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| NCLUDI NG STRATEG CALLY LOCATED CENTERS FOR FREQUENCY PROGRAMM NG
CRYSTAL OSCI LLATORS TO CUSTOMVER SPECI FI CATI ON

Ref erence t owipéspsf8 Appl i cation This application is iR fdide?
applicants' U S. Application Serial No. O8/795,978, entitled " Progranmmmabl e.
Crystal Oscillator", filed concurrently herewith. The disclosure of this
application is incorporated herein by reference.

FI ELD OF | NVENTI ON The present invention relates to crystal =
oscillators and mreV!ORLDWHDEMARKEJTIN&L@GISMCSFNEDNOMVSt al oscillators
drawn frominventory 0 customer

speci fication as the'Wﬂgr%%mam % acture.
BACKGROUND OF THRORYWREQUENCY PRoemmmmﬁ CRYSTAE OSCAYATORS conponent s
utilized for timng purposes | n VI rtua ¥ al I forms of el ectronic hardware
rangi ng fromti nmepi eces to Ny, timng frequencies of
the oscillators vary widel -- Lation and the particul ar

el ectronic hardware in _.4,- ' 0 be |rrplerrented
The nmost popul ar Thigapplitatisnds relatedito BBP'@aniSWISaIAPDmtIDhﬁBuaL and,”

consequent |y o t he heart
of ovary cr yNp TR Th, st Rrtrahabe (lySla SRR, 0Bf tShdlepu e, e

| ong | eadt i nRerewiin.t The disciosarasf s applitatioroisdhdorpratecitieseilbya crystal bar or
I ngot is gro froma seed crystal. The crystal bar is x-ray examned to
determne th $%ct cut angle, nounted at that angle on glass in a

cutting fixture, and then sliceELDIOF INVENEIDNafers. The wafers are then

x-ray examned to confirmthe cut angle. Next, the wafers areﬁross | apped

to an appropri at eTherfresgnt fwention relates WQFY%QCPSFWE‘W"‘PFR&P@?' ™ seed.
The waf ers t hape Wik of oAt s&;mo@tﬁmnfrbmhmﬂmgoﬁdeméhaanawaﬂ ng

t oget her, shaping, un Xxing, internediate |a egnenting 1 nto

i ndi vi dual cfrequaricy progrmmed ity eustomer spemcamream sfmal productlon step :
2 | apping, W g@ ufatcﬁjg% sorting, gross base plating and nultiple
final platin g e5|gned to condltlon the crystals to generate a
source (resonant) frequencBA i Thi's process may

e o, prior Lo in a?msar"%U$'a§§?‘%&%“@eﬁgﬁtﬁ*g'h%edtfh&'g@%*? 9l Peing the

ingots into \om‘uenﬁall fdnm obelacironid hardwereianging onclimepietesiafl er s nust
generate in the cust
computers. Unfortunately, timing frequencies of the oscillators vary widely

depending upon application and the particular electronic hardware in which -
the oscillators are to be implemented.

The most popular type of oscillator is a crystal oscillator, and,
-consequently, they are in high demand. Unfortunately, crystals, the heart of
every crystal oscillator, are difficult to manufacture and require a iong
leadtime. In this process as traditionally practiced, a crystal bar or ingot is
grown from a seed crystal. The crystal bar is x-ray examined to determine
the correct cut angie, mounted at that angle on glass in a cutting fixture, and
then sliced into crystal wafers. The wafers are then x-ray examined to
confirm the cut angle. Next, the wafers are gross lapped to an appropriate
thickness and then divided to remove the crystal seed. The wafers then
undergo a series of steps, including x-raying, waxing together, shaping,
unwaxing, intermediate lapping, segmenting into individual crystal blanks, fine
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end product. Thus, custoners typically cannot order custom crystal
oscillators froma nmanufacturers inventory, i.e., crystal oscillators
generating custom frequencies rather than stocked standard frequencies. In
the case of cwosmmsystal oscillators, custoner orders are_typicall

pl aced before a manufacturer will begin manufacture. If thelﬁﬁﬁm rer
has a backl og of custonmer orders, it is, not uncormon that the |eadtinme for
customcrystal oscillators fromorder placenment to delivery is neasured in’
nont hs. To g3il.: ' ; ki | 0 pay .
prem um pri cgéséb 'ﬁ%éﬁgﬁa L%@ﬁi&?,ﬁb&d&#@%@ {Eﬁéf pigg#'é Eﬁam‘@@%"%ﬁ%ﬂ | eadti re
order with a staps,athdesigrsd totdopdition thermrysiais tegenarste asgmucd (resanaot) changes or

caci i1 atore dachend BeiHsR soRdfialio Rhis BradBb ERl fand bedi)L 2011V ©F 1€
subj ect ed t o Meraoedr| Rmushbe kaovgresarlysin tieemenyfastaling\pioeess, aiy), prive tassoci at ed

integrated circuit may nqot be sal able to future custoners. Consequently,
t hese conpo néﬂ?@ﬁ%{?teém?%%‘# {N §PMALCESES Bﬁ°rrt8\ﬁ§?'ﬂg e ipagts i w ai%’ g'apped‘

Di scl osure ofyidi@oliids Heighierities the crystdi waldrs AREPGSHOE YN e RRidpfdri ve of the

present invention to provide a wde area, e.g., worldw de, |ogistics
network for rendderodugs dhys caistomess ypigaly eannpterdepcusteragesstal he di sadvant ages

A O a0ack Sodtlialdr8 o £ Ma e S Vel 18] Uysdl BRI qHeRfig °0°, !

particularly Tn reducing nmes t s contrast weEks or
mont hs. custonn fraqiierneies ratnes thabjstacked etahdarddregudncies Inithé caseeofaspect of
the present inyentio

i St 11 buti ng SR 58 et fuetinienaldars AedBpgdiy BeeRthemfiang. 1 °

conpri si ng t hpafdifaaGreriwill Bedin ranalfzichge.alf v thatlfactarhr baslabapklogess center,
establishing a pluralit oscillatorragro ramm ng centers at’ '

of ]
geogr aphi cal I?U%?Wr%'ﬁeéi ‘E@s“"]t PHR%“?B‘ the'leadtime %P@@D@!fl o
3 process Cegi@ifatdr¥ fdntSraBHAREGHhER S dAREHOE fealifbd TR MénBfl Urd giin a supply

of generic progranmmuabl e oscillators at a production site. The H(t;.e'neri c
progr anmabl e sRarter leadimesgustamars will typically have ta pay gramivmeriges off i ng
centers to buj ' ' hi ' rogr ammabl e
oscillators a?isggéﬁuﬁbﬁéﬁ%nﬁbﬁgﬂgiﬂ?gﬁdgﬁ@%ﬁﬁnﬁg@gfgﬁn%ra osci |l | at or
orders are acmaptfadtuser, thecustother's frequensyispgcifieatioschangesr@yes tieng t o

i dentify specifications qf r ' rder. t omer
specificati ong?a(?ﬁé k%ﬂ%ak%?ﬁﬁagﬁ%%séiégt ﬁﬁfj“%‘ﬂ%t"gﬁ&e #@gﬁ’g cy, and
delivery dat efilhtie aidgrtﬂasgﬁdgun, thercgstlowns_ rtj/pieaw(tua'ﬁcm_rw camebiiatiort 0 sel ect ed
progranmm ng centers base cgpabi L.ty to neet. the custoner ordér

speci ficati on§t‘arﬂﬁ§zﬁ"}ﬁeﬁ\‘sg%%%s@Qﬂt"_égl,asﬁ"ﬁ'gfeé’g'ﬂﬁﬂg%e‘fﬁ" JB?YpQ‘JqEP a work
order, perfor gaiablaqo fitGiescustonvdrs.ndoAsdqEntly, GBsk RvRpbAENs megfUuant ity of .
generic progranmabl e oscillators sufficient to satisfy the oscillator

quantity specPrertuallyhavado pespverked QusimplysgearPeds ogr ans each generic
programuabl e oscillator to gen@%&ﬁw@#&&ﬁequency specified by the
recei ved work order, and ships the pr o&:ﬂ?mre oscillators to the delivery
destinati on speci f it iscaasprdingly ag ebjectue alidhepresentinvention to provida@dddelance with
anot her aspec L Swél L &,' @?k ' [ od of
manuf act uri ngtaEér)Jygt&;'l osng\lﬁ&#g?%%(;?‘ % | vfegrrg'gé r@e{}ig@%ﬁ%ﬁg ggg?t? fs(r:gg%q]ons,
conpri si ng t hevetcemss tHe disadiantaggs and drawbackd ofireniifionaherpstal ascitiatoa|
oscl 11ators ¢t RN aliReS, M5k pahRAHY ifleal 8RS Mlaimdt 1 81"

contrasted to weeks or months. _

To achieve this objective in accordance with one aspect of the present

invention, there is provided a method of manufacturing and distributing crystal

oscillators in response to customer demand, comprising the steps of

establishing a centralized order process center; establishing a piurality of

oscillator programming centers at geographically diverse sites linked to the
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frequenci es; maintaining an inventory of the programmable crystal
oscillators; and withdrawing fromthe inventory a plurality of the
programuabl e crystal oscillators sufficient to satisfy a quantity of

crystal oscil |woessasgpecified in a customer order. Each of t |lurality of
programmabl e crystal oscillators is powered up to read the f ml?mof a
reference cl ock signal output by the pr?gramrabl e crystal osctllator _and _
t hen uni quely programed on the basis of the reference clock signal -
frequency reaS&dgﬂsieerﬁér%yJééotﬁiﬁuﬁHé%rﬁWK diddRahurbEaMEES Sip ;gpsplf'ed by
t he custoner or ditional features, advantages and objectives:
of the presengenericprogi@mmakle psailaters et @ praduction sitee Thesgenepici on t hat fol | ows
and in part earned by
pract i coof t REoqATuapRYsEilbtold &' inér BofiBafH At nS'orttimbiing

PCT/ US98/ 0180 2enters to build up and maintain an lnventoryofgenenc programmigbiet | ves and

advant ages of th ent. invention w e al i and tai ned by the

appar at us par Pﬁﬁ'ﬁ?tgﬁ sagh HP@&*“B'HP‘QFF?“{ é'l%?wf'lﬁ%W%%mW?%qI%R”(?é%ﬁ ption and
the appended @rébéaptetatid brdafprobeddi et TORB BCObIrY D WidHify It will
be under st ood tha‘tﬁagoth the forg oi ngg,‘;%eneral dESCI’I“pytI on and the foll ow ng

det ai | ed descspgeifiegtions ef rﬁSP%ﬁs§e‘& QBN QTAEK: oTHP GHSPMATe | nt ended to
provide furth t; YRR %ﬁg

acconpanyi ng %Pg%ﬁ%égngr&e‘a%ﬁ g%i@ tdt’o prgd\ytaci?g%y t er ahder sta;@eng of
t he i nventi on dataland destination, aretammunicated as woskt ondatstoselestad of t he

Coget her wi ¢ n et bl ReSadhd Enably b} B g uliifint UBEC' O (R0

i nvention. specifications. Each programniitig eéntéi kcnespdmserto oécaimerf Brwork ngs

i : | t | t tilized th
 Soomt noobin bl B BoRE P R GG ok et A il enede” 1" "

progranmabl e Grggramimebie bddilRkars sGfeiRni 16 satily the oscillator quihtity s§e¢lﬁedi bl ock
circuit diagramshow ng details of the frequency nultiplier ut| lized in

the progr ammatnéheiegaivag wogk prdest REPgramsmsagh generic PTOQWWFPQP'G gsgillater

functi onal rketing
the progr ammqpéeg?%gét dgg%ﬁl gtéoﬁréwg Sﬁ:j‘&%@%%céi@é E‘Iﬁ ord, ?ﬁ;aia
schemat i ¢ bl ocships tagnpmgrammd@sgtlatprsetoﬁln@ liverd tﬂﬁastloeﬂnresmclﬂed by fe net wor k
of Fig. 4 a flow chart illustrating a presently
preferred met h'G N?&:wgtfko‘g?g%ﬂ ng the crystal oscillator of Fig. 2 in the
program ng center Iméccd?d@ceﬁlﬂﬂmhther aspect ofihg.présent Inventicm, theraisf or m of
progranm ng dat a rd utjli in the hod of claim6; and
Cor r espondi ng ‘?r@ﬂgoﬁ AaRetho @' rgﬂffugyrg;g $’8§g mrlﬁg??? g’e‘ﬁ'ﬁ?rﬁﬁﬁﬂ'ﬂﬁ?'ert he

several figur e@&fﬁcﬁf&sdémp the steps of producing a supplyRf progradimabler Carryi ng
Qut the Invention odi nent of a programabl e crystal

oscill ator, utWﬁE‘s‘ZFCflﬁtqrﬁg‘at E‘F‘é%'@'ﬁtd?mﬂaﬁ%‘?f randomly diffefipgted in Fig. 1.
Thi s osci | | at ofrecgidnBRa¥: M8ty &% Shventory of the programmable crystal oscillators;

and withdrawing from the inventory a plurality of the programmabile crystal

oscillators sufficient to satisfy a quantity of crystal oscillators specified in a
customer order. Each of the plurality of programmable crystal oscillators is
powered up to read the frequency of a reference clock signal output by the
programmable crystal oscillator and then uniquely programmed on the basis
of the reference ciock signal frequency reading to produce an output ciock
signal frequency specified by the customer order.

Additional features, advantages and objectives of the present invention
will be set forth in the description that follows and in part will be apparent from
the description, or may be learned by practice of the invention. The
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WD 98/ 34165

PCT/ US98/ 01802 in a variety of industry standard sizes and in two basic
package configurations, pin through and surface nmounted (SMD), dependi ng
upon the manngyg éghsyddi ch the oscillator is to be nounted in_its particular
application. The illustrated enbodi ment has six i nput/out puffCT{US8/01502

term nals, consisting of a Signature clqgck termnal 21, a dedicated Program
i nput termnal 22, a ground (VSS) term nal 23, a supply voltage (VDD)

term nal 24, i tur L pal 2 frequency
¢l ock signal %B{%Sﬁ{%%(#ﬁdg‘}“?%'@gé%%ﬁé Fb%ge“@ﬁ‘é%’gg&}'ﬁ‘é gé ?%Bi%gar%gi Klerr])
“termi ngl 26. dbdbtatfi:éd %ﬁbe@ppmatdsmtrﬁamialﬂytmidtedbemwxherﬂqMagmﬂug' 8 ngah ais
"entered via dedi cated Programtermnal 22 at a.timng controlle y

‘ proogr ami ng cI%&?‘%P?@g%ﬂﬂ%ﬁﬁ fggﬁaﬁs&?a'tﬁ ip W&SWP%Y'“%%

pr ogr ammabl e qry@ﬁ-,%. oscillator 20 is progranmmed by the programm ng data,
it produces a clock signal output iF[err]) on termnal 26 of a progranmed

frequency conf or ni Kavill be understopdhat batache foregoing gensral/aseriplianand a wi de
. , e.g., . . s ' f th
bresent i ventiitins beflisaMetorphiin 376 Breiflay A pBnofed) dided LT

read only nenintendédioNgrodde furthgr explanatioo ofithedhvention aselairded.a nay be entered

T obk pul ses. 2ot ] an pRooSAhRR VGY Ate Bfendad B pokBe BB o1 er Tht the
i rrebt he ozci | dritfefStariding mnelm;vegbtiqwarmlmnmp_ &a?amanﬁ;:?nsﬁm?atpanmr dat a
my e read out on t,ermna, a n Cl.0C ar. shift, ses to
termnal 21. Iwelsﬁ?%ﬁcﬁt'aﬁdb‘ﬁ%@t%%?ﬁ&é%ﬁ ﬁﬁ%°$"§‘eﬁtrﬁfttl?%ﬁ‘,"e‘ﬁtf?g" 809 st al .
osci |l ator pacggeiRe it in%weaeﬁﬂmni $8rii6 td @lpitsih i drindiplels oFie PReRtRMUCEd t o

four term nals. rograrmabl e crystal oscillator 20, illustrated in
greater detail by the block BREJIessNBIONIghe Dre

- electrically connegt : pads 31 3 FZirggl ' : jof CUi t
i chip (not shown) f%ﬁ&qe‘ﬁgﬁ%ﬁﬁ%%g%ﬁg@m a raﬁéﬂglﬂﬁegg%gg%ﬁi{e{ws to-
- generate a soupreserftimeotiomit) oscillating signal. This oscillator circuit

~includes an arrangen . Qf Sl ' | e onents

- well known in the g’@nﬁ}ﬁ% bAéc%]v.llnﬁg?giraggﬁe?@%ﬁéqrﬁ@@gb%% t%lloc{scggggescri bed
| here. The freaqsesray Fid. 1t he source oscillating signal, appearing at the
output of oscillataor circui.t 34, is.largely . determ ped _by the physical

| characteristics of cH'QréB'é oK C'Wgﬂﬁgfﬁﬂ sk&mng det%oﬁ%pi%ggncy

PCT/ US98/ 01802muftipljer utilized in the ﬁrogrammable crystal oscillatorof ig.2; = In

.~ accordance with a feature of the present invention, progranmable crystal -

oscil lator 20 accorfii@dhisafunstipnal bicek diagrapef a werldwide logislies BeWPEPh 2 wi de
range of sourc ﬁﬁfﬁrﬁ rambhatie bi¥rstal BSCilRfoH o Bid, hequency may vary from
crystal to crygltaaeﬁﬂ_#t in g range S\n@tﬁput lJ&gc(s)‘.par I | zQi ng the: capability-of -
crystal oscillator Fig §is astchemelie bleek diageans of pne of¢he progeanyningseatersiny
frequency specidf. tamer within a 380 KHz-1 75MHz range, for
exanple. In fag{#g?'ﬁgyoé?%ﬁgé&crystal source frequenci es need not -be known
in Fig. 6 is a flow chart illustrating a presently preferred method of

programming the crystal oscillator of Fig. 2 in the programming center of
Fig. 5; and )

Fig. 7 illustrates a form of programming data word utilized in the
programming method of claim 6; and _

Corresponding reference numerals refer to iike parts throughout the
several figures of the drawings.

Best Mode for Carrying Out the Invention

An embodiment of a programmable crystal oscillator, utilized in the

present invention, is illustrated in Fig. 1. This oscillator 20 may be produced
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advance. Still referring to Fig. 2, oscillator circuit 34 outputs
clock signals at a reference frequency F[lerr] equal to the crystal source
frequency, which are applied to a frequency multiplier 36, illustrated in

greater detai hwhogdai@- 3- The frequency nmultiplier outputs clock signals at
a frequency F[err] to a frequency divider 38, which divi des?® s?’(“égﬁency

F[err] by a programmabl e paraneter N to.produce clock signals F[err].of a
pr ogr ammed frequency conformng to cu'sténer specification. The F[err] and -

Flerr] cl ock nal mul ti pl exor 40.
Under the con ’tﬁ%’g{ Sgﬁ'&tét%%rofagogﬁ‘?c%ﬁwb%g %3&%%%9 net wor k 42 N
i nposed over l:mf@u#a’uonmmtmbnghnnmmemmamusm @épwhmgu.qpnalttse F[err] or
F[err] through an ou

t
descri bed, br Wﬁb‘"&'ﬁb@k‘%&"éﬁg‘l’@ 'ﬁ?%gFon 7 eﬁﬂ?ﬁwgmaﬁaéé%?% necessary
since this frendqiEiraied cpitddiherit hs B IfRbEIpEL umdeméletoehemmg row

programmabl e crystal oscillator 20 nust befpro gr amred gienerate a
speci fi ed cl oaiSignajuce alogiterminal 21, a dedicated fred awmtm' #RoBher feature

f th | ' | f | oad
i routty a0 an RSy mitafss, by laod (VOS] torifel 2602 Sgite O | PO
]capaci ti veFI[ oaﬂ]tplgte[nmiral 28 tanid eggrogragmedirequency plock S!gnaléiutplmck. si gnal

requenc er nto a ra Ve L
pr ogr amﬂyng Oi(ﬁdfggg&qm@gtg%%%&p WZ@E@%@ﬁ%é ﬁ‘%a‘ﬁgf’?g@#@h rel at ed
ng ' gaztlson CHﬁ Gdlaliﬂbgtow pfbgraiﬁmng:cda?hswmtétrbd Slaaclqdidtateﬂl?mgrarﬁ ’amlmal rcuits

an each include an arragy of discre apaci

pr ogr anmed |ntQ?Qtt?et"E'F'9§P%FF°“Ga¥’MM°Q‘,’F'F‘E{n9c %?“ﬁ‘@ﬁ? §L&)?&ﬁ|§a@<t e.g., .
five picofar agamnsiberwhiifofoRiinifibbie bl 65D 8 prRaihmbd t¥es | i nes 76

and 86, respectively. This capacitance |oadi u%) adj ustment is effective'to
pull the programmmg data it produces a clock 51gnai output (F,..) oryter@ingb2@pf 3 our ce

frequency up %‘H’? k signal
frequency to g!;mg&ue appr pr| a I'{)T{r“‘?go orﬁ%lrgs r&gﬁ%’cﬁﬂ Y&Iag%l | I ator 20.
Fi xed capaci t owithirl & wideirsdigepe. ngaQKhlzrta ﬂﬁ5 wmoanamrdanasadmferaturecr yst al

fer 30: Fi g. [ 6 | ud
frequency di vi e BesspRUimalioh Seschopl BB Biciidth 4d Bbhles &7, ' 17 00 0
Flerr] by a prmﬁmmméﬂlerwmmemo@ (mmpm |F¢<;2;ianmsmcuanmec| ock signal

frequency to ase detect r 54 of a.ph ked | 00 The phase
Iocggd Igop al daamay| ReRter (ﬁﬁﬂ%a'ﬂﬂvf% @%avgﬁfrgglﬁn} FF'B%F%‘Z' DRSS a \F/)ol t age
control | ed os C!Irtﬂngtc@ﬁtrélampééh’ﬁbmmst n;,,l) aFﬂme‘&lltﬁ tstirial gausyl Flerr]

going to frequency divider 38 in Fig his clock signal _frequency F[érr]
is also fed ba@ﬁ“‘t‘fﬁﬁfétﬁj@tH‘eftt'@%]@@r%?'"m}scfﬁquﬁﬂcltﬂoﬁwaﬁ? Bl of phase
detector 54. Qh\é'cﬁlﬁfo rhstﬁse duk Bhtd ﬁatgsgpfa\ﬁpwg%&% sagRDbI e
parameter P. Furt s of this phase |oc | oop are provided in

applicants' r epdswtodpmmda&h olfi this signaturendata ésaturetisamifiedotive arystalf r equency

i vi der par airel P pakadd bl bR PR oy AUMALHRIL B! C1 Vot 2

|l oad circuits rogramed via pro ng circuit 42 by
pr ogr ami ng datmnmalsered through Programterm nal 22. Accord| ng to

anot her feature of ent. U aI |
progr anmabl e cryst aémg ?8'ry§ Bs‘f'lb?ﬁq%iuﬂ t(%eﬁ Fﬁ@f'gﬁthq n
accordance W t blogk utagtamroﬂagl Jhclidessa aqmﬂslbnk 80 Hl‘éblﬁ&hlﬁﬂcdrﬁe&ed 4. The
heart of this petwork is i g ralized order, processing center, generally
i ndi cated at 78etweeppads3ien %ép?&raﬂ inteorated ¢ PhWr(BE'e‘gWSfQSent er, but not
necessarily ungdiizfks By ah osbiftater SlfiuitI4URIIAIS D JeRBidRS a Shiike (r&s8naMy) | dwi de

oscillating signal. This oscillator circuit includes an arrangement of resistor,

capacitor, and inverter components well known in the crystal oscillator art

and, thus, need not be described here. The frequency of the source

oscillating signal, appearing at the output of oscillator circuit 34, is largely

determined by the physical characteristics of the crystal blank 30.-
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ma'r ket forecasting 72 of programmable crystal oscillators 20 denands,

which, in turn, drives master production scheduling 74 in ternms of package
si zes and configurations. Mster production scheduling drives nmanufacturing
resource pl a”rWBQs/fJYBP) 76, that results in a manufacturing plan 78.

In conjunction wth worldw de market forecasting 72, |ocal rﬁ.}l‘p@pﬂmm
forecasting 80 of oscillator demand may_.al so be perforned as *a basis. for _
master production scheduling 82. As i ndPcat ed by transfer link 83, the -
imsast er p{/\%d gg} gg@e)aic%gredg%ee wizﬁ'a fgaﬁrgdof o 6#33%%“&%5{%@%%&%0 recast 7 2

PCT/ US98/ 01802rystal osciliator 20 accommodates any crystal blank that osBillatest witiaki zed wi th
t he master production schedu d on nunmerouys | ocal market forecasts

e 82,. ba .
80, to re-pl aM@%@"ﬁﬁﬁﬁ?%?%%’?%“ﬁleiﬂﬁ—'e"ﬁ“?cﬂetsﬂlé'ﬁe EQUPRY MR ¥i¥i ti onal
manuf act ur i Ng g a.vgtgpm@gn fg&ﬂi Wi,{é\@ﬁenepe%haﬁq_e@pﬂghb% gépdbqi@bpn 86. Since

crystal oscillator dema S extr y dynam ¢, the manufacturing plan is

repeat edl y r ewrysial osciligion2®teche programm Beinckisignalsat@¥ of t he

programabl e grys ' r I O QL) S figurations
I's predicat edﬁ#ﬁé@?@gj%@r@é&eﬁwthg%p ankggﬁ7mﬁgﬁe?g%mni cated to
a production feeinple Yindactithe diversearysia sgumptirenabhgiesinequbnatde knawnin t i es 88.
The crystal oscjillators, finished except for programm ng, testing, and

mar ki ng, are éﬁ"ﬁﬂ‘&l, as indicated at 89, to programm ng centers 90

strategically |OcaRSﬂﬂ'référrﬁa?ftdﬁigm!dfsﬁ“aﬁr%ﬁﬁuii94ﬁwbﬁtﬁtodkfs‘ﬁgmétfh as
unes determ ned by a consensus of the worl dw de

indicated in Fig. 4, in vo y )
and | ocal mar l«@?efﬁ'_@ﬂeefmgw Freceual tothe crysial F‘P‘ﬁf’%f'?qm'r‘@‘ﬁl‘ d in
| nventori es Coé%ﬁiga?d‘éﬁ%ﬁu&%%ﬁ%ﬁpﬁbh@&ﬁﬁ%ﬁﬁ%@%&&*ﬁ&én RIFigS. Why e they

awai t custoner ers. Isinportant to note that crystal oscillator

product i on andfréqueany owifiplienaitputs elock signals ata freauengyfpgtoafeaugnelent er sites . .

are primarily driyv [, r ' | Lng, not
cust omer order '.‘"de%b'%'@'%ﬁé? ﬁ‘gr ‘nggﬂé;{'%,, E‘?%_d@%ﬂ%&’%@%ﬁ%ﬁgﬁ?er o
crystal otspi I Itputrx]ﬂpceoﬂdg(signa:lmf-'g,dﬂaq)mgnahnilvédieedm?txsccbrﬁm'mnggél' tmrr by "
comuni cating their orders to agents al es partners oca nywher e
in the world uSysiemenspeciicalion gl%e}[wamgﬁe, ‘i °ktsil%‘apﬁ ?fSﬁPP?ﬁi.%F %%?%ﬁﬁ%i cations
links. The or dpjpstsab @ rGtisisest 400 Urenthealontreicof pretpamipontreidsgicth cent er 70,
again by any available comuni catlc()egs |I@{(ﬁ§?5. Eaﬁh cust oner o_{der S
perused as to E@&Fﬂmfi‘vgdﬁ&”‘?’bé@ﬂ'ﬁw SHYET ¢ irpHitiplexQl 4P pUtRLES &ifher,

| nvent ory 'evebﬁc@n%%ﬁﬁlﬁFvaér'P,Hﬁlrptiqg%éuw&?m&ﬁéo%téfnﬁpﬂ%ﬂﬂ@d 96 _by_ .
.inquiry over a conmmuni qaf’"l‘ ons  link 97 to a comon inventory control :
facility 98. Twil ke drscribed beinging glosk sigals Fuaout aeta termting! 26 iened@sEdYone of -
the programm Ngints Hiehraalshc) Rdned th blrahielars ubSPIdeMHIRE g der .t aking

i nto considerat’ion programi ng center Tocation relative to customer
delivery site programmablearystdl oscillator20 musidee progrdmmed /ta gengeate aol une or der,

two or nore praogqr ) C may be designated to fill the order from
existing i nventsa?iaﬁga é]gcksﬁaﬁa%?w r .

In accordance with another feature of the present invention, oscillator
20 further includes a pair of load circuits 46 and 48 that may be programmed,
if necessary, to adjust the capacitive loading on crystal 30 and, in turn, puli
the clock signal frequency F, into a range of frequencies conducive to
optimal programming of crystal oscillator 20, as expiained in applicants’
related application cited above. As described in this application, load circuits
46 and 48 each include an array of discrete capacitors that may be
programmed into the crystal output circuit in suitable increments, e.g., five
picofarads, under the control of programming network 42 aver lines 76 and
86, respectively. This capacitance loading adjustment is effective to pull the
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WD 98/ 34165

PCT/ US98/ 01802 9 Each order
is processed, as indicated at 100, and a final schedule 102 is prepared,
taking into fydspygegonsi deration the delivery date specified in the
customer order. The schedule i s comunicated as a work or dePEEPSHPL02 5
comuni cation link 103 to the one or noge progranm ng centers 90 desj gnated
to fill the custoner order by performng the final steps in the manufactur®e

of each crystal cil [ t W | cust oner
order may spec?f’fsga ﬁf’ﬂjl‘:é}ﬂ%ﬁ';}%gcy dgfor‘gg@h $§Ee§§§é§86 ?ﬁ'ﬁ\gta‘bggéfg%&%%nt ities, =
package confi gidoRisignabirequenoytas ealde bpproprigte forcoptiial pegranmitigfof equenci es,
ceni er 70 1 GSEHRPEAOT bia sHPIGIoR AR oV popinal PR BT | o os
in a customer jg¢ Qedtal katee3d.he order processing center determ nes that the

custonmer orders can be filled in all respects, including delivery dates,
confirmations of oAgsrenintkig: 3 imauency mufiplia 36 includagalreauenay divider

comuni cati on ' ¢ \g}gﬁ ; | I gn ra}rt}ﬁ stoners.
Upon conpl et gsni ﬁ&%"?‘ﬁ% thpro Eﬁc?%h&cg% '@:E&%@%*?ﬁ'}%@gr, tgéj crystal
osci |l | at ors 20arametenCiani appliepthecesidiadt signal Sfeqpenoytto aphabe - ,
customar-speci(zégg ifver d 5 iﬁ tio( L Th Q N i.nventory control
facility 98 tr of °iﬁ1?}é#§ it‘/‘e ZQP& E b ?Hépgg% 85%“@?%? ing centers
90 and so advihslaged'® BNErgs puimpEs, & ksopliilier5® bad aivallage!contidiedrasdiliatat ur i ng
plan 86 is revised to account for inyentory depletions on a_ real_ tinme

basis, and o83 thatPeeduses hegiecksigngl fred §M‘%@MF‘HW‘Y' 3% eni sh

t he progranm & NtBis | i Idisy avethroudhtd fré wth
up-to-date mar eﬁ‘&ﬁoﬁ%g‘gg@%ﬁé yrehgaﬁo%?’@?rdtl ue@g:‘b t he V\l;)rl dwi %Igﬂla%gi stics

networ k i || ust dividet64 tp #segond input of phasesletactrdd: RividerH divides fe i cust oner
d t th ' y! ; hi t
of “pr ogr anmed TRueHLBE 8 RigiEmeBleteranbgr s Miil: alseitipigtd o0 Pt

sevent y-two holockedioop esspro@ded éimapplicants'selatednapplicationhe crystal oscill ator
wor | dwi de mar ket pl ace, are ' . , hot

hour s. In c%?sﬁ%ﬁgéﬁﬁtﬂgh?@'é%%&@%%ﬁ%%%@%@ﬁ‘t%ﬁt i on, - each
programi ng cesghdif netebssy,erijusimeras bf gystatload cirduits #6randr48| ateust rated in

B S O e akab i bicth d2 by ooy s dhdrid Ut ¥

PCT/ US96/ 01802nrough Program terminal 22, .10  containers (e.g.,
ESD t ubes and tape reePs), as received fromthe production facility 88"

(Fig. 4), are w t hdheeRFAIRG tranothes fkaturp of the prasent daueation dheupiguRs of

cont ai ners 109 ; ' ; Il

appr eci at ed thg lﬁ%@%%ﬁ%ﬁ;ﬁﬁ%ﬂc@t@? é%gartfp%@eﬁﬁd? tlw}ﬁ_wltgzﬁe {/ r'bérggl%gndi'ng -
upon osci | | at oin adcordanae with@wryiswidaippigticsnetwark ifystnated inirig. 4cdiver ol of . t he -

per L o ne! e, bRt Rt SRR Bl b B el AR . ) ©
conputer 116 byndicatedat707 . Activities upporiing thé Srdey pravessing cémterybat matst omer ..
O T SR s S Y ot S5 Ak S o0 (o™
operator from gafkdtiforetaktihg 72 of programmable crystal oscillators 20 demands,
which, in turn, drives master production scheduling 74 in terms of package
sizes and configurations. Master production scheduling drives manufacturing
resource planning (MRP) 76, that resuits in a manufacturing plan 78.
in conjunction with worldwide market forecasting 72, local market
forecasting 80 of osciliator demand may aiso be performed as a basis for
master production scheduling 82. As indicated by transfer link 83, the master
production schedule 74, based on the woridwide market forecast 72, is
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el ectronically received fromthe order processing center and entered
manual |y via a keyboard (not shown), or by a hand held scanner reading a
bar - coded work order. To begin filling a work order, conputer 116 sends a
start signal expdesipies 117 to PLC 114, as well as the nunber_of oscillators
ordered by the custoner. In respanse to the start signal, tREVPIBOI8R | ates
operation of parts handler 112 to rennvg t he programmabl e cryst al
oscillators 20 fromtheir containers 109, one-by-one, and deliver them

successively to.a_progr. es Ltien indicat at 120. Here, the

osci |l l at or tef%l"ﬁ'ﬁﬁ%ec%ﬂ'ﬂg% 5’.’%‘%3’%?%‘8@ s%l?d{"%rﬁﬁﬁf%dl%’f n'éf"?@é'?/ program =
i nt erface boalgtal Markebfopesusts 80, tsie-plan thenhagfactussy plapy wisiciethoabl e cryst al
oscil l ator 20. Interfg%giﬁ b?ard 22 . take the formof a test interface

ma .
board commer cif@gulty iR mappisRupRAFesoiece plgpning MRELBG @d a7, that is
suitabl y modi fm&ﬂfécﬂnh@%ﬁs@r%ﬁ.&ewommﬁé&dahseﬁmﬁé@hymbj lator,

as generated by conputer 116. Such an interface board is alTready designed
t o handl e oscithé maoufackiing plepde mpeetedlysevired repienaed)i ng out put frequency,

vol tage, current, f dﬁg« i readi ngs
are converted to d{i?glé?a aﬁa%@%ﬁ@ﬁ%?@o‘%éﬁgﬁ%% :{E%g'f)')o}-%gé@erter 124
and !Pputtpverthdear&;dsmcm canmfiguraionsesis pitékﬁca;tleﬂ onﬁrt?dgmigslrxanugaum cuat omer
speci fications an r. .progranmin urposes .descr.i bed bel ow pon
compl et on of Hafnse. b FonFERlahdlp aaREn Hky Shod oA o 20 1 s
marked wi th i debtdphicaty tizgereea fadiities 88.21Thy ciyees bidilEters, fdistied ed@gpt beam
emtted by a laser 126 as controll ed by conputer 116 gver cable 127.

11 Dependi ng feppreginavRingctesing: Aod Fariing, are shippedvas indieptemt 8% ter f or ned
w thout novi ngwbggédﬂlmgaam%méda@éu?ﬁoéf RERG kb OST LT On 120 or

noved to a separ aser marking position by parts handler 112. '|f
conput er 116 dbtamghoutdbe wodd, as-pdicated in Bigd4.rig yolumes detgmmineddylaar osci | L.at or

fails to neet r L5 | | ' ' | A to PLC 114,
whi ch t hen con%%%’gm%aﬂf m%%gér é@@%@n%&%%‘gﬁcﬂﬁ%ewgicﬁéy oscillator in a
rej ect tray 124scillaforsi2eiarepiacedin ifventaridseonverliertdo eaahyoflibe | aser nar ked
prior to being deposited in the reject tray. cillators that pass
the test proceH&P‘%"BP‘B@FE‘%‘?’ ?'Eesé'}‘]’%%ﬁﬁ%awfé(fuﬁtpmteﬁgr ?’tt'ﬂ@ﬁﬂﬁ@t 112 where
they are re- paglpte fhat aiySial osdiliite iprodustiondind hvertolyolevels arebiisd atA count  of
the oscillators s naintai ned@tr)x the PLC as tlhgzry areégacked. As t he

cont ai ners ar evarioup PEROTEHMING eanter sifes g Rrimailydriven hydparkebiomeasting,s 129 to

print appropri ﬁg@mgmgﬁm@ P@nhRBShdt cu¥tbimehorefs. appl i ed to the containers
131. The filled containers are Eacked I nto shipping cartons (not shown),

whi ch are del i ver ed\sfurthersagndn bigeft. customers 92 enter srystab asciliater ardens |
i i S .. . L db
programm ng Ceﬂﬂhe%riﬁnﬁbﬁgw&m%gp%m%ng%’E}?eﬁr dr&?ﬁmf a§§net£mnne y

a single human operator. e only na s 1 nvolved | oadi ng-
cont ai ners 109(saldspadtners 34) focatadanywbere indaewbilditusing, for exdreplengnyt of the |

arts handl er, | ' ' Qut d of the parts
Iﬁandl er, packi ﬂﬁgaﬂbggy%#gﬁﬁ@'@k%ﬁ%%s 'ﬁ%pgbﬁﬁ}&iﬁgﬁo%%&egg%l yi ng | aBeI S,
?ndi/i n sone ,_caaﬁﬁalizwometpmceﬁsimg/ceéﬁenm hgaimbyraszy_ava_ilablet The90 e
es rogrami n rocedur e. per a_ progranmm ng center n eac
progrgmrgbl e cP%E&HWcS’g‘Eﬂsﬁ!“ggér gfghe\ﬂﬁgﬁmﬂﬁ'&@@ it iqsﬁgﬁug@gyg parts -
handl er 112 W phckas coffigliratitn, aAd thetéxasting Hveniohf RVéI8 @etHadakidud 22 (Fig. 5)
is illustrated in the flow charts of Flg Interface board 122 of Fig. 5

is  equi pped wPragramming Aeaters O alaeh 9@351 inayity everia,canymupigations o

control l'ed by jink 97 to a common inventory control facility 98. The order processing center
can then determine which one of the programming centers is best able to fill
the customer order, taking into consideration programming center location
relative to customer delivery site and inventory level. For a particutarly large
volume order, two or more programming centers may be designated to fill the
order from existing invehtory.
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conputer 116, an adjustable supply voltage V[err] to oscillator term nal 24
and V[err] (ground) to.oscillator termnal 23, to thus power up.the
oscillator. As illustrated in Fig. 6, the test/program procedure is
initialized i . 140, and the programmabl e crystal oscillator 20
electrically connecfsed into interface board 122 is power BCHESBPISG cp

142. Conputer 116 conditions mul tiplexor 40 via the prograrh control | ogic.
in programnetwork 42 to route 9 i

T o e and a rEOenS st oS indtaied i 40 and e fraieheede 8 en: ~°°h
converted to i#&é;%éﬂad,qakiﬁiwo firiRef 6heRderRtiontRd dalivbry BstelsPesiftédPinthe 116

(Fig. 5). n step 146, the conputer determ nes optimal values for

the P, Q andcustamer eder. pEesrRedyls isgormunicatad ias» werk OFess) OWRF & or nul a
Flerr]=F TORHOGREE #6818 WR(t 6 For |
o v °= bl lon CIC8 i o o AUSESIAARATL YRS o, 0 10

cited appldi tcau'esiﬁpat'edtdﬁll thld\g_a:tpugeomwy\at[erfmm?g}mml Lrsiem indlhe](cji vi der 52 be
programed to achieve a.conditiqn r r] cloc i gn requency
applied to on&d urg pf gFch oty t°§\é\$]§ﬁ$’?§§- ﬁﬁw'}'r?g ﬁﬂ?ﬁ?éa‘s%@l?gan? oop circuit
of Fig. 3 is icistbier brtesmayspeciyfitirabyiésof(cetilibiors20 ih vhtiods quisiities,

43. 059KHz) . This neans_that the P ﬁg%m er of divider_ 64 nust be

t |
progranmed t o Package ronfigyrations, signal t@,functiopalitiese And freguanciesesftency
out put. by COURfyifidtehiCidiféty tdaibnd aiRtbatel. RBURadiHrEcssingSenief 762 L0
the Flerr]/Q clock signal frequency to achieve stable phaSe | oop | ocked
circuit oper ataquippedibmesadily acaem amhercalimfsuch varighies in@ austamerof N f or
di vi der 38 (Fi ) I oe . evi .
Speci 1 ed by (et neR i oL BicReldhd o dtmiils b HEubbir Gkl |
accordance w tdanibedilist iryalpreapedts,dncladieg delivenpdates, raonfiramatipn$ptondpr speci f.i ed
by a custonmer order is stated in ter f.a target fre ET pl us/ m nus
an accept abl e a;ee@pga,argfgpﬁg%%QO Fﬂe'i%%a(vb%?wgﬂfatmnﬂ%@%% WAR: i ndust ry
st andard freqqg@yh@mgﬁbﬁscumemse@tmj |lators is 100 ppm which is
0.01 % of the target frequen,Cé F#errl?. Wiil e the range of each of the
progr anmabl e par amtiPepgompletipa of inal ptpdyction #3RogEMIRG CRAERINS ders to

achi eve a F[ ergdoibiQebiilBfre s tre/pdchbd ahd Bro2b8dedf 108%oF sHigRertfto the 395 - 43. 059
KHz and to achieve an F[err] frequency close to the custoners F[err]

frequency, t hecystamprpaeifiedgelivery destinalionelharamraemindgrtonfonipin cust oner
speci fication, i ' BV factor .
P/ QN t herefor efagrr'gg nof‘a %?é'@dﬂ?ﬂ’et&?gée‘%' ?@B&%'ﬁ%ﬁ&t&%%m%%s&g%%ﬁ acy. Thus

t he obj ective smlghadvisestrhanufaniyringresource plapning@4i Jhesnatefasturingeplam opti mal -

Cpect et on, B nEvisglf Mlokainiadty TREoRl b AR IAI™ o 571 o

det er mi ned opt dgillator production 88 is adjusted accordingly to replenish the programrhihg

conbi nati on of P, and N val ues .according.to .t above equation, and then
center%ventory to appropl%ate eve{s, orgslstent vmt% up-to-date ﬂ\a et o

forecasts. L
By virtue of the worldwide logistics network illustrated in Fig. 4, 2
typical leadtime from receipt of customer order at the centralized order
processing center 70 to customer shipment of programmed oscillators 20
from programming center(s) 90 may be seventy-two hours or less. Currently,
leadtimes in the crystal oscillator worldwide marketplace are measured in
terms of weeks and months, not hours.

In accordance with a feature of the present invention, each
programming center is basically configured in the manner illustrated in Fig. 5.
Programmable crystal oscillators 20, paékaged in industry standard
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determnes in step 148, whether the calculated F[err] frequency satisfies
the custoner's ppm specification. If it does (yes), the conputer then
executes step 150. In this step, programm ng data bits representing the
determ ned optywednadys Q and N divider paraneters are assenmbl ed by the
conputer into a programmng word in step 150. An exanpl e of PCR{USo8/01802
programm ng word is illustrated in Fig.,.7. This programmng word is entered
via the Programtermnal into the regi s1t0er and stored in the PROM of .

rogranmng n r Kk F i shed b :
ghi 19 ting t%e g‘ﬁ'ﬁ%’@?ﬁ?ﬁg V\%br B@ﬁta g“?#??&%'ggra Sl%e%e%tn@"v\%%ﬁ%‘g%ber vi a %/he
Pr f)gr amt te [ Ew fatléilitﬁﬂB {Fig. }:r),earep\ﬁ?w'dmm' fn:rm Mgebtbq mmnéd&toﬁa?bu{fﬁms aff shift
ulses to the Flerr err r a a rogranmn
\R/ord has been“é'&f?'@? 89#@’&'4’@“%66188?%%? h@“‘ﬂ%”tm Iﬁ\b‘g@eﬁpﬁ“ﬂ%e‘gorrgl ete )
step 152, it | Hé@ﬁam@éméﬁuabfb@tsvharﬁne?rﬁd vlafy déﬂ:@nﬁhﬁ%éﬁ’ﬁﬁahﬁof ead only
menory (PRO\/) of the program networ PROM nay t ake the

formof an ar sizg asd mmwnﬁm@hpmr@p@ahmw%rqlobthsmrtﬁﬂaewetﬁe control
f th trol
o e 00 i/ Bty 8 ol o 1 !

with the currdng cemmmthdmmcamimerciaﬂy pvmbbls; PCrooepatible, cotxipat@rlogbym t er m nal

is held | ow and t oI ed t ile clock
pul ses are apﬁf" élg? g["f‘ﬁél’ﬁ{leéfl ?g@pﬁfaéﬁ?orﬁ&crﬁsﬁnger%rﬁ '?%QE%?%@P?O the -
successi ve cl Qh‘ekc@mdm%eltﬁéieiuéetl;ea&:bdmmﬁcétb@frambé eentraliged orledl residing in
the shift register are serjal éored IL.n the PRO\/Ieléher b l’Aﬁcgvmng or
not bl owi ng f (PEREPSSINGCANIEHEC E'ber(fﬁi tq@ﬁméﬁedsqyeﬁ? opppator, @T‘Ial“é%BP shoul d
now be progr afaia‘éi’rop %f&%éﬁé&frﬁﬂn%& ofded B?Hc%sé?ﬁg béritert &id Britéred hatiually CLK[ err ]

of a frequency con to custoner specifications of target frequency FT
and ppm via a keybqant(nweamovm)erpr bysuhand Reld peannepeeadingaibarnodeds ..

assenbl ed int Q’%‘%k d%'rgnﬁ:t ﬁlﬁﬁ aw pgoﬁ&%rdlgbéﬁ £Qs{ iGiEs any

i nformation a oner e uni que to
each progr anmaveebus tT?SIthlLC m#t‘.laslveallas tﬂ@numbeﬂofmctﬂaomrdenedchyéhent ed ID

nunber, travel er Shtom arMPTBE AR o 9 sthft HRLE 1 193 ittt Sherktidd &%&lgg

pur poses, et .S
assenbl ed si gridndie? 192 télrentovettios pmgtanmabléﬁﬁj)stal osdilfetors 20fromatheérr as t he

f t t b to th
o1 agr e ng. neRAMERS ALBcnsr Y Pae. Brd gy e piEERSSIL P & PBBRI AL o

CLK[ err] appligskition indicatbdat 1210 13é1d, hadcihortenflinalsl21096 aiidontRE@dst er into
PROM 50 by an additional string of cl ock puI ses CLK[ err ener at ed by

conput er 116. by terminaigsfadtestiprogram intagrembaang 124 tp RoWRIcESs 8ndor ds have been.

stored i n thel grehRRPE&H oborBRnMble MpbE/oddalt 26! IifrrdBbibdifa 39PAEA © ar eas

of a single P e next step Is o verl ythat the now pro
crystal oscil | taketheformiots test intertace beardeamiuercialy gvailable foumPBANINGg to the

t | t t
Che output of Sh<FouBE A, trafisSfifdon? hotifien 5o fandfe pibofiiifing ificid D "1 ©
pr ﬁgr anmed f { etheandsyal @Bclgater sg’ehbr?t;gbynumpms etrgl‘lsc ISush gnilrhterfﬁ{edm:lra}'céI and

t her paraneters.are read i uch, ot her paraneters. i ncl ude
\?ol tagg curr e"%t &Y9?’9%37&?3‘?98‘3#&%5?{/%&@983&%@"&ﬁ@s 86‘(9 9 ¢l ock
?I Ignal s 68; e lr]geaftﬁuttfmthe,g RaKaGR caretit] llsewaidion, ahd aﬁtylc@ctamﬂgt down

step

e conputer deternjnes in step 162 that the r anmed
osci | lator cl obRes§ "&ﬁ 0% BrR camye 'béate@s@‘ data hyanpnalag-tordjo E‘Vﬁgre
speci i cati onschdyehbh 13£8RPRpS: oveh BatBlb(S 125 10 ESmbie Pfe fgpcénﬁpéi'i"sﬁﬁpt ed (step

164), whereupon it is laser marked and then packed by parts hand
against customer specifications and for programming purposes descnbed
below.

Upon completion of the test and program procedures, each oscillator
20 is marked with identifying indicia, preferably inscription by a laser beam

emitted by a laser 126 as controlled by computer 116 over cable 127.
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112 of Fig. 5 into a container 131 at the output end of the parts handler.
If not, the oscillator is rejected (step 166), whereupon it is directed to
reject tray 128 by the parts handler. As soon as the reading is taken in
step 160. the ¢ ggged oscillator is replaced by the parts handler wth
t he programratﬁggggs“m |lator next in line. I f step 1FSTHSMMIN2cs

t he custoners ppm specification is not rsﬁt by the conputers*Flerr] .
frequency calculation in step 146, it is'then necessary to pull the

t al illati . f . f i th
ool o %ty JpenRlincl e ERENeos ARfladtalih, Iaker MePlid mid BEHIMeg (" 11T 1 o
46 and 48 in \itbut fhovihg théprogramimed bscillatonfrone programitese positiarp1 2076,
e E e b orfbRvacop 4paRarS 14Sarnarkr Rascp iy Pare APaf A 1o goapimet ¢ o
adj ust ment mﬂ@d&&nﬂﬁéﬁﬁéﬁ%fe@trﬁdbihg& Bt Blparticicr bssihaaetsils ffedthus the

Flerr]/Q frequency) to a predicted value that will fine tune Flerr] to a
frequency t hat custometspesifications, a fail signal isseptted.C 114, which then controls

15 custoners fql | : ey f r anmed

adj ust nent s of Bﬁ?a%rg&?ﬁb%sg@f %gggk)g&g%g%% '?@#e%gﬁsé%?%vi ded in
appl i cants' r eHesired, thefhiletxscillator Gaybeliaser aiarked pridrdo beipgdeposted@ and N
values is then repegated for the pulled (adjusted) F[err] frequency

predi ction, anH‘etrE’gc'rt&Val culated F[err] frequency is tested in step 148

agai nst the cust onepscilRitsns #it pass thattestprodeduidsrogress td a sttpan13tofnow net
t he sequence of sta?_{os 150, descri bed abo are fhen
S

152, 154, etc., | ve,
execut ed. Howeth&pa rhaS'F‘?bq%Whe‘@rtp%Y gie rgrpacked qut%?m? trysfanda for
“programmi ng '%E;i-.ginégﬂéﬁ A%ﬁpﬁbfﬁ%@éﬁta&ﬁgmhﬁmﬁéﬂ@m?wweﬁm ng word

illustrated in . . characteristics of crystal blanks 30 have
not been test edrépdckedhAs e contpiners are filled; compwtanhif errirols g pripter t3hnot . be

D e LSt T ot s aab bifd hefirg e RREY AUl SRR 416 abPfediofid 2! | 0ad

circuits wll e requency. - In this case, ppmi1s not met
in step 148, i conmainebse13fiesThedilled contajners anrerpackéed imto shipping sartatisdneti n, st ep

174 is executed_in the. sa O to determne the extent to
whi ch t he freq&gﬂ‘w)'Wﬁ@ﬁgg%&?tggﬁ%gﬁtﬁqgﬂyme conmput er then cal cul ates
in step 176, opti majtidseen thatrecchlprogramming censr ©08ds aotoiviatedtodide extent F[ err ]
frequency, as pulled (adjuste and, assenbl es a programming test word
(step 178) i nclﬂi‘ﬁ}i“@aéﬂ%hﬁﬁ?%fgﬁ ?é‘"g}e%%r}?pﬁmé%%‘a)ﬁm?@galdeterm’ ned in
step 176 and thpefdtivhé fivoled brelobding comaMet100 iR with sibgiamingble This =~
programmng test word is entered in step 180, and the Flerr] frequency is

read (step 182)osaMlators-akthe/inpyt ofdhe parks Randler; loading empieconiaingisddl gbm-
. specification i erfo bris Kt irfgHie ; i
progr anmm ng test?eagt?gt assefnﬂlt‘)% Fe’?ﬁ% n-st erb“i}g% | n't gtcgﬁtag'fsé;ﬁe’iﬁﬁﬁém ﬂ|g'(ri‘gogr'a'rm'i ng
‘word in step 13@rtoss @pplyingiabasand]BEoms eases pomputarentry ot workarders. - . -

d i bed above. . ' A

spoct {1 cation 15 notheevblogfariRipy ociuft BRimen BF ofSerafie Pitier,

di f f erent cryst9l orpedch pragramivicible cripstal oscilididr 20twienl placddn position 20 byst ment -
d | cul at ' . val { 176) .. A . '

and, ecal ol 2 cllr ra s R bt o 2 ™ 0

frequency is rdgdiusated inthefioarchatts of Fid. 6.0 irterfdcetbvard C1B6fFIGI58 ppm

specification in step 184. This subroutine nay be repeated several tines
until the F[er rﬁqWRP@&Nﬂ&'@feﬁB@&ds H@ﬁr’]y %ﬁ%mve'atapew. 3 cprolled by

computer 116, an adjustable supply voltage V,, to oscillator terminal 24 and
Vs (ground) to oscillator terminal 23, to thus power up the oscillator.

As jllustrated in Fig. 6, the test/program procedure is initialized in step
140, and the programmable crystal oscillator 20 electrically connected into
interface board 122 is powered up in step 142. Computer 116 conditions
muitiplexor 40 via the program control logic in program network 42 to route
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PCT/ US98/ 01802 16 184). Only then
is a progranm ng word stored in PROM by conpl ete execution of step 156.
From t he foreﬁgigg/g“gfscri ption it is seen that the present invention
provides a dranatical |y inmproved nmethod for narketing crystEFfV/eEPII%t or s
to custoner specification. By virtue of, .the crystal oscillatbrs being
frequency programabl e, crystal nmanuf adfure can be economized and

expedi ted, singe the necessity Qf.processing the cryst fers to
oscillate at eNgs go ﬂﬂ?ﬂﬁgwgg"f)@s'p%&s‘"a?gam?gaﬁT@dﬁﬁﬂ'%@?@ t hey need:
only osci || at gaagingf(sepUaBybfthe F ffieqaentyds tikengearverted exdigitalidata byl hus,

manuf act uri ng steps, suc s, etc i nternedi ate and fine | appi ngs, and

h a hi ng, :
sel ective pl aNQ?W”Ph@Z‘E?%fPQImﬁ%!%N?ﬂf &S ied frequencies, testing
and sorting, may QEsE?Hﬁ%é&nﬁﬁétdeﬁ?miﬁésmihfal\‘?éiues_c’ibrﬁx\éqﬂ, §ldn@ nated. In

fact, by virtue of t sent invention, crystal oscillators, manufactured

to customer spaividérparameters byoealewationhased anitmfosmuladiri=e cB/(N&)a cust oner
and subsequent ne : ﬁbﬁﬁe e |4 #00 e
scrapped corrpf'vt%@uef 'gﬁqﬁgg{% ?% mnygﬁgéﬁﬁeﬂw@aésﬁ”t ka@ﬁ@?g@%e can be

r e- manuf act ur 444i nt o progranmabl e crystal oscillators 20. “In terns
of custoner benefits, a j.or vant age, of .the present  inventi is the
elimnation of | onés ;W?ﬁ;@_ep@?@(@@&q aqpé{g%@wtf%a&gngge%sa@pfﬂg& may be
forced to SDr?Sa@ﬁfé@r%famgsnbfpwﬁrmma% a6hisvees Bonditiod Wissredfey@ys i n new
product introductions, face inabjilities to neet product depmand, and/or

resort to hi gwlqch\sismabi@%aw apRfied to ARS iNPHEEf Rhase detectas S4/in the @8R er sites.
I f new pr OdUCH?&SkB?g%;‘tchﬁ)BFF@!’@igﬁk@%ggl’of nggggggmﬂbrefé,gb?cast ed mar ket

acceptance fai erialize, custone subjected fo contractual
penal ty char get, 395Ut y43.08¢hiriu Thisgneansdhatdhe Pasereter el divider 84, cont r ast.,

short | eadtines S i I H'J?&‘fé s to match
t heir product i'B‘r‘?ﬁ’%%%qggﬁ\\éﬁggEé@{ugb%n%c}b&t@ge:’“qggb%kts gg 0 Jﬁyst in time"
i nvEn_t ory contdgugput barmd?meg‘jﬁﬁmdméam:r inpyt btpt;asamﬁf@tdrl ir Seds equai to thet ﬂi al b
work in progress nd finished goods .prior to  delive N Wi e
readi ly appr e?rdpégo 'Q%ﬁsq‘é ?%?rff%vetﬂ%blgpgﬁer %ﬂ?i‘iﬂ‘g‘ﬂ f:'r%tat ,  While
t1 f;e for _egloi tng dbéﬁétt ﬁi':pthWeV_b@imdﬁmgramf t'r?iewpadlubmnprtw?mmwmmér?! ed
oscillators, the principles of e.present inventio e utilized in
t he manuf act ur3s &ig 2 e} i"'bﬁgb?""?ﬂmrta’@?b %P%F’éﬁfe&%ég?l y
progranmabl e dguidrRst, a$ssdh fsm HeUboE @RBAtdN, 0gi ¢ arrays, progranmabl e gate
arrays, progranmable tim ng generators, programmabl e anal og arrays, etc.

Al 'so, the present im@aesaraaneevithdndustry pragise. euenr eutpyt frraugnainabl e cryst al
?3&& )af or's t hilacfibd by RRtdMdHofadr WRERA ftmis brE trhefiichusnby ge- control | ed
plus/minus an acceptable accuracy expressed in ppm (parts per million). -
The industry standard frequency accuracy for crystal oscillators is 100 ppm,
which is + 0.01% of the target frequency F;. While the range of each of the
programmable parameters Q, P, and N is provided in the dividers to achieve
a F,./Q frequency within the preferred range of 42.395 ~ 43.059 KHz and to
achieve an F,, frequency close to the customer's F; frequency, the
programmed F,, signal may not achieve the ppm customer specification,
because P, Q and N are typically integers, and the factor P/QN therefore may
not yield the specified output frequency accuracy. Thus the objective sought
by the computer in step 146 is to determine an optimal combination of P, Q,
and N values that meets or beats the customer's ppm specification. Thus, the
computer calculates an F,,; frequency using the determined optimai
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Whil e the present invention has been described in the context of using a
standard m croprocessor-type crystal blank that oscillates in the range of
5.6396 MHz to 27.3010 MHz, as noted above, it will be understood that the
present i nvengy), be achi eved using an industry standard watch crysta
mass produced to oscillate at 32.768 KHz. In this case, t he PEEUPTRLLE0R 5y
phase-1 ocked | oop frequency may be achi%¥ed w t hout the need*for frequency .
divider 52 in frequency multiplier 36 ot*Fig. 3. Crystal blank 30 woul d

then in effect, be gou in dir drive relation with.the se- | ocked
| oop circuit. @ﬁ!@ﬁaﬁﬁtﬁd‘éﬁ@ﬂg&%gwfﬁﬁg @paﬁ;&gg eﬂ?ﬂlﬁ’ﬂc?'ﬁ)‘gﬁ’,e"ar e
si gni fi cant |y detsimirRsie BiebViais] Waether the ealcola e, fledpenayrsatisfidsthe f ur t her
econonmi es in the production ofﬁﬁ&ﬁ)%ambl e crystal oscillators in

i

accor dance wi tOWSIOfer's PRESPECH dors,(ves). theiromputer then executes; i || be
apparent to t@# Iyl | i ' | thi | and

vari ations nmay e1%d‘htﬁgs% éb{%ﬁmﬂg?ﬁyﬁ? %Seﬂggtgtéﬁgﬁg?\?\mk of the
present i nventaptimahPs Qpand Nelpddaripatemetens are essambled by thetdomputerdntoiaon. Thus,
it is intended,th . i ' di fications
and variatior@oﬁh\"ﬁai, gﬁﬁ?ﬁ%ﬁﬁ@é@?@é%%ﬁ#@%@"ﬁﬁﬁﬁf t he
appended cl ai rnustr@ted inlFig 7e qihis/ programming word is enfarbd viacthib Sdogramt s -of t he

i nvention will be apparent tq tho ski. | . ed. the art from. consj.deration
of 'the Spect 1 {BTRNBIRE G Faite] T8 Torompri RN & Arodbmina AR AZ ' 1 ¢ 1
i ntended that e oypeaiap 152t THIS sitipds axcripiieRed Sy sIfting e probramigenpl ary
only, with the true scope and spirit of the invention being indicated by

the fol | owi ng wordiinte the programming network register via the Program terminal 22 by 18
CLAI M5 inati ; s ML i Sipr 1 but i ng
pr ogr ammabl e tl\rafgplgfatlggiogl e@?ﬁd}ﬁmﬁnrespgﬁg@ﬂ gg%ﬁg?g'rergjl’ﬂ 8nand,

conpri si ng t hetesmiapk26. of manuf acturing a supply of generic programmbl e
crystal oscillator r .'lr'ﬁﬂ' Lla. | | huti ng the supply
of generic progr an}éﬁg‘%&trh%s@g#g@sci ﬁg({dg}agbaerergr?atse?éﬂgﬁ%*ﬁ& ality of crystal
osci |l I at or pr opgfogramming hetwark segisterte cgmpjsite stap 162t isdherenan-valatilelyi nked to a
centralized order process center. b onmuni catj twork to maintain

an inventory og%%ﬁe W%Pfﬁpma%ﬁﬁéé’aﬁ%?%%@gwg?ﬂ& plgeram |
progranm ng cefépork 42 of Fig. 2. TS PROM thaitalid the Sorfiest apy »efy < k8! er cust oner
orders for crystal oscillators; rocessi ng each_custoner order at

the order procWhich@ehe@ipctvsly Qi@m P'P‘gﬁr“ﬁ) ol BENE BFRIrTMING OB SIS e d
customer order theté?ﬁ:n %@?eé'rfdn@ﬁﬁé Broprar €bell Rehic MEmibibd A B pfogiarhi ty and

out put frequency, i very date and destl nati on; _communi cat'i ng
the customer onhelwok 42 W®this endi@nd imgeqordance with the current embodiment of

the present invention, the Program terminal is held low and the V;,, voltage is
raised to a high level, while clock pulses are applied to the F,,/C,, terminal.
In response to the successive clock pulses, the data bits of the programming
word residing in the shift register are serially stored in the PROM either by
blowing or not blowing fuses. With the completion of step 152, oscillétor 20
should now be programmed to generate clock signals on its terminal F,./C,,
of a frequency conforming to customer specifications of target frequency F;
| and ppm. .

In the next step 154, customer-specified data is assembled into a2
signature word. The sighature data word includes any information a customer
wishes to store in PROM 50 that may be unique to each programmable
crystal oscillator 20, such as an auto-incremented ID number, traveler
information for trouble-shooting and QC tracking purposes, etc. The
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comuni cations network fromthe order process center to sel ected
programm ng centers based on capability to neet the custoner order

speci fications; and each programm ng center, in response to receipt
of a work ordgjoesspsform ng the steps of: ' | from
inventory a quantity of generic pr ogr ammabl e cryst\g%&ggwsﬁ?ors
sufficient to satisfy the osci | ator quant ity specififed in the
recei ved work order, programm ng each generic progranmabl e’
crystal Iyl v. cified by
he aszafiblel fieflie WardiRUEUrEh fu 56 h il scrh R asiRE

programed cr \fescquiencsprogtantming word intsiep 152, i.e., entbeéd bidby-bitdntoitinat i on
specified by the received 0 . . Th t hod fined in
SPeCt e, Y oY B o S rppram tormi 2 o Bk BLBBE R,

19 conmagpiiedtd el 26 @nd thieh cocked ot olRisTegister frito PROM Be by

programm ng centers to deterpine inventory |evels at each praogramng center
site; i n@n aeditional siing Hgélﬁéfﬁﬁs?ﬁg% gepersted by camputeni 1i8e of a

resupply of the geng RuleSFards Rb SeerPétred i
shi ppi ng the gener m%ggﬁm?@%%sci | I at or resuppééegént he
@h

programmi ng cetheirrespective PROYsawhich irepractice mosy be separsts are singlevel s
t her eat . T ' ' ' | | st onmer
order processi RéOM'gbgs‘fﬁg%gﬁgPﬂgrﬂi@gt {hﬁé‘%@%%mﬂw Wétg' ‘S%g'\?@’opi ng
schedul es of Mn?luowghferftammmﬁﬁewencbeopﬁoag_ ingttu’theg:ustunﬂerrspeciﬁmih
comuni cating the edul eg to_t he. pr ogr.anmmi centers. such .t hat e
recei ved work BP’BJ@‘@F?%‘°&§%M‘8§§°%‘§E‘H“%?%&%ﬁé’%‘ﬁ?ﬂ?‘“pﬁ‘ sequence
appropriate t OtdWiRBIF,,,%{Eg tehihal ey aﬂ@ﬁrﬁzare@aﬁirﬁé@wbdamnﬁwﬁf the eetiligter wor K

e ne

or ders. 4. et hod defi in claim3, further corq)risi ng the
steps of: outpptplecksignals,F e rBd Gther PaeamRgiarsiase read iasigr 1R&: 4Bt or s:
schedul i ng genefd Eml hel | t,ﬂ,eq, oduction
site in antici gg"tefgﬁlragﬁ? e (??evgggéééc?ﬁgrg?}éﬁlgggﬁgiaﬁgtagé dderraﬁ‘céi; and

adj usti ng the Oneetheeutputslanksigials are rerd dhe proprasymeghersiaboseblatari28t ors  at
each of the pr ) i | LE) | f st ed
crystal oscillad o&%ﬁgﬁ‘gﬁ&%"&)' ?.Smé Eﬁgﬁtﬁg{iﬁgﬁhﬁg? F’nset ?%é E(Hagflh% 1,

wher ei n t he pr pgporamined oscillatorclecksigial ppm anel garameters inteexd satisfy

B P 50E RN s, BBl g e
progranmabl e crstap 364 wbelcdupdoit is laser marketVand dien gatkedbpgatsamijerstep is
e he” B P Bumamniire 15 ot BT ek BRI e 50 pu
frequency specinol @5b B3tilldiét i§ RjétteGtepBH), WHétBhpon it is directed to reject tray .
128 by the parts handler. As soon as the reading is taken in step 160. the
programmed oscillator is replaced by the paris handler with the
programmable oscillator next in line.

If step 148 determines the customer's ppm specification is not met by
the computer's F,,, frequency calculation in step 146, it is then necessary to
pull the crystal oscillation frequency, (and also the F,,; frequency), inthe
requisite up or down direction by appropriate programming of load circuits 46
and 48 in Fig. 2. To this end, the computer executes step 170, indicated in
Fig. 6. Adcording to this step, the computer determines, such as by
reference to a lookup table (LUT), what available ioad circuit adjustment:
would be effective to pull the F,, frequency (and thus the F,, /Q frequency) to
a predicted vaiue that will fine tune F, to a frequency that satisfies the
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nmet hod defined in claim5, wherein the programming centers performthe

further stepsvwifossaies testing each progranmed crystal OSC| | ! ﬁé SE 0
determ ne an output frequency of a si gnal gener ated t hereby;

rej ecting the programmed oscillators n the output frequenty fails to ,
nmeet the out put frequency specified b he recei ved work order. 7.~

The method def her includ
cval uating craidatenshft %éé%f?@t%we@%%? A bERY IR bl 7% o' ot oo

i ncl udi ng, i nadjdstimentsrof iaadocitcpibs 46 amd]d&am/accamplmwdtls provided ipul se

i aim o, uner bplcane riale SicRipn. <o 1€ ot emouiatng e Pr O aREN g o |

nar ki ng each priRem ?éﬁ@aédqaﬂmblpanéu (adjusted) I KLS elgbatidyPrédietich, @nd the 9.

The nmethod defined in claim8, wherein_ the marking step i ncl udes scrlblng
the indicia ommlﬂtﬂ Bag:rﬁmﬁﬁﬂ%%ﬁ#ﬁﬂﬁmﬁéﬂﬁggﬂnﬁgéFUStﬁ@Qfﬁ ppm 10
The et hod de Bn.C P%C‘f‘ggﬁd olviGetS If‘eo% stb‘}’s t he

pr ogr amm ng cgh Ara ar ekgw ut r‘ﬁgﬁ aut cg‘rrg ﬁaﬁé\ééw 0, 11 The

met hod def i neds2,mMsel, efcmdescribedtabove, averthensxagutethe Howeysr, infstep 150 _storing

or ogr amm ng. o EiveEh Pal porRBBIE 147 YA opd Brelih B and @ de

recei ved fromak§émisle@ifits theqrograimening word illustfatsttinRig. 7. pl ura: ity of th](ca first
containers at an input to .a, wor rality of enpty
second contai ners ﬁphgﬁctgm%ofgfysﬁl]éf%q@ha\f’eeqxqt%eenges%ecpb%gqeb ‘¥'i cally
feeding the gepathss &é%@ﬁﬁ(ﬁﬁ)ﬁ'@aﬁ@chbéﬁd?bépﬁédiétédl{matptﬂliﬂyéffe% first

containers to one or nore positions in the work wher e the st eps

performed by mrpmtr@ﬂ@%s rﬁ%ﬁi@p%&ii%ﬁg@ﬂlﬁ&emme . -
automatical |y Fegﬁl pégﬁ 'ilf? %ﬁ?@}mgn@ﬁﬁg ih&tey fuss Ry beVadsithBletde®  second

containers for lver est| nat1 on.

21 12:erforrheubmuhmj1'taemmw,|smp:17aﬁ imexecutechiorthe namha\qmnggr amm ng -
centers perform tion to each
second contai (e Step ﬁdj{ &?ﬁr@‘ﬁﬁee@ﬁ%&tepx t?%(]ﬂ@?}ﬂ ﬁpeg!"'??]éﬁ %%herel n the

programm ng  qaiedr '$h@enrhpmtaﬂhba chlcukatesrin steppi 76f optineal |Pn@ Ind dbch pr ogr anmed

O O o i STRR Sasba RIS Hhad s ol BssL U B BeRAH 0 i vor oc
cust oner specigddsembled %%ro@r@ﬁ‘lﬁilhé teRpwbRE(sfpeIT8) Mikiuding the dataite@ftieng a
suppl y of pr OgP anLErI\%I l\?vacl{:)e/ss Eieatlem?l?xgé lnl gtttag rl';’sé and the crystal pull data bits

determined in step 174. This programming test word is entered in step 180, -

and the F,,, frequency is read (step 182) and tested to see whether it meets

the customer ppm specification in step 184. [If it does, the computer converts

the programming test word assembled in step 178 into an assembled

programming word in step 150. Steps 152, 154, 156, etc., are then executed,

as described above.

If step 184 determines the customer's ppm specification is not met,

step 174 is performed again to determine different crystal pull data bits that

modify the load circuit adjustment and recalculate optimal P, Q, and N values

(step 176). A new programming test word is assembled in 178, entered in

step 180, and the F, frequency is read (step 182) and tested against the

customer's ppm spaecification in step 184. This subroutine may be repeated

several times until the F, frequency meets customer specification (step
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mai ntai ni ng an inventory of the programmable crystal oscillators;
withdrawing fromthe inventory a plurality of the programabl e crystal
oscillators sufficient to satisfy equantity of crystal oscillators
specified in onmer order; powering up each of the plurality
of programmuab emggﬁétal oscillators; readi ng a ref@F@W@?%FWéquency
out put by  each powered-up 'progrannablg crystal oscillator, *and . _
progranmm ng each programabl e crystal Rcillator on the basis of the -

reference fre n r.eadi n r.oduce, progr.a st al oscillators

t hat out put .él%gﬁoﬁﬁlyéﬁ%'gﬁgﬁ’?é E%wg%%Pﬁ%éB%hﬁhi %ngzﬁnar order. =
15. The et rexdestihiofetep 156¢! ai m 14, further conprising the step of
testing each progranmed crystal oscillator to verify that the cl ock signal

frequency ther eof FEGRING RESOPIGdescriiionilyis sgen thatthefrgsentinvention 15, The
et hod_def | negloliiodh dkfhaal iiph§VeE FAAR Icf ARG ot oBkilatoRal Uat i ng one

or nore chardcteristics of the clock sign frequéncy outputte by each
programmed croustamerspetificatioos By vinuedt thexwysial eaciliators beingdleayency | east one

of signal wavefor . . 17.
The met hod deﬁ’f’ﬁ'@@'ﬁ‘%ﬁl‘%ﬂ .s%fﬁ“ﬁﬁﬁ{r@%éﬁé@%@ﬂ%&%&e%%gge% M8t ori ng
retrievabl e cietneoessityd af processirgcthe prystal wafersitocoscillatd atapecific at or . -

18. The net hod defined |{n im 15, further in¢luding,the step of

Tar ki g each PROGRERAEATAEGE IS4 pOR et ek nens P SBRISIERS | ndli o1 o

WO 98/ 34165 frequencies with a wide range of frequencies. Thus, manufacturing steps,

PCT/ US98/ 01802 2 The

2 19.
met hod def i nesuahypsatening, infermadiate and fine lapRingsnand;salpctive Piating ST € i bi ng t he
indicia on ea : 5! fodd ' in -
20, The et heaeHLpAERBRpeGfAP RS o anfscling mey Ll ebaddin,
osci | | at ors r durption,isieplified,wrievee etiminateq. dn fackibygdite ofithe pegsentence - ¢l ock

signals of ra | | E ' ' j ividers for
G Vi di gt e PPl lystePbaclibtors SHHRE o of BIHBRLH Yikciicbiiin Bof'6 012 1
Q respecti vecaivalistidnoaridetivared fosa custbmeli angl subsequently unneeded hesaudee i r st

di viders and sgecond. di viders far dividin oop frequenci.es b r ogr ammabl e
paraneters P, OBRAKeL 'PP&é‘eFﬁi g*’%ﬁ%’?ﬂ@‘?‘i“?’ﬁ?‘e{?&#@r’ﬁd“B?ﬁ&’?@gf%%ked | oop
out put frequeggleas thy clsREy G Yeanaiuiadtived isto Brégrammablieagystale cl ock signal
frequency, the programm ng step for each programmbl e crystal oscillator

i ncl udi ng t he O8¢ikFHIsAC calculating a set of values for the Q P,

and N parameters bat&thsdF cBStomRFlbénidf®s) a major advahtage'df e dre&rt Q N, where
FT = the custoner-specified clock signal frequency, and Flerr] the read

reference freinyentign is the eliminationftienaigadiinagyr Gustpmgrsafacad witbilong ng t he set
data in the plasiiies i bshalABSpReR ordfis among muitio enlibclfsl: °9 200 o
~and third div isdﬁersde_layscih p'e\derosyuct ihtodmtious.;ia@ajn@ﬂiﬁgs tomat_t pragactanet ers. .
TR AR R e T .
Flerr] /Q [ er rclistofher sites. If new product introductions are delayed or abandoned or
| forecasted market acceptance fails to materialize, customers may be
subjected to contractual penalty charges, supply rescheduling or order
canceflations. In confrast, short leadtimes afforded by the present invention
. allow customers to match their production to actual market demand, take
advantage of "just in time" inventory control, and reduce liability to
manufacturers for material, work in progress, and finished goods prior to
delivery.
It will be readily appreciated by those skilled in the electronics art that,
while the foregoing description has been directed fo programmabie crystal
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KHz; and F[err] = a frequency closest to a target frequency specified by
the custoner. 22. The nmethod defined in claim21, wherein each
programuabl e crystal oscillator further includes a programmbl e | oad
circuit for QﬁbUﬁ&ﬁﬁQ the reference frequency, and wherein the nethod
further conprises the steps of: det er mi ni ng, based F&TUEMUIR, ence
frequency val ue obtained in the readigg step, data bits appropriate for _
programm ng the load circuit to achiev -

23 an adjusted.referen Lanal frequen val ue. t hat.. enabl es fine
tuning F[ err]Ostcgla%"?-ﬁﬁ%B‘i’ﬁé{%éﬁﬁé@’%&ﬂé‘b@}quﬁaﬁ%ﬁ '&ﬁ\zeﬁ?%'aﬁency speci f ized
by the cust onmanufastdre and distribatinni of gthieh éypds lof electronicallyipregrama@ibimmabl e
crystal oscillator to proqqramth% l.oad circuit. A et hod of

23.
progranmmi ng c98Mges; sughas Rragrgmmable Jogic;aays, RragrapmablR9ale ATRYS: generates a

reference fregidgrimmanié hhlihg?’bﬂéﬁéi&ﬁ}ﬁ’ébﬁrﬁiﬁé!ﬂélﬁﬁéwg bABRES ef)dARoP! ural ity of
progranmabl e frequency dividers electrically coupléd to the crystal for

ari t hneti cal | Yrepsesent invgntinn is gleary:.applisable te pragiammabletcrystal @saibatoesn out put
frequency w thi o | b SLNg, W th
respect to -ea@'ﬁp%'r%ytélgéﬁ a&.&%@ﬁr@?ﬁéﬁ?&fﬁ‘g )@%;agdtgp &adgemn%gw*gé)t he

ref erence frequendithile the preseméingentiam has ieen deberibediin theodontext piuding/e di vi sor
paraneters for the freguency dividers base n,the reference frequency
readi ng; asEa&?F@{mgﬁpﬁ%aéPﬁéf"xEﬁ Whﬁ@g}'ﬁ@ﬁ&? Iatesndhe ﬁ?@er”gf erence
frequency reagigags MHE tol27.3090MH, ae thotbdatone, ipallid@irdersicatihatihson;

conparing the cal cul ated output frequency tq the specifjed frequency range;
S or g She deTeBRR FERNtAN A1 R SSIeH MBI a0 ieA Ry SERRdRr] WHHEh CRS o

oscillator, ifnakbprdembedicrdsRMattiital7e81a4 ARGHs tasd, She\lddieR I6We speci fied
frequency range, whereby to programthe frequency dividers such that the

crystal osci | phass-iogked logereauaney mayheashieved wihewldhe needifon freaenseci fi ed -
Crop of readi S5y g2 AEndRleRRn riiphGRst oG, £ Ehveiat iaht p0Shuld oty 70, e
wi thin the speffectj baicéuplaglipeingct diivg@elation with thefphasatecked idopctinduit.i ned i n
o S L RS RLvRR6 b bop B AR Y o
conpri sing t hexpérsjve thén microprocessdetype iwrystaty farter@doromiesi it thpar anet er t hat
e S gl bl SHBR, . pidhoes T b P
REPLACEMENT  Slifivaftion may be achieved. . . -
It will be apparent to those skilled in the art that various modifications
and variations may be made to the worldwide marketing logistics network of
the present invention without departing from the spirit of the invention. Thus,
it is intended that the scope of the present invention cover modifications and .
variations thereof, provided they come within the spirit of the appended claims
and thus equivalents.
Other embodiments_of the invention will be apparent to those skilled in
the art from consideration of the specification and practice of the invention
disclosed herein. Itis intended that the specification and exampies be
considered as exempiary only, with the true scope and spirit of the invention
being indicated by the following claims.

Thi eet Has Been Replaced

T

SUBSTITUTE SHEET (RULE 26)

THIS SHEET HAS BEEN
REPLACED




o recal cul ati ngyit @%Qggermf%«agpy based on the adjusted

reference frequency and t I'Vi sor paramneter conbi nation; and
reconparing the recal cul mljmlﬂ Hquency to the specified frequency
range, wiRkgiel the [ ' ncl udes storing the_determ ned | oad
circuit paraneter together with the determ ned divisor par 1802
conbination in the crystal oscill ator,}%/nereby to al so progtamthe_.l oad
circuit to product the adjusted referefite frequency. 26. The net hod

defined in claim 25, further includi ;ﬁ the step of reading the generated
out put frequency to verify that it f ithin the specified frequency =

range. 27. 4The ARiekiod of afanR@turing @ha idiBtitiuting @fystdl Bstiltbisdh ng t he
step of determning a different conbinati on of respective divisor
par anet er s bJ8eRPNSA tq pustempr damand; earaprisingthe stapsaficy wherein, the

recal cul ati ng st eg%%@iépﬁ{i?g&gﬁ“?égéﬁgr Aebss &nmidrhe adj usted reference

frequency and the ermne ent di visor palameter conbination.
28. A nethod of pstablishing apiucalifisefarysial ostillaipoprogrammingicaolecsiéthg a  cryst al

R L S L Y P
the 1 of erence Tt ehueney, - - pronram the ascillator Lo generate an  out put
frequency wi thi - erpetina s SPBY R REySHRIoEemmAP e GYRBLIRIRE St ng, v ¢ h
respect to ea&Emg[,m;tepsci | lator, the steps of: readi ng the

reference freq eng o determ ni ng, based on the reference frequency
readi ng, a conbi naistdputingthe sunRlvafigeaert progiammakie sevstal esgillgtorshe f r equency
di vi ders; ; | ' L onbi nation in
the crystal %@8?9#%@(#6% prrca)%r@%r?inér?ﬁgﬁﬁr@%ﬁgﬁx@@v%@?ﬁé@e@uCh that the
crystal osci | pragrammahie cryatakoscillaters iap each progapmeing center site; r eadi ng. t he

generat ed out put farcggﬁﬁﬁcéf thOler process cahfdr BbameP grde%for crystal

PCT/ US98/ 01802 conpari ng
t he out put fresgilterg; reading to the specified frequency range. 29.

The method defined in claim28, further includjng the st -
determ ning a par SHRTRSSIGERh Gheine et & i Hiel Brachre SHERTIEReR o ¢ ne
crystal for agpabiicatiéhs dfeach bRicesss dusimir deder, thb spBeficiioRs includfguency

reading falls outside the specified frequeqr@ range; . storing the
det er m ned | o8gFilaterqHantity and Autrut raguencheansdelivery tate and destiprtion:r anet er

combi nation in t hf‘co?t?rﬁ&%i@étin@%ﬁé blstdrér orders as worordefd\Gveriigiod defined in
claim?29, wherein, 1t the new out put
communications network from the order process center to selected
programming centers based on capability to meet the customer order - . -
specifications; and _
each programming center, in response to receipt of a work order,
performing the steps of:
withdrawing from inventory a quantity of generic
programmable crystal oscillators sufficient to satisfy the
oscillator quantity specified in the received work order;
programming each generic programmable crystal
oscillator to generate the output frequency specified by the
received work order; and
shipping the programmed crystal oscillators to the
delivery destination specified by the received work order.
2. The method defined in claim 1, further comprising the steps of:

TH - .
AR Y R A 1 swestuTEshesTeuEz | M0 T




frequency falls outside the specified frequency range, the nethod further
conpri ses the steps ahisSheetHasB F’EEW@P% ning a different load circuit

paranmeter for readjusti H“‘HIMH nce frequency; redeterm ning a
di fferent cw@gggai' on of i visor paraneters; US98/

the redeterm ne Ifferent load circuit paranmeter and reggferm%e

di fferentf conbination of divisor paraggpters into a register to temporarily

programthe load circuit and frequencydividers accordingly, such that the
crystal oscillator generates .an dj g@_ new o ut . frequency,

reading the adj u&@&%ﬁ%?ﬁ?g?%qﬁg%r peess ce Eé%abgélﬁﬁmari ng the adj usted
new out put fhRgkAiMikg centefsao deftminedaventar (aveitcat eadh prigraning center

reiterating the redetermning, re-entering, rereading, and reconparing
steps in seqg®t®ice a |limted nunber of tines until a generated out put

frequency falls wlilidh ty'fie SR phdcBSs bomerRaMabaRs drebagsly BRpganent |y

programm ng the | oa It an he frequency dividers.
26 3generiticeystal pregrammpeblecascillators; #neh 28, wherein the determ ning

step cal cul ates val u r ' ' L\ jﬂﬁpﬁt s that would
generate the out ﬁpﬁﬁthﬁgﬁé%ﬁ%‘%gg g?.‘ﬁ#%'?ﬁ’%ﬁ?ﬁ cy t'r?émge and a
di vi sion of pligrdmrmihgroehter eitasciniquentities ¢y restgreitieslinventarylaveds theested | oop i n
the crystal oscil]ato tEhat fc'a%%%gmr’;glaﬁgp ae%%ﬁ(r)\ ?Icg og,lgre&ggpcy range -

~entering

conduci ve to stab¥liz A networ k

for distribu wsgﬁ@%gmmmdégmstepgbﬂ;l ators in response to custoner
demand, conpfri Si a centralized order process center for

ng:
receiving cust ONE&VGMK}Q&S*WW%PW?T&IW%GXPF‘&PBF?Y the pRo@MRB8er or der
speci fyi ng achtt@F%FM of crystal oscillators and an output frequency

wi thin an acceptable range; and at | east one programming center for
recei vi ng cust onecoromunicating\tbe sehedgiesit thecprogwmuming gantersfch thaframmi ng
center including. . ' i@ Crystal
oscillators, Qhe féceived work ordgrspaar? ? geﬁdg%og%%cﬁg?é%rg@ﬁgf y ee"glang t he

progr ammabl e sequence appropsiate tomsest tHeadaliverytdatesspecifiad by dentegeived nt o a

test/ program posi tion, a conputer electrically
connect abl e tWPrEQEders. programuabl e crystal oscillator while residing
in the t eat / prry metmpa defined infciim 3¢ Aginer oemprisireptiersgepsiof.a vari abl e

ref erence frequency generated by, K each connected, . pr ogr ammabl e
crystal oscil | at ofore¢asting gysiem rd%’ﬁ’d"rWStaI"scﬂ%?-ammd to compute unique

frequency divi der spadRiiRg Sérferic programmabRSGtilRtbr fRddfdchire ethee . f requency
readi ng, effective to rogram each connected éro rammabl e cryst al

. P . 9
osci | | at or t cproduction sitejin-rntigivetiomofdhe frrecasted crystal osgilietar demapdisanek i ed
frequency : i€ Py A aneters
into a pr88@%%%%}%%&%%&%{&%@58mogrg’%my%b gﬁlgtrefls;tal
osci |l | at or t catmaock otthepragrammingicentarssitas iroanticipation okthedordcasted an

out put frequegrg&al %ré:‘?lg%tr%gmng.eaCh programed cryst al

5. The method defined in claim 1, wherein the programming
centers perform the further steps of: _

powering up each generic programmabie crystal oscillator;, and

reading a reference frequency output by each powered up generic
programmable crystal osciliator,

wherein the programming step is uniquely performed on a basis of the
reference frequency reading, such as to program the generic programmable
crystal oscillator to generate the output frequency specified by the received
work order.
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oscillator to verify that the tested output frequency falls within
the specified frequency range.

27 33. The network defined in claim 32, wherein the programm ng
center furtheggl es neans controlled by the conputer for nar kilg%neach
progranmed crystal oscillator with identifying indicia. PCT/E98/01802 o
network defined in claim32, further including a plurality of ) ,
geographi cal |l y di spersed programm ng ¢ ers. 35. The network

defined in claim33, rein t rogr ' center further.includes a
printer for printifg | |@eth%$§%!ﬁﬁﬁﬁ%%ﬁ%fewwm@“mm ed with -
programed cr \ahits GiHorm'tRd Rirther steps o, 36.  The network defined in claim

32, wherein the conputer is further progranmed to determne a paraneter for
a programmabl e cr ytesting eaphpregresmad arystalascillator to detprmine eneutpt er ence

frequency in gmﬁr : Jraquency to within the specified
frequency ran&g,aﬁan og%%%h%ﬁéég&egﬁné}ﬁ%aﬁgad circuit paraneter into the
program nenory to mjexting the progiacumbd-oscillatars when the output fregqheseydaiidio adj ust ed
reference frequency. 37.  The network defined iin claim32, wherein
t he corrputer,?Eﬁ%ﬁ%r%‘&mewm@’lfﬁeﬁﬁ@?g)ﬂgqaafecg'ﬁ?éwgﬁﬁ%%ustorrer data into
a register in eachyprogriysthod defiedl in @R 6, d#hereirdiheqssting steplarhér from't he
test/program position by the parts handler. A progranm ng

. p > | . 38.
center for prdaglugas evgluating charagierstics of ieoangraied, sigRgleSUmR out put frequency

within a Specier?é%t%rfsﬁeyﬁﬂagitng,ra@%guﬁﬁwam?umaquen?y. at 1628t briGpuey  Of

programmabl e crystal osci , arts handler for serially feeding the
crystal oscil |veavefam; dmmﬂﬂ.‘t@r@nté@é)mng{ am posi tion, a conput er

el ectrically connegtablg,4 ﬁeﬁ’ﬁﬁ'ﬁeﬁﬁé(c?ﬁ)aélai@%cthféit?fhegﬁbgr‘érmﬁiﬁg' ding in the
test/program position for recerving a readi ng of a vdri e Teference
frequency genetenters perforasibe furthenetepoaf markisg abcloprogrdnamed osdillator vattnput er

bei ng programmed t.q determ ne uni que frequency divider paraneters, based
on each ref er JABRITYING y reading, in order to program each connected

crystal oscillator g o gFRemetiddaiefined Mdlaii s; wherdy the mikingisiep speci fi ed
frequency range, enter_the conpyted frequency divi qliaqrtgpararre ers into a

progr am nrenor yinFiHdes,sgribing the indicia pp paeh progeammed, pRql USINGRBEET pr ogr anmred
crystal oscillgdpps, and test an output frequency generated by
28 each programmed crystal oscillator to verify that the tested output

frequency falls witi n Themaihad defipad in daimeh wherein e steps perfasmed byhe
progranming ceplafodiaihiiefcdrilers'ane Bxetited iHBhMlondted Hidhfer. . .
11.  The method defined in claim 9, further comprising the steps of:
storing the inventoried generic programmable crystal oscillators at
each programming center site in serial order within first containers as
received from the production site; ,
loading a plurality of the first containers at an input to a work cell;
loading a plurality of empty second containers at an output of the work
cell;
automatically feeding the generic programmabile osciilators serially
from the first containers to one or more positions in the work cell where the
steps performed by the programming centers are executed; and
automatically feeding the programmed oscillators seriaily into the
second containers for 'shipping to the delivery destiriation.

* c L M s *
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'rreansl controlled by the_co eJl@épIéEEﬂ ki ng each programed crystal

oscillator with ident™¥ ”'ﬂgé : 40. The programm ng center
defined in claim 39, fj d“l] [Eﬂw aprinter for printing | abels for
application vb&ﬁﬂiépi n |l ed with programred _cr

41

st al
oscillators. The programming center defined i MX’&M‘%
wherein the conputer is further progr d to determ ne a paraneter for a
programuabl e crystal load circuit in ch crystal oscillator in order to”

pull the referencg fregguen i n.a manner 1o adjust the output frequency to
within the speci f“i%ed ?ﬂ%ﬂﬁw INRg 0 Q%*%N?@ke'?h?ﬂ«g?f@mﬂ%ﬂ%d | oad cirecuit
par amet er 'n&éirt{eﬂafteﬁbﬁﬂfr@mmep 6@rﬁtiﬁ@fa@§lstfb.ea2ma&i&i tb@ach, such as to
achieve the pulled reference frequency. 42. The progranm ng center
defined in csegomdZentaingér ei n t he conputer, upon receipt of custoner data,
enters the custo d | [ ' : crystal

R, 3hB il deringl i i & WRAGIR the BiGPiRIRg

oscillator prior omt program p y the parts
handl er. centerterfoith ¢éhedfutbersstep ofstoring inreadh progsamimed oscillatoB8, wherei n

the crystal oscillators res | vely i rystals that generate the
ref erence fPﬂﬁﬂ'@ﬁ'b&%gsmc'ﬁeéﬁﬁwe}%ﬁ?('ﬁgﬁlﬁ%%? equenci es, respective first
dividers for divigi ng\ ibibod ef manuiactufing arystat oscilidiors o diyessenabl e par anet er s
Q respective phase | gcked Ioo'gs,l,ncé udi n nputs connected to the first

i
di viders angGuste®BRePesniFAlRNSs corpprising hgistePS|%op 1 r equenci es by progr anmabl e
paraneters P, a”dprbﬁﬁaﬁﬁkisﬁﬁplyBt?ﬂgﬁﬁrfﬁhéiﬂééryfsﬁlogéihﬁt&isﬂg phase | ocked |oop .
e

out put frequenci es by progranha araneters N to produce the out put
frequenci es, whermaintaining an inveniasy pregrameeblefrysal asaillatorsquency di vi der

paraneters byeqﬁ Z{Nﬁ}l\’&rg&in@%o?n ﬁﬁ%tig{é‘p‘td:f?,%‘bﬁﬁafti?[g; %.%%@mmea}e@ﬂg@pr aneters

based on an I'on [ [err re
29 F[err] = dsbitlatorsssuffinient $psatisfy 2 quanticef aysialascillatorgepeciiedamd Flerr] the-.
read reference clocknﬁggnal frequency, assenbl es progranm ng data

i ncl udi ng t h&USOMSEPrEeL

lculated Q P, and N paraneters; and stores

t he progranmi ng dpbwering ligeadhy of heapluratityosf\programrmablecorystalostillators; second,
and third dividers to divide by the calculated O P, and N paraneters.
44. The progr anmT9R§nNGAeierey W"FWE%PHF‘?M%GEW%GPHNM conput er

cal cul ates tf‘ﬁoaghngmé&?stgoé&mawapaﬁﬂ val ues, such that: 30 KHz [err]

Flerr] /Q[err] 52 KHz; and Fl[err] = a frequency closest to a target
frequency within pmram@msa?sb Pregrgmmaplecgrystalpssillaton en thashasigof the 45,
The progranmm t ' il ' ' ystal '
osci |l I at or fu%ﬁéﬁaiﬁqugﬁéys@g&g?&jﬁfﬁ% #gbquggyﬁrﬁﬁ'?ta la%‘%‘ adj usting the
ref erence cl ouscillatagsithiat butoyLealogk signal freiquendyrspenified biriha eustaarer ni nes,
based on the érggﬁj reference frequency, data bits appropriate for

programmi ng t ‘oad circuit to achieve an adjusted reference cl ock signal
frequency val ue tHat eThdmethoddefinedin ciaimP{4; further nompiising theated dfed

frequency rapge, a0d b ghemned 15y da Bcfibd:rd Vo) RaPba U siRAPTY 10 Program
frequency thereof conforms to the specified frequency.
16. The method defined in claim 15, further comprising the step of
evaluating one or more characteristics of the clock signal frequency outputted
by each programmed crystal oscillator, the characteristics including at least
one of signal waveform, puise duty cycle, current and voltage.
17. The method defined in claim 15, further comprising the step of
storing retrievable customer data in each programmed crystal oscillator.
18. The method defined in claim 15, further including the step of

marking each programmed crystal oscillator with identifying indicia.
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c} rcuit. 46. A met hod of manufacturing and distributing

el ectronically programmabl e devices in response to custoner demand,
conprising the steps of: manuf acturing a supply of the

pr ogr ammabl e ﬁ““%ﬁﬁﬁ% at a production site; di stributing the supply
of the programmbl e devi ces anongst a plurality of progﬂ&ﬁ#ﬁﬁ@” nters
at geographically diverse sites |inked., o a centralized order  process .
center by a conmunications network to intain an inventory of the i

pr ogr ammabl e devi ¢ggs e r I ng center: . _ ccepting at the
order process cen?i r gtg? W#ﬁ@%%ﬁ%ﬁ&ﬁa%ﬁ‘%ﬁmﬁ” -
processi ng ea@Blugessaibiig the iheliciaibn ehch prodeammed 6 stal 6svillatdr dsing glent i fy
speci fications of each processed custoner order, the specifications

i ncl udi ng pr@é?r_aﬁﬁﬂ"hg data, and delivery date and destination;
30 CoOMUNi GRY | NYhé hdtifodsdeRRBA irPEISIRT 4, Whelih therd§famntitie t he

communi cations network fromthe order process center to selected
progranmm ng cenystal escillgtars respeetivelyinciuds crystalatbat ganerate seferance slogler

speci ficationg; ole ' A | & recei pt
of a work or dg'P“g‘ggF f P %mm%éﬁs%%é}%%%ﬁd &wﬁ%&?ﬁﬂ@ﬁi&ﬁw g from

I nventory a qthereferenoafclqokasignahiredplencies by praframmableparametessi@, t o- sati sfy
t he device quantity specifigd,jn the . . receive rk erder:

el ectroni cal | ??P@é’?éﬁ‘ﬁ?ﬁk’cgﬁ%h"ﬂ? Wﬂ?‘éﬁ@%‘i’gﬁ% the Rrsg&é{@ghsr dance
with the progpagsbésmddiNiders Reciividiag idop fidd@enceeby pfbgrammablgor k or der; and

shi ppi ng the programmed devices to the delivery, . desti nation
speci fied by PreametersR, and fespRctiyedhird dividers for dividing phase locked loop

output frequencies by programmable parameters N to produce the clock
signal frequency, the programming step for each programmable crystal
oscillator including the steps of:

calculating a set of values for the Q, P, and N parameters based on an
equation

Fr = F,¢" PI(Q" N), where
F; = the customer-specified clock signal frequency, and F,,, the read
reference frequency; ' -

assembling programming data including the set of calculated Q, P, and
N parameters; and S

storing the programming data in the programmable crystal oscillator to
program the first, second, and third dividers to divide by the calculated Q, P,
and N parameters. _

21. The method defined in claim 20, wherein the calculating step
calculates the set of the Q, P, and N values, such that: 32 KHz < F,,/Q < 50
KHz; and F, = a frequency closest to a target frequency specified by the
customer.

22. The method defined in claim 21, wherein each programmable
crystal oscillator further includes a programmable load circuit for adjusting the
reference frequency, and wherein the method further comprises the steps of:

determining, based on a reference frequency value obtained in the
reading step, data bits appropriate for programming the load circuit to achieve-

sz sz NN
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- 47. A nmethod of manufacturingTRES sBeenReplaced i || ator,
conprising the steps of: mai ntH m Hntory of programuabl e
crystal oscil @y 65 wi t hdr awi ventory_a set of

programmabl e crystal oscillators, sufficient to satisfy a HodHtrOy0bf
crystal oscillators, in accordance wt gn anount of crystal* oscill.ators .
set forth in an order, and pr o nm ng at | east one programrabl e

I i1l f | | . N
L o B O AN R L 0
frequency set H otd Within ahlatcuracierange of the targbEirerienogisstcifiiddyrthg 7, furt her

conprising the steps of, receiving the order froma custonmer and sendi ng
said at |east CUBOMEFyANG,| oscillator to the customer. 49. The net hod of

claim 47, further ﬁﬁéiﬁyf(mabmn&ﬁgﬁﬁgﬂémrﬁ%rc}ﬁ&lHQciﬁ&Bldto?goérﬁﬁiSt one

programmabl e crystal oscillator and instructingthat a characteristic be
adjusted to d&helpadgiredt.er ence frequency of the at |east one powered-up

programmabl e crystgh A metnod of programming crystal osciliators, each including a
crystal that generates a reference frequency within an acceptable frequency
range and a plurality of programmable frequency dividers electrically coupled
to the crystal for arithmetically operating on the reference frequency, such as
to produce an output frequency within a specified frequency range, the
method comprising, with respect to each crystal oscillator, the steps of:

reading the reference frequency;

determining a combination of respective divisor parameters for the
frequency dividers based on the reference frequency reading;

calculating the output frequency based on the reference frequency
reading and the determined divisor parameter combination;

comparing the calculated output frequency to the specified frequency
range;

storing the determined divisor parameter combination in the crystal -
oscillator, if the calculated output frequency falls within the specified
frequency range, whereby to program the frequency dividers such that the
crystal oscillator will generate an output frequency within the specified range.

24. The method defined in claim 23, further including the step of
reading the generated output frequency to verify that it falls within the
specified frequency range. '

25. The method defined in claim 23, wherein each crystal oscillator
includes a programmable crystal load circuit for adjusting the reference
frequency, the method further comprising the steps of:

determining a load circuit parameter that will produce an adjusted
reference frequency, if the calculated output frequency falis outside the

’ AR R
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oscillator so that the clock signal frequenc | east one crystal

of said at, 4
oscillator will substantially conforfhiggheeias ) e E?cﬁnal frequency set
forth in the order. 50. The net hod -of i rein the instructing
step incl udesg) ting that a capaci r coupling with a
crystal be al g?%%ﬂi&c _ FCTIUSSB0IBN -
32 - 51. The nethod of claim49, wherein each programmable crystal .
oscillator further i ncludes a progran%bl e load circuit for adjusting the

reference frequency, and wherein t he nethod further conprises the step of
progranmm ng the IOWWWW&%MFGHWQW? H"ma‘illﬁ‘@?g&f?'ieﬁﬁe st ep. =

52. The met Nodreioiidyainiliid detéhifined BividdF pafefibhar BBinibihalion! diy | 0ad ci rcui t
ectively b t | fuse.

i ncludes  sel ow ng at |east one 53. The net hod of
claim 49, further msompaEngthetracalaiiated sutput mequancy ip hespeeifiadr e

characteri sticfa o%né)n%pﬁéock signal frequency output by said at |east one
crystal oscill ) € characteristics including at | east one of signal

wavef orm pul se duigersircthe, starimgrsted includes storing theggeterminediidad Tineuitret hod of
claim47, further conprising.the eps_of .powerin sajd at ] east one
pr ogr anmabl e &Wﬁtﬁpg’ge&\ef %lﬂapfe ‘?eé%f%f'?ﬁf{ da’B'PE? mﬁegf’f"@h\?@ﬁ%mﬁﬁ? put by
the at |east crféisl dReN1BloR AvHépety 10 G sd Brodra thBYGddPtircaR €6 prodligtithe and

a

instructing that a characteristic be adjusted to alter the reference
frequency so tadkistedeefERRATRIUEASY. f r equency of said at | east one crystal

oscillator will subgtanfj@idelhoaefifédindaits! aiHRf inchicHifthe stpdtency set

forth in the order.
reading the generated output frequency to verify that it falls within the

specified frequency range. .
27. The method defined in claim 25, further including the step of
determining a different combination of respective divisor parameters based on

the adjusted reference frequency,

wherein, the recalculating step is performed on the basis of the
adjusted reference frequency and the determined different divisor parameter
combination.

28. A method of programming crystal oscillators, each includinga- .-
crystal that generates a reference frequency within an acceptable frequency .
range and a piurality of programmable frequency dividers electrically
connected in circuit with the oscillator to perform arithmetic operations based
‘on the reference frequency, such as to program the oscillator to generate an
output frequency within a specified frequency range, the method comprising, -
with respect to each crystal oscillator, the steps of:

reading the reference frequency;

determining, based on the reference frequency reading, a combination
of respective divisor parameters for the frequency dividers;

storing the determined divisor parameter combination in the crystal
oscillator to program the frequency dividers, such that the crystal oscillator
generates an output frequency;

reading the generated output frequency; and
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55. The nethod of claimb54, wherein the instructing step includes

I nstructing that a capacitance value for coupling with a crystal be

al t er ed. - 33 - 56.
The nethod of, E%FH g 54, wherein each programmbl e crystal oscillator
further |ncP es a programable load circuit for adjustl?EPW*ﬁp¥¥ﬁerence
frequency, and wherein the met hod further conprises the st'ep of:
programmng the load circuit in accor®hce with the i nstructing step.

57. The nethod of claim 56, wherein the progranm ng c&f the load circuit

i ncl udes sel ect |‘\‘R§'PR?”BG(W€?%P%W§‘JHS§?Y’8 @ing ta the speciljigd freqenct hod of cl ai m

54, further FéH’B%I’I sing the step of eval uating one or nore characteristics
of the clock siTghal frequency out put said at | east one crystal
oscillator, the 2har &hednstbed dg‘medcmg inm g8, Jurtherinciuding thef stepsyefal wavef orm

Pﬂlr tsﬁe?uf:gngyfls?n%&g{'{ﬁ'ﬁﬂb ,appagémet;éor N gg'%ﬁ"a[ r“{'%a% 3% cusi? ggnrgwre%{egcttag' imn4gai d
at | east one tiss prystal fopadjustingttbe referent@frequencyt thedutgut &rbailency7, furt her
dent i fyi'ng FeHiEd s ol e nSctidedkamBRSL=BR: 60, "whor el n the marking.
step includes scr ktatiRgtHe tetéritiinet 1Bad Bircutdfariéter SRSthedterfingdl al - osci | | at or
using a | aser beam
divisor parameter combination in the crystal oscillator.
30. The method defined in claim 29, wherein, if the new output
frequency falls outside the specified frequency range, the method further
comprises the steps of.
redetermining a different load circuit parameter for read]ustlng the
reference frequency, . ,
redetermining a different combination of respective divisor parameters;
re-entering the redetermined different load circuit parameter and
redetermined different combination of divisor parameters into a register to
temporarily program the load circuit and frequency dividers accordingly, such
that the crystal oscillator generates and adjusted new output frequency, . -
reading the adjusted new output frequency;
recomparing the adjusted new output frequency to the specvﬁed
frequency range; and
reiterating the redetermining, re-entering, rereading, and recomparing
steps in sequence a limited number of times until a generated output
frequency falls within the specified fraquency range before permanently
programming the load circuit and the frequency dividers.
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- 34- 62. A nethod of manufacturing oscillators, conprising:

storing a plurality of crystals, saithi€s HbsBémmReaplpcedssoci at ed therewith
particular frequencies of oscillati 'on;sl onbi ning at |east one

of the pluralj rystals with an o llm“llHLln it to roduce at

| east one oscW’g@glf,E wi t hout needing to Know the particul a?g?’m?ﬂ'ﬂ@ﬁ%y of
oscillatiodon of said at |east one of the plurality of crystals. 63. The .
met hod of claim62, wherein the combini 88 step further includes: )

programm ng the at |east one oscillator to output a clock signal frequency

in —accordance witRla clThrrelgdafinad ipdpimap. weereinshedlefamining ster . 64
The met hod of Ghdidibdiaiudsfof #'cofpifidibh oftivisBFparafiferg inaP@ighid N0 up the at

| east one osc or and instructing that a characteristic be adjusted to
alter a refer egmrdteﬂ\p.mnpt;tfreqﬂemtty@w&ﬁntm@yedﬁa@fremﬂﬂcvaaﬂneanda hat the

cl ock signal fgeguen of ' - il | antially
conformto saifV 'PB?E*B ’aﬁ‘ifg‘%ﬁ%ﬁﬁ@é?g?s?'&%ﬁ%4‘9"%‘§1°°WAL%°§’W%5 The
met hod of cl ai¢yéidl oseliator tivat e withirf a narrowdow frepuerioy remigssconaiativetd | ng t hat
a capacitance val ue for.é&%téﬂl ing wwth a crystal be altered. 66. The

met hod of cl ai #ieklize piAse IRPPRREFSYCR: or Further includes a programmabl e

load circuit for agj ushindtivdrk foraRtiBiING ryst GYilididrs iArebpohgs & Nt he net hod
further conprises the step of. . programmng the load circuit in
accor dance wi t¢ustoner demandc eomRfising:p.

a centralized order process center for receiving customer orders for

crystal oscillators, each customer order specifying a quantity of crystal
oscillators and an output frequency within an acceptable range; and

at least one programming center for receiving customer orders over a
communications link, the programming center including:

an inventory of programmable crystal oscillators,

a parts handler for serially feeding the programmable
crystal oscillators taken from inventory into a test/program
position,

a computer electrically connectable to each
programmable crystal oscillator while residing in the
test/program position for receiving a reading of a variabie
reference frequency generated by each connected
programmabie crystal oscillator, the computer being
programmed to compute unique frequency divider parameters,
based on each reference frequency reading, effective to
program each connected programmabie crystal oscillator to
generate an output frequency within the specified frequency
range, enter the computed frequency divider parameters into a
program memory in each connected programmable crystal
oscillator to produce programmed crystal oscillators, and test an
output frequency generated by each programmed crystal
oscillator to verify that the tested output frequency falis within
the specified frequency range.
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circuit includes sel ectP§ | east one fuse. 68. The

nmet hod of claim 64, further “Bﬂmmmm% step of evaluating one or nore
characteri stwléhe cl oc ncy output by said at | east one
crystal oscillator,. the characteristics including at |ecalCTE}EOP2 si gnal

waveform - pul se duty cycle, current, and volt age. 69. *The nethod of .
claim 63, further conprising the stepsz"bf powering up the at |east one

oscillator, reading a_reference freguenc ut put by the at | east one
oscillator, and 3§-nst &qwﬁldﬁé‘ﬂedgn%%éﬁe PN SCRECYHBMMIARd to alter =
the referenceghf ﬂH@t@EMlcﬁﬁeé H.a,hﬁ B6htrolied 8 iﬁ;efédiﬁheﬁfb@ﬁﬁﬂé}fg\’eé&l sai d at

| east one crystal oscillator w substantially conformto™ said clock
si gnal fr equénegrammedicaystal oseillatpewith gentifying indigia. The net hod of cl ai m 69,

wherein the instryggti $iWor [ BSt r{rﬂ of NACi t ance
val ue for coupli ngg'vm' ?ﬁ"i" cry@@h%ﬁﬁ%@rﬁ%ﬂ 'ﬁc@hgaarﬁlg%nmod of claim
69, wherei n tgeegephicalisdispereedprogtdnaring centersier i ncl udes a pr ogr ammabl e
load circuit for jusging.th ference f enc and wher.ein the nethod
further conpri sesgg‘r\e&b?ee%%?:&&ﬁneé n ?‘B‘éi%"%ﬁﬂ?@'ﬁ%’&&‘“&!’%m t in :
accor dance W delptdr rthen friciudes iagintsr & printing labels for application to containers
REPLACEVENT SHEET )

filled with programmed crystal oscillators.

36. The network defined in claim 32, wherein the computer is further
programmed to determine a parameter for a programmable crystal load circuit

effective to adjust the reference frequency in a manner to pull the output

35 ‘ 67. The met hod of cﬁh@f@ﬁgﬁgé@g&dt he programm ng of the | oad

frequency to within the specified frequency range, and enter the determined
load circuit parameter into the program memory to program the load circuit,
such as to achieve the adjusted reference frequency.

37. The network defined in claim 32, wherein the computer, upon
receipt of customer data, enters the cusiomer data into a register in each
programmed crystal osciliator prior to removal from the test/program position
by the parts handier. e

38. A programming center for programming crystal oscillators to -
generate an output frequency within a specified frequency range, comprising:

an inventory of programmable crystal oscillators, a parts handler for
serially feeding the crystal oscillators taken into a téstlprogram position,

a combuter electrically connectable to each crystal osciliator while
residing in the test/program position for receiving a reading of a variable
reference frequency generated by each connected crystal oscillator, the
computer being programmed to determine unique frequency divider
parameters, based on each reference frequency reading, effective to program
each connected crystal oscillator to generate an output frequency within the
specified frequency range, enter the computed frequency divider parameters
into a program memory in each connected crystal oscillator to produce
programmed crystal oscillators, and test an output frequency generated by
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- 36 - 72. The method of claim 71, wherein the programmng of the | oad

circuit includes sel ectivel y bl ovihis@heet Hasdeen a¢eGse. 73. The

met hod of claim 69, further conprisin Imﬁlm teval uating one or nore
characteri sty 5’%@ t he cl ock signal f by saj | east one
crystal oscit‘Wa o?fs the characteristics 1 ncluding at | ei’ﬁ"‘%&ﬂéﬂ si gnal

waveform pul se duty cycle, current, and volt age. 74.* The nmethod of .
claim 63, further conprising the step & stori ng retrievabl e custoner i

data in said at |east one crystal oscillatar. 75. The_nethod of claim
63, further PAH H&PW@‘W?@"@?%E"W“%?‘RYW&VMH‘eaFFStPgé’Efp freauencyystal =
osci |l ator Wi witHfthb spédified fishuehdy range. 76. A nethod of manufacturing

oscillators, conprisi 3%5 . stori nqg#_a lg.l urali té/ of crystals, said
crystal s havi ng piti diedrogrammingeanter definedingiaima3g, Sxthepincisles needing to
know t he part] | ' | S4bn eﬂ@y t hod of claim
76, further %%%?éﬁ“ﬁ%@alﬁ?%ﬁ?@?ﬁ@gg#h@dcust &nr%?rgﬁ'énrmnd or crystal

osci | | at or s, oscillator witiglenfifyinglindicia.or i ng i ncl udes adj usting the nunber of

stored crystals i g ANty Rabafihing bertadiRb HakHRT 2, firtlep inchRfds'd 21 "
printer for printing labels for application to shipping containers filled with
programmed crystal oscillators.
41. The programming center defined in claim 38, wherein the
computer is further programmed to determine a parameter for a
programmable crystal load circuit in each crystal oscillator effective to pull the
reference frequency in a manner to adjust the output frequency to within the
specified frequency range, and enter the determined load circuit parameter
into the program memory to program the foad circuit, such as to achieve the
pulled reference frequency.
42. The programming center defined in claim 38, wherein the
computer, upon receipt of customer data, enters the customer data into a
register in each programmed crystal oscillator prior to removal from the
test/program position by the parts handier. S : .
43. The programming center defined in claim 38, wherein the crystal . -
oscillators respectively include cryétais that generate the reference
- frequencies of randomly differing frequencies, respective first dividers for
dividing the reference frequencies by programmable parameters Q,
respective phase locked loops including inputs connected to the first dividers
and second dividers for dividing loop frequencies by programmabie
parameters P, and respective third dividers for dividing phase locked loop
output frequencies by programmabie parameters N to produce the oufput
frequencies, wherein:
the computer determines the frequency divider parameters by
calculating a set of values for the Q, P, and N parameters based on an
equation
Fot = Frt' PA(Q" N), where
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- 37 - 78. A device for programmn c'r.y:s'?t al oscillators, conprising:

an interface to recei vehis Be IpéRdor ; a power connection to
supply power to the cryst I : a device to determ ne
accuracy of @ogé,?@&ency o] crystal oscillator a

conparator to Phi ne whet her the accuracy is within a prdePsME® r ange:
and i an adjustnent device to instruct that a charactéristic.of the.
crystal oscillator be adjusted in accd®dance with the determnination of the

conpar at or. 79. The device, of claim 78 wherein the device is capable of
bei ng oper at & FhecustepersPesifird glogk slogalfrequency @nd Facthgd®dd e of clai m 78,

wherein the | Icfack® pﬂré(ﬁgn a programin a PC conpatible conputer.
81. The devi ge 0 clcgol m 78, vvhere% t he device to deternine accuracy

measures the accassembles pragiaswring datainguging the saief calouisted Q, P.@nd The

device of clgim7 erein the adjustnment device uses a prediction of the
effect of aﬁ‘lgﬂaﬁ}e&%’o&nﬁof the characteristic. 83. The device of claim

78, wherein the adjored ¥veprogiamming data in the programtrnemonydo progear ¢he det er mi ne
the effect ofgal sscond and tira Aviders'tc G2 By $ie Sdicifated @, P, and N
parameters.

44, The programming center defined in claim 43, wherein the
computer calculates the set of the Q, P, and N values, such that: 30 KHz <
F./Q < 52 KHz; and F,,, = a frequency closest to a target frequency within
the frequency range specified by the customer. -

45. The programming center defined in claim 43, wherein each
crystal oscillator further includes a programmable load circuit for adjusting the
reference clock signal frequency, and wherein the computer determines,
based on the read reference frequency, data bits appropriate for
programming the load circuit to achieve an adjusted reference clock signal
frequency value that enables fine tuning F,,, into the specified frequency’
range, and stores the data bits in the program memory to program the load - -
circuit.

46. A method of manufacturing and distributing electronically
programmable devfces in response to customer demand, comprising the
steps of:

establishing a centralized order process center;

estabiishing a plurality of programming centers at geographically
diverse sites linked to the process center by a communications network;

manufacturing a supply of the programmable devices at a production
site;

distributing the supply of the programmable devices amongst the
programming centers to maintain an inventory of the programmable devices
at each programming center site;

accepting at the order process center customer orders for programmed
devices;
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84. The device of claim 78, wherein adjustnment device instructs that a
capaci tance value for coupling with a crystal be altered. 85. The
device of claim78, wherein the predeterm ned range is within 100 ppm

86. The devi w%%ug aim 78, wherein each programmbl e crystal oscillator
further. include programmabl e 1 oad circuit for adjusti n§CEHEYE$R%; once
frequency; and wherein the adjustnent device causes the load circuit to he
programed. 87. The device of clai m36, wherein the programm ng of the”

|l oad circuit includes selectiv |\h/ bl ow n at | east one fuse. . 88. The
device of claim 86’”?%??\"9&3%8\*%? ng&e&at[ R OragY PERSESS eenter todentift e one or

nor e Charamf%tor fnd) bf dabS H&%M{Warfmuﬁa%eﬁﬂ&ﬂﬁhéﬂﬁl@h he

crystal oscil characterl stics including at [east one of signal

wavef orm pul programmingdeta and delivary dateand destination; -
REPLACEMENT  SHEET communicating the customer orders as work orders over the
communications network from the order process center to selected
programming centers based on capability to meet the customer order
specifications; and
each programming center, in response to receipt of a work order,
performing the steps of:. .
withdrawing from inventory a quantity of programmable
devices sufficient to satisfy the device quantity specified in the .
received work order; _
electronically programming each programmable device in
accordance with the programming data specified in the received
work order; and .
shipping the programmed devices to the delivery -
destination specified by the received work order.
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