LTE(BET%K %%ft“rdelgéGt he
limtation with previous desi~s such as |s shown in FIG 3. The timng

di agr am a2pamiis applésd: tp pnoatpw NAND gater 2 dalday cquasecbtenlang cand: 2heCogist case

situation of maxi mum coarse delay as provided in Table 1. 12 April 2003
11 Tabl e I ) I i i
through 1 SacqgFIeTaY g%“?ééf?ﬁﬂi‘%mﬁ Ef%;ﬁ’sﬁt;?éé. oY TRg R 8l i

del ay through. coarse TDreo imate data re-| oad

del ay pat fPRUERLQ/504HS | ﬁfﬁ?gs@f@w fe 8bufios oot BHE oremeise it RESEADRY | | ne
to settle) Alimtation with previous inplenentations is that the fine

del ay §5i s prografurdd/lesgthtof ¢ichendstcontrbiledieycatededylaniang eirbidf 22. e Thd Rnp@er tideL K
edge arrives. The following calculations 5 provided in Table 2 help to

illustrat I t =y oar se
+ TD rel org‘égt%@#&r?g%s g(?? ﬁeﬁ’rg)t@e %gﬁ%&ﬁ%{bﬁd@%g@ngg{) (gemk ?‘gm ﬁiETPr'i
settle(4)=T - 1,1T = - %; Equatlogé 6 1) and (2) show that. it takes nore
t han one ffﬂé’ﬁi"@&km)anf%‘@‘{t 1 ¢opEseder Byt 0, settle. The resulting fine settle
margin (Tmar~ fine settle) is reduced to a negative nunber in equation (4),
i ndi cati ng no Duermithe lofiger dfloyr rmngé hdseciared wetit thevairsé dplaglig@bat i on can
result 10 in erroneous delay values. FIG 5 shows an inproved circuit 70

havi ng a of ; :
reprof of ApPRERRA Y, (it bt IOtk Maps B0 cBlnd BRI OT'e |
J 2 1? al f I 4 cl ock
é)ln gs?q?i?@ tég,?r&sgg%r r@@é%%&:ﬁﬁt"g xtsldggvgt?ve?y ng;sg bEaLe ImSCYt c?xrcu?t 27Ccogt(z;unslanIOUt

programmable pulse width generator that allows the blanking pulse width of signal RESET
to be set to prevent coarse delay reloading transients from generating an erroneous output.
A digital bus DPW controls the pulse width of signal RESET.
The high TCOUNT signal (because this MCLK cycle will create an output) gates

15 signal T_OUT out of an AND gate 21 as output timing edge TG_OUT. Edge TG_OUT is
applied to the external destination circuit as well as to the clock input of coarse delay
registers 23 and 24. The delay data to the coarse delay line is now updated (point 47 in
FIG. 2) and can result in coarse delay reprogramming transients (point 48 in FIG. 2). The
coarse transients are effectively blanked by the RESET signal applied to coarse DFF 20.

20 At the end of the blanking period, signal RESET is low and DFF 20 is ready for the next

rising edge of C_OUT.



fine delay register 61, the delay reprogrammng for the fine delay line is
‘initiated. FIG 6 shows a sinplified timng diagram66 for circuit 70.

Usi ng the sane del ay assunptions di scussed above, the fine delay rel oadi ng
-margin is calculated as follows in Table 3. Table 3 (~). T{rggégqﬁli ettle
=T- (TD_fine + TD reload + Tdfins settle) (6) =T-(0.2T+0. 1%?0?7) =
-0. 4T Equation (7) denonstrates an inprovenent in the Tmarg-fine settle
-val ue of 0.5T over the original confi gugati on of FIG 3. Self Bl ankine

Repr oar ammabl ,ay,.Circuit 10 Anot her "e ijrent consistent, with the
present i nven?iygﬁ J?ﬁgpﬂﬁ‘é“é tée ﬁﬂ@m ﬂm phase GBRRgey dndls sitpatianki ng
reprogrammabl e delay circuit control that automatically inhi'oits erroneous

out put etijnérsg ghneramy lionpnbowdasekompthledalling edfmofdC IO hddaigaan ddditendeimy of
changes. This enbodi ment allows "on the fly" polarity changes and del ay

changes +p Qi S 1 dv@n : | I [ t wo

f eat ur esT/t"htgtlggleﬁg\?v&ﬁe' to %t@ﬂg}ﬁs({a‘;lef m%?‘%lagé%b 3??&3%%?%%% g‘ﬂﬂ%g&ﬁr ansi ents
and input polarity.changes. These featyres are expl aj ned bel ow. 12 April
2003 13 AeFaE ORgiTifieg e%ér fThsﬁz?:RMF& S&‘fﬂcgﬁ%&qcamﬂiﬁh%d wihgselusive-ORugate hi s

enbodi ment, the delay |line reprogrammng transient settle tine is Iess than
t he Snputl tolimedst the MGHK(sT3nal ®héh signal phase seddce £ S) is ekdertall aBkt the phasecui t 67
havi ng an exclusive OR gate 71, a NOR gate 7?, a fine delay 73 producing a

del ayed [ : : [ iLt, /5 producing
a bl ankic?f(%:}f?@lf g?a@. loEﬁ%'ﬁsFﬁgl\;gxng Elllgrcpf@l‘]’oi cégf&iet% F%‘?ggﬂegll@gag@atén% dFICW circuit
67. Referring to FIG 7, the_delay line input F )~T is gated via NOR gate
72 as sil'gﬁéqersFlWé?-'Wwwsﬁ%ﬁﬂ%ﬁdqtﬂllﬁ Ghapged (Ppint Sk in FLlGnA) at thishme al so
remains low, maintaining DFF 74 in a RESET state. During the RESET state of

DFF 74, Sidsal P8tippdrt 6Fthfhe dataGind alsonohianges! froth anegas dllegisvalie a thisahe of
signal F CLK. Wen signal F TNrises, it starts propagating through the

delay Ili f?%d, auses signal F GATE to rise. A high F GATE signal
al | ows a ngélg}g?%ut a rising edge on the ne,ct rising edge of the del ay

i ne output E . The intripsic fine dela t he. m nj nrum propagation time
t hr bQth P he f'qhgglﬁ(géjego&?g Fqgﬁél,Prksgauses excluswe-éR gate 11 to invert 1t§ ou pu? signal

F_IN, which immediately goes low (point 49 in FIG. 2). Signal PS is also applied to a PS
blanking circuit 15, which forces signal PSBLANK high. The high PSBLANK signal
immediately forces signal F_GATE low, forcing F_OUT low. PS blanking circuit 15
maintains signal PSBLANK high until the next rising edge of MCLXK (point 55 in FIG. 2).

15  Inthis manner, the "wrong" rising edge on F_IN (point 54 in FIG. 2) is prevented from
generating a fine delay output.

The expected operation of timing generator 10 requires for its output consecutive
edges spaced no closer than period T. This expected operation requires that the MCLK
edge labeled point 56 in FIG. 2 cannot generate a timing edge. Thus, PS blanking circuit

20 15 maintains this expected operation and additionally prevents reprogramming and phase

select transients from exiting fine delay 12. The final result is that for phase select (PS)



15 greater than the delay path fromsignals FINto F GATE for this

‘enbodi nent. The RESET disable to rising edge of F CLK signal setup tine is

negligi bl e, or when conbined with the F Nto F GATE signal delay, is still

-less than the one delay line intrinsic delay. This assurrptH?nA")mpbbﬁg t hat

when the rising edge of signal F CLK rises, DFF 74 wll be fulTy out of its
reset state and ready to clock out a rising edge. 20 After the del ayed edge
"(F~CLK) fromthe fine delay line ¢ |ockslQout a rising edge on F QUT) the

new del ay.Raabete fg idall b leOMt ST SRR ' ingl . The
s o 1 e e R Refleas BerEstifite Snd 0

generate ients.at the delay line t puts ee FIG 8, points 76 and
77). FIG Heafﬁ? F?§% Pﬁﬁéj% d%lﬁiég?nsé%%‘@ﬁﬂﬁqﬁe %’325 Y I5GYITES NORIECL Crghiiths
hi gh due to its fixed high "D' input. At some point, si,;nal F IP1 foll owed
by si gnalacEortitiatei fhlasqseldcovhangee Avaregoit ngthei ginat sdle@RRings, timidgpr ce DFF 74
output si?nal F OQUT low. Signal F OQUT will remain |low, even in the presence

of 11 anSIgRALa AN oS/ M\ Ferdies Bslfiescibed aB&RLMRIC il BRFHLARI: AL o N of

progranmithg transi ent ave settled | ong re the next risfng

signal F IN Along with signal F 1IN risi ' | F GATE rises and
r e- endibl é’@“D‘F@ 704‘?0 PRASE 84 rF?H?Qtﬁor%?SM%gtﬁtﬂ%or this feature
automatically suppresses 10 ~ .reprogramm ng transients wthout the use,

for exanple, of conpli SplitdineatdComke DelanRepparamering Eontdelcond Feat ur e:

Pol aritv Chance Bl anking Pol arity change bl anki ng prevents input polarity
changes from i; bl bt Gy : ...The fine
and coar se. dert ErPodRRnRdRRAL RN DRt Yo Ehi G ol Qe A i By
additional T/2 del ay achj eved by changi ng .the phase (1800 of the input

ol ock.  TAPLS kAT BESe AelaK T ERTLIEN G EREH dadepPRASnak D ieee Bydhe v(paE

erroneous delay line outputs if not properly inhibited. Crcuit 67 shown in
FI G 7 aesthaseparatesdsbmyniitiengiitis erhiborichienavaidsdinisations with fesfct ® ddlhpst rate the
operation circuit 67 for polarity blanking. Wen the phase sel ect signal PS

s P e R B O B T orces output i gnal o

PSBLARK i gh. F}ae 3 mo%&bs_e%gxing?ary use of previous styles of TOF methodology in a circuit 60
having a fine delay 61 producing a fine delay signal F_OUT, a coarse delay 62 producing a
coarse delay signal C_OUT, gating logic 63, and a DFF 64. In this example, gating logic
63 includes, as shown and configured in FIG. 1, latch 20, AND gate 21, and coarse

15  blanking circuit 22. In FIG. 3, the "next cycle” delay value is not updated until after the

delayed edge exits the circuit. The corresponding timing diagram 65 in FIG. 4 illustrates the
limitation with previous designs such as is shown in FIG. 3. The timing diagram assumes the

typical values for delay parameters and the worst case situation of maximum coarse delay

as provided in Table 1.



12 April 2003 15 PSBLANK signal forces si,~al F GATE | ow, causing DFF 7=~
Signal F QUT output to go |low as shown by point 84. ~1 snmaller pulse width
on signal F QUT at point 84 does not affect the delay output since all
-timng information is contained in the rising edge of S|gn I ?‘ gasgnal
PSBLAYK remai ns high until one MCLK cl ock edge before the nex val
falling MCLK edge, point 86. At this tinme, signal F INis now |ow, which
further maintains a DFF 74 in a reset stHte until signal F 1N goes high as
caused by MCLK falling, shown as point 87. The above sequence serves to
maintain the fine DFF | ow, and prevent the false rising FCLK edge at point

85 from‘mmmnﬁmmﬁmmﬁﬁm—%e—fel arity
changes.| A sim | ar sequence of ev AYS loccurs when the PS si gnal changes

froma hrh Foe %Yf(ﬁggmxﬁﬂat@‘im hi€ 0y et @&‘ﬁﬂgﬁiks by thi¥ftigh Hnddely ge

bl anki ng Crrcuit 1S Lt 5|nu aneous any Feproqra
transi entsDt b@drsemxb ¢ ¢approxiranginptsie + tyaxcoarsgeslayRirdughared aaw)t 7~

i ncl udes-—a—si I'YT\J C\ll’_‘lf‘h_r oRous—si-at-e—maehi-ne—sl-aockad h\l AL CLK with aolit pUtS

gated by Engiq>adss§> 3érs(@pmmmaﬁ¢ fataze-tped deley pady dednsg Iatches 92 and| 15 93
| ked ctotk 1 o UI]LIU storat—PS—tLat ch
gzo;ng ugf(gpg E—éﬁtﬁl&tgﬁt ges %gé{“é%f%glnﬁﬁar%ime;?cﬁ%“& ng ignput Si g12|g '?z

an OR gate 94, which produces the blanking signal. Adjustable ASynchronous
Bl anking G rcuit Another enbodi nent consistent w t h the present invention

i ncludes an adqj.ustabl e).?0 as chr blankln t.hat ovi des
adj ust abl e ang IHP’éQ:IioéWe&'HFQWF ﬂ‘? at?"ﬁ‘ﬁéﬁ)@ﬁ ieé’lléyo"l ﬁhésﬁ@day
setting) and elimnates delay |ine reprogramm ng tran5| ents in 12 April

2003 16 with thegeevdé¢lay vilundefore thedek tly{Claa gdgadmriappr The follatvihg/calndations f
cl ock period. This enbodi nent works without reference to the external

mastﬁ m?r@ﬁlﬂﬁdﬁﬁa &%WV&JII&SM@W&R&%n timng generator 100, and FI G

(@]

12 s atlmng |agram ~for its operatlon Ti m ng generator 100
i ncl udes$—a—fHnre—det &y 3-8+ P B " UL B S5—f—re—det-sa &y S+ gF‘ral = , a coarse
delay Z[/02 producing a coariél &eq ay signal C QUT, a DFF 103, &and a DFF 104.

It IS aSTPETAEIRAIT FLAVID DiPen TA R AREIIAr S1i aht |y Less

than T/ 2 suppressTany, prodranm ng transrents. However, the
len~h (Odp) ay ~T/ 2) e=f1 {Tie coarse delay line in timng generator 100

creat es|lim tati-ohs
(3) Tmarg_fine_settle=T - T_fine_settle

() =T-11T=-0.1T

Equations (1) and (2) show that it takes more than one period (T) for the fine delay to
settle. The resulting fine settle margin (Tmarg_fine_settle) is reduced to a negative number
in equation (4), indicating no margin. Therefore, this conventional implementation can result
10  inerroneous delay values.
FIG. 5 shows an improved circuit 70 having a coarse delay FIFO 69 for solving the

lack of fine delay line reprogramming margin. In FIG. 5, the output of the fine delay line is



when attenpting to blank out reprogranm ng transients 112 and 113 shown in
timng 10 L diagram 10S. A coarse delay blanking circuit consistent with
the present invention solves this l[imtation of correctly bl anking
-.reprogramm ng transients when the programred delay can vary,Qy ilg%égn;e of
approximately T/ 2. Referring to FIG 12, the top section de%ai s the

bl anki ng requi renents when the fine and coarse delays are set to m ni mum
“Fine delay output edge F OQUT at point 196 is IS delayed by the m ni num

val ue thr, i o] se del ay
102" T REEEHyN AnEtelyy BRa PENOEE DAL 008 REREoR B Y TR SERTLTS
coarse edge at poi.nt 107 cl?cks a |l o?i¢ one (high% out as signal T OUT 108.
Si gnal Tigerdely segistan o1, heedelarerrgraymingfer thepfisyielaniingisprisietds to | oad
the delay value required for the next output edge. Sone f xed tine later,
the coarse delFag. § itvavs ssimelifad eithing diapehoes! (o1 ROIA0ANSIRNHS sBRY dexy st for
slightly less than the delay line Iength, as shown by transient 112. 12

April 2003 17._.A j.val ' - tBLo~uL~L K0 L F 12,. woul d
ot end 1 FonrgiP S8 By e Rk Reable 3 huine Paceiip owpftes B
have sone internal circuit delays before it is initially asserted, as shown
by tHe déallg3from edges 108 to 110. The rising edge of the BLANK si gnal
forces the DFF output TOUT | ow at edge 109. The BLANK signal 5 continues to
mai ntai  the DFF out put | ow durfiage3he tinme of the reloadi hg transients.
The casgq for maxi numfine and coarse delay is given in thejbottom half of

FI G 12.0(5?1.—[5% ﬁ&@gﬁb%q{ %@%%Wrgb KW“@#?@E&(,VB| ANK) woul d have.

to extern rrom poi nt™ e totral bl an n 17 denonstrates

the enti range of e DiankT, FSE Z-Osuttesstutty] bl ank out
m ni mum gﬁh maxi mum del ayir‘iﬁ'gﬁ 8’?’?& %Ei K pul se is alwayp initiated with

respect po—the—freprogrammngof—the—coarse—detay—++nre—Fhkej r epr ogr anm ng of
t he coarn S(Z) delay line is’ggged on the del ayed coarse dal ay| out put ri sing
edge (T lOHS—as—showr—at—ports—108—and—11t4—TFhe—+egquited position of the
" BLANK,si‘gnal has no fixed reference to input master clock signal N CLK; its
starting point is based on the rising edge 15 of T OQUT. Wthout alternative
met hods,Edquadoi | Brdeimogstodies dreimpraverserd éh the Trnarg_fint cattlenglie &ils Botes tizannot
be acconplished by this conventional nethod, such as using the master clock

si gnal %?io?naltlk%ff%ﬁitf‘dcngtf@ﬁeei’: An enbodi nent consistent with the present
e a

i nventi on=-sol ves ové ITmtation, as

Self-Blanking Reprogrammable Delay Circuit

10 Another embodiment consistent with the present invention includes a polarity
change insensitive self-blanking reprogrammable delay circuit control that automatically
inhibits erroneous output edges during input clock polarity changes and delay line delay
changes. This embodiment allows "on the fly" polarity changes and delay changes in high
clock speed environments. This embodiment includes two features that allow it to both self-

15  blank delay reprogramming transients and input polarity changes. These features are

explained below.



shown in FIG 13) by adding an asynchronous, variable pulse w dth bl anking
signal 20 generator 121 to a coarse delay output circuit 120. Bl anking
signal generator 121 has a pulse width controlled by a digital control bus
“DPW" The digital pulse width via the DPW 12 April 2003 }§ rol
allows the pulse width to be customtuned to I C process, operating voltage,
arid operating tenperature. Bl anking signal generator 121 produces an
adj ust abl e bl anki ng signal for use in blgnking transients. FIG 14 shows a
timng diagram 130, ilg: N Yol I i jpts 13~ to 137)
and nma: ci mum (points i i EMLR,O ﬁ%ggghﬁrﬁygh§$§#§ing si gna

w dth remai ns the sane and effect!v?Jy bl anks neprognannin? transients 134
and 136. Bl ankForfhigesehosimentcthe dgiay Lpd ferragrap@ingiagsiant seile time isdssrirne,

wi th an adjustable pulse width, edge triggered nonostable nulti-vibrator.

FIG 15 itednplita@ckpendd (). FI@nDilasiaiesnlselfiekinkingwircalt 67 ariigne elemskat or
circuit 121. Bl anking generator circuit 121 10 in this exanple includes a

pul se ge o1 ner, f i, dt-h W BW en

Pri gger o Bt AR Sreg o A RElap T s s B IRy B el S T B R
an analog input referred to as_"P.W CONTROL". Signal P.~V. CONTRQL is
gener &t edDFF dtaandai R blank eiseit 51 predhciag aflanking sigurlh FIG 8 shaves aniintplifidhe
digital control is applied to a logical digital-to-analog (DAC) converter

133 t hat tGgringdedgesm GBdop¢idu@g7cont rol signal (P.W 15 CONTROL). A "l ogi cal
DAC' refers to any circuit conponent or collection of conponents that

perfornms the f 4 | gL Weldla st abl

it 1 i br at o PargRy E1GAR @15y B AR A gl il RORIP 23! ST
inmplenented in a variety of ways. For exanple, in one inplenentation a
current EQGZACE-cWaﬁhgsé@%FbEﬁW%ﬂchlQWaéligﬂ%ﬂg%’ﬁﬁél,ﬂpé’émtamsiw,tmaintmiqing of a
vol tage conparator. Different nunbers of capacitors are connected vlia the
di gi tal ©RR7Pin PRESET seéDeriid e REBET Satef ODFR74 Q8GR AF VOUTROe t hat
cause the conparator 12 April 2003 19 to "fire." This currént source is

cont l ed b Laital v i [ i.S . tati.on, that

or ool Girs ity Reheaiess b Sl A Sa R oloRLF ARG B o ot
operation of blanking generator circuit 1? 1. The rising edge of input

si gnal 1Rropegatingdhrensh valinsrand alsogauprsisignal EoGAJECesiseh & Bigh bt GATE
signal OUT of bl anking generator 121 to go high at point 143 for a length
of | time :gjﬁghha_rajmbwe@mm heoudpgiatrising edgeronl thy aextaistig ¢dpe oPthreddiaisline bagpuput put
pul se width is

F_CLK.

The intrinsic fine delay, the minimum propagation time through the fine delay line, is
15  greater than the delay path from signals F_IN to F_GATE for this embodiment. The
RESET disable to rising edge of F_CLK signal setup time is negligible, or when combined
with the F_IN to F_GATE signal delay, is still less than the fine delay line intrinsic delay.
This assumption implies that when the rising edge of signal F_CLK rises, DFF 74 will be
fully out of its reset state and ready to clock out a rising edge.
20 After the delayed edge (F_CLK) from the fine delay line clocks out a rising edge on

F_OUT, the new delay value will be updated following some predictable logic delay. The



adj ustable over a range, varying frompoints 143 to 144 and from points
143 to 14~. The addition of blanking generator circuit 121 thus allows the
coarse delay line transients to be conpletely bl anked i ndependent of the
-coarse delay line programmed delay and without 10 , relyingo-p Hpgo@éternal
system cl ock (MCLK). The various enbodi nents descri bed above cgn e

i npl emented with any conponents providing the described functions, or as
shown in the corresponding timng diagrdass. The circuit conponents provided

for the i : i i i he.l at ches
_ ?&%&%@&%@%@x%ﬂ&h@ﬁﬁ%él@% n]g% citiedhet P LEARLL L] @1@%8@ Re

can be inp exanpl e, wit i p-T1ops, registers, ~ ot her

types of circujts r, stori o] tjng states . of an_i signal. The
| ogi ¢ gaPBPWH %Efc?'r?pP@W%?@%ﬁf’t)hﬂ@%%h‘éﬁ%‘ﬁéﬁ‘ﬁ&é@@ugﬁf eggﬁmﬁlﬁenti fied
by the circuit conponents or with any conponent providing the function of

t he corr esiety) DFRH74 cppainglagk dudteeitdbfiseddiigly "D inpuitt .t camelpeintngtedenied, for
exanple, with the conponents shown and described, or with any conponents
for provigi tdes; ' - THORW-98iS o i ' he
20 errbod?o(rirgr‘l sfl anbe u%ﬁmﬁlﬁ%ﬁ% er ent t?pggg%{agﬁgwg?%ﬁa IﬁspFa?l%i

del ay line signal W th vari t ypes of .del ay stages and |i_ nes. 12
Apri I3 ZOO‘QPEDSIWI%e.CﬁEﬂI%Y-eg'Sﬁﬁ ﬁmﬁt“?{ﬁﬁema& IB\é,{eFlve(?e‘é‘ég? BEsgencs %€ onnect i on
with an exenpl ary enbodinent, it will be understood that many nodifications
will be gessikrdtyonpigaslntCIio. Thisssswskptidnadqiirestthat adlr pro gandningiteansipsts hewat i on
is intended to cover any adaptations or variations thereof. For e.canple,

differen L i ] : | abe oo i : i gnal s
my b GetRESERrL e AP PARNSIEALE BRTForeiich BEnY, I Hii Sl
invention should be [im t%ilq onﬂ% y the clainms and equi val ents thereof.
21 12 ApriGATEosesapdie-prabiasdy is: 1. Acircr~it for split Pane and'
course delay control of delay lines for use in | oading delay data,

conpri si ~ag: Thé taaaltidglimplentsmrdtionl forthis feytuze ditormatiedlBysuppreesesr ecei vi ng a
clock signal and out~uttin~g a fine delay signal; a coarse del ay,

contnol | 0 : ' LTV t j I ' .:.and
out Ot 1 et aEE AR AR ol o wieP Rk plel SRl e B oy
signal and outputting a gated .delay signal for |oading delay data; and a
| atch, QIEEKEd by the fine delay signal, receiving the fine

Second Feature: Polarity Change Blanking:

Polarity change blanking prevents input polarity changes from generating erroneous
fine delay circuit output edges. The fine and coarse delay lines provide a maximum delay of
15  T/2, with an additional T/2 delay achieved by changing the phase (1800) of the input clock.
This changing of the input clock phase in real-time can create erroneous delay line outputs if
not properly inhibited.
Circuit 67 shown in FIG. 7 and a corresponding timing diagram 80 shown in FIG. 9
illustrate the operation circuit 67 for polarity blanking. When the phase select signal PS
20 changes as shown by point 81, signal F_IN immediately goes low. Signal PS is applied to a

PS blank circuit 73, where it forces output signal PSBLANK high. The high-going



delay line and outputting a progranmable control signal for the fine del ay.
2. The cizcuit of claim1l wherein the coarse delay conprises a programabl e
dewy line. 3. The circuit of claim2 wherein the fine del ay conprises a
progranmabl e del ay |ine capable of producing shorter tinme d t he
coarse delay. 4.'Fhe circuit.of claim1 wherein the gating oglc |nc udes a
circuit for blanking txansient signals iE the coarse delay signal. 5. A
circuit for _split fine and course, del ay ntroI of delay lines for use in

| oadi ng dRIBYANE: signaldhses sisngl:F_ 44 hE 18R caysing Hifth 84 signaldy, QUT iontputtiel say
line, receiving a clock signal and outputting a fine delay signal; a coarse

del ay, capiw #sheentty pin@A sesdallenpulieneidii & graly QUE at boiat Slﬂlé’éé ot gnal
and outputting a coarse delay signal; gating Ioglc rece|V|ng t he coarse

del a; ~ si_sal t | adi.ng d dat a;
and a Iata?:ﬁz"Ct @’IQ %&%}t Q&%‘ﬁ r?@brﬁ asltmglnlg?gnﬁa51(?«‘:% %hegnstlﬁeecgﬁaf’?‘lﬁé’@”@el ay
| ine and out putting a pro rannable control signal for the coarse delay. 6.
The circd_OWT. Sigiah? remaipehigh anyeonsaVBILE eloclsredgebefaretho gevalab| e
delay line. 7. The circuit of claimb wherein the fine delay conprises a

progr 3| ﬁotmcﬁxédae GAPRD| £t @s tHheiEiaDE BORRY 1dvw Mind he
coar szngg I 2 17 i%l’” 2003 8s The CIaI’CUIt of claal n;%égﬁmﬁ‘é@eé?ﬁ%@g

doar 80 L%%@F Zﬁ‘éhi?ees%&at%b% Ly FL ey o8 b Een B ALK e einasg

transients for use in loading delay data,. conprising: a delay, controlled
by a del gginti8de, .receiving a clock signal and outputting a first del ay
signal; a latch, clacked by the first delay signal, receiving an ingot
signal and Oumiétabbﬁélse%luéz%‘e%ﬁlreg@é Airthia i ﬁn@D@‘Fqu Ak} t‘%gerﬁ'tE&fallsE .
receiving the clock S|gnal and a control signal, and out uttlng a bl anki ng,
signal ta a ch for i-n bl ankin ransjents in
the i r stsieidy K e dPoiny s S crelifid an Sfrolile he Yol el YHER R IRY g
circuit includes a synchronous state machi ne cl ocked by the clock signal.
11. I[he poladity ¢changesc | A simila sequenes of eveatssacauisrvdirenutbe POasti gnaheivngesfromal udes:
a pair ‘of latches clocked by the clock signal and gated by a control

si gnal ; acﬁltyn&wﬁuxeom élﬁlhﬁ-‘orﬁﬁfe@ﬁlré SEQ'le oMtpUﬁM%lﬂmﬂdﬁ&m@ﬁhé %hfae‘ it/ atches
and outputtlng the bl anl ~ng signal . . The clzcui't of claim9, further

i ncludin g nd the control
i'gnal . SR GG AR R 8 sl lgﬁz#ﬁﬁfﬁ st TRy B e nges.
further including a |.ogi c_gate receiving the clock signal and the bl anking
signal, and o8#® rﬂqqﬁ@ua 7@&99 lndesst grwle schpoeoittesnachinerlorked by t he

| atch. 1~. The circuit of claim9 wherein the |atch conprises a dip-fop.
15. A ciNILK withootitptits gatad by signal BS dsashbwndn BIG.tICa NS iiides {a¢he 92 aftir i ng

| oadi ng of delay data, conprising: a fine delay receiving a clock signa

and y@ut pay LBk 4 ﬂ%cﬂﬁxgﬂ?l e +.nd SatEO6Y §eoﬂa§1%¥ﬁnaw§t m!chgsobob%d@ coar ;e

delay line, recerving t ay” si gnal |ng coar sé de

S SRZI, ireeeitacTy O R sates SPGRAR e BREPE el aote?ri B Seninal

and

produces the blanking signal.

Adjustable Asvnchronous Blanking Circuit

Another embodiment consistent with the present invention includes an adjustable,
10  asynchronous blanking circuit that provides adjustable and precise blanking control

independent of delay line delay setting, and eliminates delay line reprogramming transients in
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15  delayed by the minimum value through the delay line and enters the coarse delay (see
coarse delay 102 in FIG. 11). After the programmed coarse delay value, the rising coarse
edge at point 107 clocks a logic one (high) out as signal T_OUT 108. Signal T_OUT also
initiates the delay line reprogramming process to load the delay value required for the next

output edge. Some fixed time later, the coarse delay line is reloaded and reloading

20  transients may exist for slightly less than the delay line length, as shown by transient 112,
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initiated with respect to the reprogramming of the coarse delay line. The reprogramming of
the coarse delay line is based on the delayed coarse delay output rising edge (T_OUT), as
shown at points 108 and 114. The required position of the BLANK signal has no fixed
reference to input master clock signal MCLK its starting point is based on the rising edge
15 of T_OUT. Without alternative methods, the blanking of the coarse delay line reloading
transients cannot be accomplished by this conventional method, such as using the master
clock signal as a timing reference.
An embodiment consistent with the present invention solves the above limitation, as
shown in FIG. 13, by adding an asynchronous, variable pulse width blanking signal
20  generator 121 to a coarse delay output circuit 120. Blanking signal generator 121 hasa

pulse width controlled by a digital control bus "DPW." The digital pulse width via the DPW
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5  blanking signal width remains the same and effectively blanks reprogramming transients 134
and 136.

Blanking generator circuit 121 can be implemez;ted, for éxémple, with an adjustable
pulse width, edge triggered monostable multi-vibrator. FIG. 15 is a diagram of an
exemplary implementation of blanking generator circuit 121. Blanking generator circuit 121

10  in this example includes a pulse gener:.ator 131 that éenerates an output pulse of width "PW"
when triggered by the INPUT signal. The width of the pulse PW is controlled by an analog
input referred to as "P.W. CONTROL". Signal P.W. CONTROL is generated from a
digital control value of data width "n" bits wide. The digital control is applied to a logical
digital-to-analog (DAC) converter 133 that generates the analog control signal (P.W.

15 CONTROL).

A "logical DAC" refers to any circuit component or collection of components that
performs the function of controlling the pulse width of a monostable multi-vibrator for this
exemplary implementation. That function can be implemented in a variety of ways. For
example, in one implementation a current source charges a bank of capacitors connected to

20  the input of a voltage comparator. Different numbers of capacitors are connected via the

digital control bus to change the time to reach a specified voltage that cause the comparator
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5 output signal OUT of blanking generator 121 to go high at point 143 for a length of time
determined by the digital control value of the DPW bus. The output pulse width is
adjustable over a range, varying from points 143 to 144 and from points 143 to 145. The
addition of blanking generator circuit 121 thus allows the coarse delay line transients to be
completely blanked indépendent of the coarse delay line programmed delay and without

10 , relying on the external system clock (MCLK).

The various embodiments described above can be implemented with any
components providing the described functions, or as shown in the corresponding timing
diagrams. The circuit components provided for the embodiments are only examples of such
implementations. The latches can be implemented, for example, with flip-flops, registers, or

15  other types of circuits for storing and outputting states of an input signal. The logic gates can
be implemented with c'onventional logic gates as identified by the circuit components or with
any component providing the function of the corresponding logic gate. The blanking circuits
can be implemented, for example, with the components shown and described, or with any
components for providing the same or equivalent functions of the circuits. Also, the

20 embodiments can be used with different types of ENABLE signals and delay line signals,

and with various types of delay stages and lines.
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thereof. For example, different types of circuit components and labels for the various

5  signals may be used without departing from the scope of the invention. This invention

should be limited only by the claims and equivalents thereof.



M MW [:

b4 “10%& ()- ' $1098& ()- 9! 1098@& ()-3 " 10%&

()- 10989& () -

- YI0%&' ()--M NNN-OOO| [: bU4 “1"1008& ()- " #109& ()-  "1094& ()-m
S1098& ()- s!1094& ()- SF10%& ()- 30CBPPPIQQ[:bU4 9@'100/8/«&()
91109 () O*nt 109& ()- (109! ()- &S&S 1098@ ()4,
)<

- L&$10984&' () - QQ<RRRRRRSVU4 sF! 109%& (

3$109%9&

0 YRYRE&

"1098& () - 10%100/&0%

RE" 200%%: () -

()- 91g1098& ()-SVSSTTTT U/ [:vU4 OF#1098& ()- L#1098& ()- L

C10%& (). CL@0%E& ()- "109%& ()- s @1098& ()- ULUXUUL V] [ : vUs
$1000& ()- ! 1000 ()- &10%& ()- ,SSL0W& ()- &I0W& ()- &LOW& ()-
CVVVWIVIVBX] [ vUA |11 10%& () - @ 109 ()- - 1099& ()-  *f#1098& ()
(a0%E (Whaat is10beistad i9O000XMYVUA 3 110% & ()-  ~ 10%9& ():
109 6
Sa100% & Qﬁ&“*k}%@‘@?{&%@ﬂf %?2)“0‘§§gmm/aocﬁn§d teSPRERA (VO e e () -
i\t }L\]() 09s §op Usgom ¢ ‘7#10% & () - 1;11%00/%&&(9
Plome ) zg d%}Lrglxk %g Z’\ﬁ:ﬂzééndél'ﬁ LBe; %@%%}h{ri B & Q)
109898 () - X é)a %513’5

0" 10' 10" 5#10% & () -
e’ akaabnbla[c:@wse delb /&%@&dﬂedb a&a%wder lile] B8GSIRANE)

& 1006988 ()ﬁ%# ok %ﬁ%l?é f;ggﬁ% 1@9 bﬁ‘cl‘aﬁﬁféd Ide14

gatmg lo,m receiving the coarse delay signal and output-
ting a gated delay signal for loading delay data; and

a latch, clocked by the fine delay signal, receiving the fine
delay line and outputting a programmable control sig-
-nal for the fine delay.

2. The circuit of claim 1 wherein the coarse delay com-

prises a programmable delay line.

3. The circuit of claim 2 wherein the fine delay comprises

a programmable delay line capable of producing shorter
time delays than the coarse delay.

4. The circuit.of claim 1 wherein the gating logic includes

a circuit for blanking transient signals in the coarse delay
signal.

5. A circuit for split fine and course delay control of delay

lines for use in loading delay data, comprising:

a fine delay, controlled by a fine delay line, receiving a
clock signal and outputting a fine delay signal;

a coarse delay, controlled by a coarse delay line, receiving
the fine delay signal and outputting a coarse delav
signal,

gating logic recerving the coarse delay signal and output-
ting a gated delay signal for loading delay data; and

a latch, clocked by the gated delay signal, receiving the
coarse delay line and outputting a programmable con-
trol signal for the coarse delay.

6. The circuit of claim 5 wherein the coarse delay com-

prises a programmable delay line.

7. The circuit of claim 6 wherein the fine delay comprises

a programmable delay line capable of producing shorter
time delays than the coarse delay.
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first delay signal.

10. The circuit of claim 9 wherein the blanking circuit
includes a synchronous state machine clocked by thc clock
signal.

11. The circuit of claim 10 wherein the synchronous state
machine includes:

a pair of latches clocked by the clock signal and gated by

a control signal;

a plurality of logic gates receiving outputs of the pair of

latches and outputting the blanking signal.

12. The circuit of claim 9, further including a logic gate
receiving a master clock signal and the control signal, and
outputting the clock signal.

13. The circuit of claim 9, further including a logic gate
receiving the clock signal and the blanking signal, and
outputting a gating signal to the control terminal of the latch.

14. The circuit of claim 9 wherein the latch comprises a
flip-flop.

15. A circuit providing adjustable blanking of transients
for use during loading of delay data, comprising:

a fine delay receiving a clock signal and outputting a fine

delay signal;

a coarse delay, controlled by a coarse delay line, receiving

the fine delay signal and outputting a coarse delay

signal;



5vU410 YO 104 & ()-! Y 104 & ()-! F:10% & ()-10"10"10" s10% & ()- M3

- 109 & ()-MB5H [:vU410 ° 10%'{& ()-! KO 109 & ()-! KO 109% & ()-!

10%!1& ()-! ~ 10%!>& ()-! 0 109%!{& ()-'HD:|[:vU410 & -10% & ()-F
C-1098 & ()-F Y-10% & ()-F F-10%'& (haF K 10% & ()-1 0 10%bhVvh i) 26¢Bmv U410
* F3 109 & ()- 03 109X & ()- 3 10% X“ & ()- 109 & ()-F10! 10!10!

/0-109% &-()-Fn=X| [:vU410 " &LO0WX & ()- &L0%X & ()- 3010%X & ()- <010%X

. & ()- 3109 & ()- A3 109K & ()-XK|[:vU410 ~&I109X & ()- &L09X & ()- 30109

& ()- <010%X & ()- )&LOMX & ()- ' &10%X & ()- Normal" "Heading 13]c"
" "Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"

IR, U A S sty ot e
) g- Cl 3H#$&(: %, *. /| i@_ﬁﬁ @3%;1 ; Qb)tﬁaﬁrt@l%a@&j@ Cioc 51.%1_1&1; and
L] o PRI, gt Qv gt e
| HSU& () *+, -. /01 gn. adjustable bla ng signal to a control ter-
<=>? @\BCDEFGHI JKL inizRgRsf thevtyih for uskdaebigrkddgrirameden tsvinx theg | } ~
delayed clock signal.
16. The circuit of claim 15 wherein the latch comprises a
flip-flop.
- 17. The circuit of claim 15 wherein the blanking generator
includes an asynchropous circuit generating a variable pulse
width based upon a received digital control value.

18. The circuit of claim 15, further including a coarse
delay latch, clocked by the delayed clock signal, receiving
the coarse delay line and outputting a programmable control
signal to the coarse delay.

19. The circuit of claim 15 wherein the blanking generator
includes an adjustable pulse width edge triggered
monostable multi-vibrator.

20. The circuit of claim 15 wherein the blanking generator
includes:

a logical digital-to-analog converter receiving a digital
control value and producing a corresponding analog
control signal; and

a pulse generator receiving the analog control signal and
producing an output pulse having a width determined
by the corresponding analog control signal.

21. The circuit of claim 15 wherein the coarse delay

comprises a programmable delay line.

22. The circuit of claim 21 wherein the fine delay com-
prises a programmable delay line capable of producing
shorter time delays than the coarse delay.



