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integrated circuits, and nore particularly to
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on a si'licon wafer. BACKGROUND [0003] Precision

and FSS%%@G’S @E&F&P‘"{?&o@%@ ZeQBbFe‘énH”is”@%nWQ@ﬁorﬂfn part of U.S.
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Octobenddi 12002, thdeonterts afidvisiostaref hereby shedrpomated |t ceference in
is related to the resonant frequency so that as the

f i ncreases, the size decreases, and the cost
thegrﬁmtﬁgglllty may rapidly increase. As 1
TECHNICAL FIELD
[0002]  This invention relates to integrated circuits, and more particularly to

integrated circuits with annealed glass paste arranged on a silicon wafer.

BACKGROUND
[0003] Precision frequency references are required in many types of
electronic devices such as cellular phones and other handheld devices. Crystal
oscillators are typically used to provide the precision frequency reference in these
electronic devices. However, crystal oscillators have several inherent disadvantages
including large bulky size, fragility, and high cost. In addition, the size and cost of
crystal oscillators is related to the resonant frequency so that as the frequency

increases, the size decreases, and the cost and fragility may rapidly increase. As
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the size of electronic devices continues to decrease,
the use of crystal oscillators beconmes nore

probl ematic due to the size, fragility, and cost
limtations. [0004] Sem conductor oscillators have
been a poor alternative to crystal oscillators and

are ge unpsui t abl e..for use as a precision

izt 6h elp s deviesS GoBtnges.I6 dediansey e aRech esiehescilators
oscr I |l ating frequency, especially with changes in
becemgs et Rrobromaliriueio thersizenmgilitonand cod]lintations.
integrated circuit (1C) package conprises a | C wafer
and[0004] annBemimbngiuats gsrillatorsAt#R)e begnara tpoar dlternative to crystal
arranged adj acent to the IC wafer. [0006] In other

oschiators &hd arengérskragy m%@itétﬂé f6f19§@~°a‘$| ékﬁéc@bn‘ ﬁé’édency reference
part of the I'C wafer and the AGP |ayer.  ayér

ddféffe&@é&% Q&ridtor e 886 Equeﬁg‘? dés%e‘@?gll rwrtil?:glanges in

ayer is arranged on ap ur ol n

el at. | east one side of the Ivaafer A layer of a

6‘?}8{? ve material that is arranged on a portion of
the AGP | ayer. [0007] In other features, the |IC wafer
conprises a circuit conmponent arranged in the IC
-wafer. The AGP | ayer is arranged between the circuit
conponent and t hSUNMMARY Qfal bE INVENTONI r cui t
conmponent conprises at |east one of an oscillator and

an (00053t orAnThtegratédCcmchrthm)rpmagé caphses lectwa“fer and an
The nolding material encapsulates a portion of the

anr@faﬁrd 01358 pAEI8 (NOFY lagerRat &ea?ra%ég@%?érrﬂtb thed r@w‘é%’r

| ayer Ts arranged adjacent to th usi ng one

of fodus] € in BiileP b Mred! £ Rdiding Hatdptk bR8apsulates at least part of

the IC wafer and the AGP layer. The AGP layer is arranged on at least one side of
the IC wafer. The AGP layer is arranged on a plurality of disjoint areas on at least
one side of the IC wafer. A layer of a conductive material that is arranged on a
portion of the AGP layer. |

[0007] in other features, the IC wafer comprises a circuit component
arranged in the IC wafer. The AGP layer is arranged between the circuit component
and the molding material. The circuit component comprises at least one of an
oscillator and an inductor. The inductor comprises a spiral inductor, The molding
material encapsulates a portion of the IC wafer. The AGP layer comprises a glass
frit. The AGP layer is arranged adjacent to the IC wafer using one of a screen

printing, dipping and masking.



2 [0008] In other features, the conductive materi al

conprises one of. a conductive epoxy and a conductive

epoxy paint. The layer of the conductive mnaterial is
arranged on the AGP | ayer by dipping the I C package in

a container containing the conductive material.

[0009] An integrated circuit co ises a tepperature
sendBpo8ha, Tachtes “teaturespdha ciduisive Haala grameiises one of a
circuit. A nmenory nodule stores data relating to

conductivet epoxyalangr at conductive eptxttpaintne Tte tayer of the conductive
oscillator calibrations as a function of the sensed
matenalr ist arrangeth onsthiel A@Riayerdhy dippime ithe 4§ package in a container
reference signal having a frequency. A phase | ocked

cbRRIMIAG tHe Sonductive eRateribpedback | oop having a feedback
| oop paraneter and selectively adjusts the feedback

I ter . : .

osc PPBSET™ Af inteafied irtifeqmphises Seheraled Brsor that senses a
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communi cates with the oscillator npdul e and t hat
theesenseskteniperatuse c Amnessiliatermodule. generatesgerefergnce signal having a-

nodul e conmruni cates with the phase frequency detector

freqdehey. A phaktdgeketbiobp mhodide drichidésé feedbadklicop having a feedback
conmuni cates wth the charge punp nodul e and

l&ﬁﬁBéu%{n?éteﬁ%n@Péeﬁé'éti\fel)ﬁﬁlél{élg@the“fe%hbﬂ%w Hf eter based on the

communi cates with the ‘vo ge controlled oscillator

sg%@gﬂccfoﬁé‘ fﬂ-,'ggpgyﬂ%g&i 1oty det ect or nodul e,

_ rvely adjus e ou put frequency based on

L1 OB 2aR0Bfer BERD AR 1B IS Sodun epmerises 2
frtarc]:t?or?aellp Catsg ogﬁe% I%];ptat\]n% %Sécgeleldgéglz Iocoapl>I ;i)abrgamte;tgp isé'a ratio of a scaling
factor. The fractional phase locked loop comprises a phase frequency detector
module that communicates with the oscillator module and that receives the
reference frequency. A charge pump module communicates with the phase
frequency detector module. A voltage controlled oscillator module communicates
with the charge pump module and generates an.output frequency. A scaling module
communicates with the voltage controlled oscillator module and the phase frequency
detector module, selectively adjusts the output frequency based on first and second

-scaling factors, and adjusts a ratio of the first and second scaling factors based on

the selected one of the oscillator calibrations.



3 [0011] In other features, the first and second

scaling factors are divisors equal to Nand N + 1,

and wherein Nis an integer greater than zero. The

phase | ocked | oop nodule conprises a Signma Delta

fracti onal phase | ocked | oop nodule and the feedback

| oo araneter includes nodul ation of a scaling

di vf@gﬂ] Thin othejfaatuses,ther first apd=seqondsscaling kfaqtqrs)@pe divisors
nodul e conpri ses a phase frequency detector nodul e

equal tto d mamdniN catle andi whereire Noiscah listeger grehteettamizénoat The phase
receives the reference frequency. A charge punp

loBRst Icopt ABiulE e8inpRisdd bfsiphea DeMacfradtiop@l 9ﬁ5§e ftsikedlt 1Bbp module
nmodul e. A vol t age control ed oscillator nodul e

a@*’é%"%@@ﬁ S8 OB oA o g cvc. o
es.W th the voltage contro] |l ed oscill at
HRE ERifa et loRleddRel "ortle: Sompnses & pAase frequency
selectlvely di vi des the output frequency by first and
defeetor anedile tha} gamamynicates witl the mcﬂlatmmalta@ and that receives the
adj usts nodul ati on of the scaling nodule between the
refénesce afrequenoynd Acehange pamiprmotialee dommurtieates! withethe phase
one of the oscillator calibrations. The first and

éstatiordnbawibor A witage! &ér&ﬂﬂl‘édeﬁé@“atéﬂmdﬁu%]@oh‘lmumcates
+1, ere Nis an integer greater than zero. [0012] An

RSO o ATHY ) b SRR sca
SO ek il e AR SRR 6 o phaso

calibrations as ~a function of the sensed tenperature.
freguenayAetagtormorile and saledively dividesribe outpulifsequengyry first and
a frequency based on the oscillator calibrations.
squoandescatingdactosmpA Sigmas Detta anodulatandeljusts ecetiitatidn of the scaling
| oop having a feedback | oop paraneter, selectively
madulesbetween thecfirtshand Iseopnd scalimy €actbrsiesbedon MRe selected one of
sel ected one of the oscillator

the oscillator calibrations. The first and second scaling factors are divisors equal to

N and N +1, where N is an integer greater than zero.

[0012] An integrated circuit comprises temperature sensing means for
sensing a temperature of the integrated circuit. Memory means for storing data
relating to oscillator calibrations and for selecting one of the oscillator calibrations as
a function of the sensed temperature. Oscillating means generates a reference
signal having a frequency based on the oscillator calibrations. Phase locked loop
means, that includes a feedback loop having a feedback loop parameter, selectively

adjusts the feedback loop parameter based on the selected one of the oscillator

calibrations.



calibrations. 4 [0013] In other features, the phase
| ocked | oop neans conprises a fractional phase | ocked
| oop and the feedback | oop paraneter -is a ratio of a
scaling factor. The fractional phase | ocked | oop
conpri ses phase frequency detector neans, that
ates wi,th the oscillatin for receiv
he IO onln."Sthee JREHESS. 8. oisl IoFket, PR aRRLY (mprises 2
volta?e and comuni cates with the phase frequency

frationet phase:locked\eop apd the ﬁee@bac&dloeacnararaletﬁr igearatio of a scaling
that communicates with the charge punp neans,

fagtoner qthes fractionalpphase dgcked Vioop Snmhpui\sges*rmse frequency detector
communi cates with the voltage controlled oscillator

mBBASStht ConmnieBRECwith afsessolllsthigefieahs "RiNeceiving the reference
sel ecti vel y adjusts the output frequency based on .

fréc#d?tcga f rﬁﬁé’%rﬁﬁ%éﬁﬁs f i négt%s A ag @6 Scd?m‘n%l tes with the

secon ased on

oo e o ot iR ol ey ol o0 %%@%14_% maans, that

are divisors ual to Nand N + 1, and wherein

CQIAMURIGRRS ‘y&ﬂéa‘ﬂér chamge DLMP mMeann geBerates an Mayt frequency.
means conprises a Sigma Delta fractional phase |ocked

Scaling eneanshthat foga'umamaﬂegopltl'pm@neltage contraltggsoscillator means and
nodul ati on of a scaling divisor. The Signa Delta

thier ptisedinedueritydetéctok rbansp selectively adiuststircodtpatifrequency based
detector means, that comrunicates with the oscillator

offfipft and' S8condcsaling fadtbRs 4rd Qﬂﬁﬁf—?a raRsIBetHeYfirst éhé“sﬁeond scaling
punp neans generates a vol tage and conmuni cates wth

fa%{gbﬁ ?Pgé) osc%%féaé(dGHES\)?]g%?ﬁa?é}égﬁ%fr@ﬁ%cages W th
scal00TALe . Btodh iers i Bt e psp it eq/lBr s are divisors

trolled oscillator nd the phase freque
equzﬂ to N and ﬁ +1, and wheren SN ?s an integer greater tﬁan ze¥o The phase

locked loop means comprises a Sigma Delta fractional phase locked loop and the
feedback loop parameter includes modulation of a scaling divisor. The Sigma Delta
fractional phase locked loop comprises phase frequency detector means, that
communicates with the oscillator means, for receiving the reference frequency.
Charge pump means generates a voltage and communicates with the phase
frequency detector means. Voltage controlled oscillator means, that communicates
with the charge pump means, generates an output frequency. Scaling means, that
communicates with the voltage controlled oscillator means and the phase frequency
detector means, selectively divides the output frequency by first and second scaling

factors. Sigma Delta modulating means adjusts modulation of the scaling means



detector neans, selectively divides the output

frequency by first and second scaling factors. Sigm

Del ta nodul ati ng neans adj usts nodul ati on of the

scaling neans 5 between the first and second scaling

factors based on the selected one of the oscillator

cal i brati The fir t and second ,scalin factors re

beWPEBRE HiR-ANT SeRONS REANG TECIHe KSRk O 4he, Releged one of the

greater than zero. %0015 A nmethod for operating an

osqﬂtaégrr ealirations; uThe dimtands secensh scalinga factenspaneadivisersequal to N
the integrated circuit; storing data relating to
and bl +1,averedviis am intégelsgreaml-tbam zem.one of the

oscillator calibrations as a function of the sensed

enpes-esjur €A nithed Jok Bﬁer’htlhgféﬁ ﬁ?ﬁé@ra%@ﬂﬁﬂcuhaddnﬁkﬁ'ls‘és sensing a
frequency based on the oscillator calibrations;

te aegéqr% gﬁgéqrfég?é%ase é‘f g@gﬁségﬁ% re‘i’%f@g %clﬁ%to? calibrations;
eﬁﬁé‘ i Phe et 8%3%%%"9@38%91%% i SRl ESisc Bperature:

| oop,.,and t he, feedback | 00 araneter is a ratio of

Q%Q%(ﬁt"i‘ﬁ; aaée@rencerh@gaaagﬁa\fr&k%dfreaegn%niaas%sora the oscillator
Sigma Delta fractional phase | ocked | oop and the

calibeationsy and gelectiveleadiusting aufdedbaciditiopt parametterof a phase locked
scaling divisor. [0017] An integrated circuit package

. loophasedom the seidoted ahedf the ostillatbhealibratioms.i ses a
tenperature sensor that senses a tenperature of the

i nt ¢gopgjed %r&Hélt featﬁré‘ganﬁbypﬁéﬁg”l@c@doi @aﬁﬁbnses a fractional
relating to oscillator calibrations and that selects
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e sense enpera ure
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drel eCt';]l © lA?'\ integrated circuit package comprises an integrated circuit that
comprises a temperature sensor that senses a temperature of the integrated circuit.
A memory module stores data relating to oscillator calibrations and that selects one
of the oscillator calibrations as a function of the sensed temperature. An oscillator
module generates a reference signal having a frequency that is based on the
selected one of the oscillator calibrations. A packaging material encases at least
part of the integrated circuit and has a low dielectric loss.

[0018] in other features, the packaging material includes at least one

material selected from a group consisting of polychloratrifluoroethylene, fluorinated



10018] In other features, the packaging materi al
i ncludes at | east one material selected froma group
consi sting of polychlorotrifluoroethylene, fluorinated
6 et hyl ene propyl ene copol yner, perfluoroal koxy, and a
copolyner of ethylene and tetrafluoroethylene. The
terial includes a low dielectric, | oss
etjies BBy SR ecrodkivmt e@?@ysaoaemu.qndpacmévmer of ethylene and
conprises an integrated circuit that conprises an
tefrafuonogtiplens diePadi@oing-material indudes alaw dislectyalgss plastic.
having a frequency that is based on one of a _
pl uf@019]y oAnocintegratad circuit package coswrisescan integrated circuit that
packaging mnaterial encases at |east part of the

comprsysoare dscillatonimodutel that yenerates & ferehte signa$ having a frequency
[0020] In other features, the integrated circuit

It i S
I BTV I cfoty ki stios A pakaging
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propyl ene copol yner, perfluoroal koxy, and a copol yne
temperetunfy [SERsOR ittt senses |auf@ﬂmrﬂ’5urers>é therwaetegaaiﬁ@@irﬁglt A memory
material includes a |low dielectric |oss plastic.
mpdoigtoresntberstiltator ¢alibvatiimsettings.niTherpeaokdgirigrmaterial includes at
package conprises providing an integrated circuit;

leasic oAe Npatehial seleetsdfroth @ Grupt cd)rﬁslﬁtlﬂgﬂak@@lywlorotrlﬂuoroethylene
material that has a low dielectric |oss; sensing a

fdstinatsd dthfleRe b yldﬂeeﬁbgf:gt Ié?' rﬁé‘ﬂﬂﬁor@Hﬁog?,o and a copolymer of

operation;” storing data r ng to oscl

e ] P, S oekiblon oG bEIe,p ow citcti

and nerating a reference signal having a frequency
lo§ﬁg{a%?§ based on the selected one of the oscillator

cal i brat.ions. - \ — .
[0021] A method for providing an integrated circuit package comprises

providing an integrated circuit; encasing the integrated circuit in a packaging material
that has a low dielectric loss; sensing a temperature of the integrated circuit during
operation; storing data relating to oscillator calibrations; selecting one of the
oscillator calibrations as a function of the sensed temperature; and generating a
reference signal having a frequency that is based on the selected one of the
oscillator calibrations.

[0022] - in other features, the packaging material includes at least one

material selected from a group consisting of polychlorotriflucroethylene, fluorinated



[0022] In other features, the packaging material
i ncludes at | east one material selected froma group
consi sting of polychlorotrifluoroethylene, fluorinated
7 ethyl ene propyl ene copol yner, perfluoroal koxy, and a
copol ynmer of ethylene and tetrafluoroethylene. The
packagi ng material includes a |ow dielectric |oss
plastic. [0023] A nethod for providing an integrated
ethylene ypropylenk acppotymer, | perfiuomalioikgi agd an copbiyeriert efdethylene and
circuit; selecting one of a plurality of oscillator

tetrﬁﬁljdrbéﬁiyléﬂé Fifd padkging fiXfé Ml 'u‘itSlud’esir & %ih‘l@ctﬁb@?]b@ plastic.

aV| ng a frequency that  Is based on t e one

EU@! ty ﬁenﬁ?ﬁéd le5t ggoﬁ&hgbér?tlhtgﬂrag%télﬁtg}gi Rgﬂgage comprises

asl I'ntegr at pac
proz’s‘@wg? 'a%'éa{qhs?%tg it BRSing i f & BLEALY ] ascilstor calibration
enperature of the integrated circuit; and sel ecting
setyings. gepemmtingia referange slgnaifhaymg pIfegayiensy that isthased on the one
setti nlgs based on the sensed tenperature. The
of the plurglitypf asciiatar calibtationsettings; eadtencasingthiedniegrated circuit in
selected froma group consisting of

a packaging material thatdrased low dietactrid loger i nat ed et hyl ene
propyl ene copol yner, perfluoroal koxy, and a copol yner

of ¥00§4‘]y| epeofed feSture, tHe mesthby! rlsEQesef?ﬁﬁ@E'tB%perature of

erial includes a | ow di el ectr| oss pla

o DA B Al o T N s reon
seﬂiffq%q?ﬁste%rcg @%S%ﬂ%ﬁ@ e%tﬁt@” é’ fga%: e%[bat pgal lncludes at least

sm* Eor calibrati ons and for selecting one

one, Jprterial grelecledy fram oA <P, qonﬁ@tlnanot)flen@lg@ﬁrsfwroethylene
tenperature. GOscillating neans generates a reference

fluosingted ethyleng) RIopylegeceenolymer, perfluataaikaxy, tand a copolymer of
sel ect ed one of the oscillator calibrations. Packagi ng

ethylene andnietrefisomethyierss. Thet padkaging material includes a low dielectric

loss plastic.

[0025] An integrated circuit package comprises an integrated circuit that
comprises temperature sensing means for sensing a temperature of the integrated
circuit. Storing means stores data relating to oscillator calibrations -and for selecting
one of the oscillator calibrations as a function of the sensed temperature. Oscillating
means generates a reference signal having a frequency that is based on the
selected one of the oscillator calibrations. Packaging means encases at least part of
the integrated circuit and having a low dielectric loss.

[0026] In other features, the packaging means includes at least one

material selected from a group consisting of polychlorotrifluoroethylene, fiuorinated



the integrated circuit and having a low dielectric

| oss. [0026] In other features, the packagi ng neans
includes at |east one material selected froma group
consi sting of polychlorotrifluoroethylene, fluorinated
8 et hyl ene propyl ene copol yner, perfluoroal koxy, and a
copol yner of ethylene and tetrafluoroethylene. The
packagi ng nmeans includes a |ow dielectric |oss

ethylenet propylebe2&jpolyment perflaoredikoxycand aopalymer of ethylene and
conprises an integrated circuit that conprises

tetrafGorobthyighe. ”Eﬁ@ﬁaékﬁtgﬂﬂ? Rfdaiis| infludes ﬁflwmégﬁk%ﬁ plastic.
a

havi ng a frequency i s based on one of
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intearated.circuit d having a | ow dielectri | oss.
corp sz, Skt fibebs T @bnetdiio s rethrénds, Sianal aving & frequency
further, conpri st_ t enper tur,(? sensing neans for .
that s, Rasgd sn{@?ﬁ‘pe atRlealiby of pecillator galibrations setfings and packaging

Storing neans stores oscillator calibration data. The
meang far@negsingatlenatpart of the integrated oinevitvane hiasing a low dielectric
selected froma group consisting of
losgol ychl orotrifl uoroethyl ene, fluorinated ethylene
propyl ene copol ynmer, perfluoroal koxy, and a copol yner
of [002B]Y! et Bftér! Featirésiorne! Niledfdted TNErddfC kRBHBE comprises
means I ncludes a |low dielectric [oss plastic. [0029]c
i ' | arP j ane i -
tefirarllef SpREAG e, for ST of PMRBo BT By ho Afelrdted circui.
erat.ure of .the in rated circuit and.a _
stofifidapsah, SEEE pRGHAG: Saubafion Hafe: JrecareHating mren jacludes at
t.hat sel.ect ne, of the oscillator, caljbrations as a
least foa FEAISER! seleciedem 2 SFRUP Aansisting,pforelyehiaraitifiuoroethylene,
nmodul e generates a reference signal having a
. fluoripategde e&ylensitpropyleasceorplymes  perfuorealkexye @aid a copolymer of

ethylene and tetrafluoroethylene. The packaging means includes a low dielectric
loss plastic.

[0029] An integrated circuit package comprises an integrated circuit that
comprises a temperature sensor that senses a temperature of the integrated circuit
and a memory module that stores oscillator calibrations and that selects one of the
oscillator calibrations as a function of the sensed temperature. An oscillator module
generates a reference signal having a frequency that is based on the selected one of
the oscillator calibrations. An epoxy layer adheres a glass layer to the integrated
circuit. A packaging material encases at Ieést part of the glass layer and the

integrated circuit.



the oscillator calibrations. An epoxy |layer adheres a
glass layer to the integrated circuit. A packaging
mat eri al encases at |east part of the glass |ayer and
the integrated circuit. 9 [0030] In other features,
the glass layer is |ocated between adjacent to
portions of the integrated circuit that include the
oscillator nodule. The oscillator nodule includes an

on-[0080] | ndncither Jeaturdis 1tRe ALY 18)erSS 1bedtel bétween adjacent to
| ocat ed adjacent to portions of t'he integrated

' i h ' Yoy : I I o

Poftichf At e e HRedfl Ui il ag HFE Hsci 2t B3R, 2R oscilltor

_ ' ' hAC 0 potions. of the integrate .

moilfe, fRfIdet AP oG EArlo? A8 yRERin e aiafs laVerds ficsted adiacent
| ayer ir}c udes a ,cavjty that defines an air gap_and

to Rﬂé\oé‘?rpt iirgreted cirit that drclude msr-chipdnductone The glass layer

. integrated circuit that include an inductor of the

incluclesia gavity thatidefines) @vairjgapranidiwberein the cavityus adjacent to potions
package conprises an integrated circuit that

of theripteigsatedtoincpit thatiinelude tise ogcillatonmddule. SThS ghisdayer includes a
tenperature of the integrated circuit and storing

| ¢ . . g _
caviBeihat idefiné$ ain' 89 gepchhd Wr@reﬁlgip'ecgf\{ugqgsacgﬁébrggb potions of the

sel ecting one of the oscillat rati

intégg}éﬁféd Q&uﬂfthépi cﬁﬁ@%ﬁpinﬁﬁ%fBﬁ{g\vrcgsgcilgﬁrbbaékng means

erates a rererence Signa ty that

calOGFEL oyt Migaaled B BaBustn sdrPiage an integiaied Groutt that

i nt.eg%?t ed ci rcuit.  Packagi nfg means encases at |east
compprteS ferpprraliras3ensing.means for fensing ylerprerature«fithe integrated
. 100;%(;3 | n other features, thc_aa%iass. | ayer is | ocated
cir storing p@ans dak storingt oscillaterecalibraiions andifor sélacting one of
i nclude the oscillating nmeans. The oscillating means
thei astillatos calibationsi as iandundttion efidhetssrsied temperafiss. Oscillating
| ayer is |ocated adjacent to
means generates a reference signal having a frequency that is based on the
selected one of the oscillating means calibrations. Means attaches a glass layer to
the integrated circuit. Packaging means encases at least part of the glass layer and
the integrated circuit.

[0032] In other features, the glass layer is located adjacent to portions of
the integrated circuit that include the oscillating means. The oscillating means
includes an on-chip inductor and wherein the glass layer is located adjacent to
portions of the integrated circuit that include on-chip inductor. The glass layer
includes a cavity that defines an air gap and wherein the cavity is adjacent to potions

of the integrated circuit that include the oscillating means. The glass layer includes

10



portions of the integrated circuit that include
on-chip inductor. The glass |layer includes a cavity
that defines an air gap and wherein the cavity is
adj acent to potions of the integrated circuit that

i ncl ude the oscillating means. The glass | ayer

aV| t efi.n [
a GRENLIGT detiRel A abo AR BRI 3Ra 3avikis 8@ o potions o the
nt egr.at ed, II‘CUIt that incl ude an |nductor of the
' ts’g@t%figﬂrcH hatdnciude godnguctoref thecogcilatipgameansag an
|nt rated circuit package conprises sensing a
] ur e Aomethod rfoe grevidinge ancintegratedocireuit package comprises
OSCI | lator calibrations; selecting one of the
sarsind |attemprerhiues abf airs integratedneircGit @forinde oseMERY calibrations;
tenperature; generating a reference signal having a

sdi6@MdeHe of ?‘?ﬁ} ogélllé’t%? %gh%tlgh t el ?ﬁﬁ&%noétethecgqnggﬁ temperature;

oscl I I at or rations achin | ass

o R Lt B s o

cka herjal [0034] In other features, the
8‘"?&&9% ?fpa§a@"¢1§ﬁ?mnglaa§|§38@&rtoHm integratadocircuit; and
portlons of the integrated circuit that include the
enpasing at ieastpan of thehglassdayeét andrthevidtegeated adireditsinaan packaging
on-chip inductor and further conprising |ocating the
mgteaimk | ayer adj acent to portions of the integrated
circuit that include on-chip inductor. The gl ass

! ayfao 14)C| gL othel thi"est Rk Ftﬁﬂh&?%n gdé’é rlo@é'tﬁtlgapge glass layer

further "conpri si ng oca ing the cavil adj ace

géérﬁqgtpcgﬁléﬁi gtﬂf agtrggggcélf cm éluciga&]etj sgqlliaggr module. The
[@l nes an a| r and further —conprising |ocating
oxletdr oy i o PpeRip dRdustortand furthegcemarising locating the

circuit that i nclude an inductor of the oscillator.

glgg@@ypr Aﬁjacﬁn_ég} pertians iof the integrajedoaittuittbatincindesarschip inductor.
TI-IuS g\{-\aasfse{ayeé irftclzl[tgés a cavity that defines an air gap and further comprising
locating the cavity adjacent to potions of the integrated circuit that include the
oscillator. The glass layer includes a cavity that defines an air gap and further
comprising locating the cavity adjacent to potions of the integrated circuit that
include an inductor of the oscillator.

[0035] An integrated circuit (IC) package comprises an IC wafer. A first
portion is arranged adjacent to the IC wafer. A second portion is arranged adjacent

‘to the IC wafer and is spaced from the first portion. The first and second portions

comprise at least one of annealed glass paste (AGP) and epoxy. A layer is
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portion is arranged adjacent to the I1C wafer. A second
portion is arranged adjacent to the IC wafer and is
spaced fromthe first portion. The first and second
portions conprise at |east one of annealed gl ass
paste (AGP) and epoxy. A layer is 11 arranged

IR S 06 5 B85S B B e o e
iy i

materi al encapsul ates at |east part of the |IC wafer,
t he [9G368r alnyothes featuras, ﬂmjl@moborpmsemsmc&hwafer A molding
| ayer conprises at |east one of glass and silicon. A

matetial encapsulates at iedst partafithe §€dvafdr, ake Ryet antiftRe Firdtnd second
and second portions. The silicon waf er conprises a

partiofist tTﬁé’W}e&Smpﬁrgfs Zi*trlegéloohg ﬁg@??fﬂl&%ﬂ Al khgonducti\)e

circuit conponent ayer an secon

Bl € SrrabidBe 46 SR R anl B0%ne, BortRinsct Ghe silcon water

I duct [0037] | t her
oRERIA S cltR FedraRonaT. <ddsh @l @ap! in et betwgieaséhe circut

frit. The first and second portions are applied to
cQmporent; E layercand ¢he, diretnendf secondr pentiongr | Thé rgrcuit component
di ppi ng and maski ng. The conductive naterial conprises

camprisds at leashdnetof\an egcilatonatdcam ddtictore 'ﬁﬁ’é’*ﬂdd&ér”éompnses a
The conductive material is applied to the first and

spiet iflcest ti ons by dipping the at least part of the IC
package in a container containing the conductlve

is |ess

thaﬁm:ﬁgecz&g vﬁ? @?‘% ﬁtgg frrF '\éa%fﬁg?t poqtpéwsl @W\Bﬁ‘\? glass frit.
€Ra B seng AEH0HATs BPRISH ta M o wAletSing ane of a screen
f urt her, conprising bond pads that are |ocated in an
Prtings qllggqngn apd masking) | C‘Ehev\mmwctive material comprises one of a
conductive epoxy and conductive epoxy paint. The conductive material is applied to
the first and second portions by dipping the at least part of the IC package in a
container containing the conductive material. The layer has a first width that is less
than a second width of the silicon wafer. The IC wafer comprises bond pads. The
layer has a first width that is less than a second width of the silicon wafer and further
comprising bond pads that are located in an outer region of the silicon wafer.
[0038] A method.of providing an integrated circuit (IC) package, comprises
providing an IC wafer; arranging a first portion adjacent to the IC wafer: arranging a

second portion adjacent to the IC wafer and spaced from the first portion, wherein

the first and second portions comprise at least one of annealed glass paste (AGP)
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[0038] A nethod of providing an integrated circuit

(1 C package, conprises providing an |IC wafer;

arranging a first portion adjacent to the |IC wafer;

arranging a second portion adjacent to the |IC wafer

and spaced fromthe first portion, wherein the first

nd secon Prortions conprj.se at |east one of anneal ed .
a“éﬁ.[’?%‘)’p%% 2TEREIRg a javeladiacrntyo the firstanshsecandiportigrs, wherein

adj acent to the first and second portions, wherein
the layver airates an aircgam hetweergtiye lagende fitst @ndasewondtguetions and the

first and second portions and the |1C wafer. [0039] In
ICoaier. features, the IC wafer conprises a silicon

wafer. The nmethod further includes encapsul ating at

;3@239?” 187 othBe fb&dﬁﬁée,efhe i@%é@%or@@‘?sﬁsh?egig%&ﬁ&veafer. The

econd portions. ayer conpris

B S SRR AT —

nd secogd ortiaons. The nmethod further includes )
ﬁr‘glalngrﬁﬁcﬂﬂ PRaiens: thelayer perprises at leastane of glassmadisilicon. The
the |layer and the first and second portions. The
methed fuither: inclusiesnarangipgi a conduclivasiaterial afijasent to the first and
oscillator and an inductor. The nethod further

second paetortshd Henehathod fasher irtRsded aRbAGNHG wﬁysﬁqﬁrp B&veen the
first and second portions conprise glass frit. "The

cirbEt "Smpordme thé ”Hyié?' €8nd pry R LAE éééo?f‘d ioRECfe circuit

portions to the silicon wafer using one o screen
i nti L.QDI sking. The conducti.v
coflpBehC forlBsk 181286 ofF o el VLG ogir. The methos
onductiyve oxy, paint. The layer has a first width
fu t'"F@-'dFésti‘%t KCIproemRESes @ RPira)f Indkitosi | Tberfirst and second
waf er. The nethod further includes providing bond pads
PoHiensheompriseiags fiit. aTheumethad: durtheroincludessapplying the first and
wafer. [0040] An integrated circuit (1C) package
secamdpipostionsato e \silicen wafer using one of a screen printing, dipping and
masking. The conductive material comprises one of a conductive epoxy and
conductive epoxy paint. The layer has a first width that is less than a second width
of the silicon wafer. The method further includes providing bond pads on the IC
wafer in an outer region of the silicon wafer.

[0040] An integrated circuit (IC) package comprises an IC wafer
comprising a circuit and a “C"-shaped layer that is arranged adjacent to the
substrate and that creates an air gap between the “C”-shaped layer and the circuit of
the IC wafer.

[0041] In other features, a molding material that encapsulates at least part

of the IC wafer and the “C"-shaped layer. The “C’-shaped layer comprises at least
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conprising a circuit and a "C'-shaped | ayer that is
arranged adjacent to the substrate and that creates
an air gap between the "C'-shaped | ayer and the
circuit of the IC wafer. [0041] In other features, a
nol di ng material that encapsul ates at | east part of

h t he."C' - ed |l ayer. The
on 2§ eSO " neSreulE RBAPeRY  catiney of i5HRg pne of an
e cirguit, go on? C rises at |east one of an
OSSﬂeﬁqrﬁa &n Indkclen 'H induso Or GHBPHSRAR SRKakiBdwstPBes a
spiral inductor. [0042] A method for providing an

i nti994al ed ci AcunethpdClorppetdding aomintegeatecbr cirduiti () package
an 1 C wafer conprising a circuit and arranging a

cofripriseb grevidingpuariCadateresmpaising ea eirbait atidearr mnglaﬁ"c:" shaped
the "C'-shaped | ayer creates an air gap between

layeF a G ﬂhée‘s?ﬁé’tfjaté hWth if4hk O déﬁ&'dglgggf tleates an air gap

[ 004 In ot eat ures, e net ho

i st art of fer and the
beﬁﬁgﬁiﬁ%p %?%s%d e @mgag@%@%’i rises at
Iass and silicon. The circuit conponent
ﬁﬁ\oﬂgﬂs at IR lhenfratyesa e dBethodainsludgs dengapsulating at least
|nductor The i nductor conprises a spiral inductor.

pariooitile ICuwalfesr and &es “Ctshaped taybr.| iThe 3 -shepedriagemtomprises at

invention will beconme apparent fromthe detail ed

leastone pft glass @ndvsilisah. NEhe icirathit @omponedb edhihriBes at least one of an
understood that the detailed description and specific

os@?ﬂﬁfﬂ?'a‘h& amdhetdrnehhs%dt o d&gnpﬁ@éseéf Eijral .ﬁHHQ& ment

of the invention, are In or purposes o

;LL@Q“&T et RS O sk Bbus ok st Prace kme”!@tn fio ] become

i is.a bl ock dj agram showi hg an aspect
ap‘pppesqt oy the pptﬁllgp description provided herelnafter It should be understood

that the detailed description and specific examples, while indicating the preferred
embodiment of the invention, are intended for purposes of illustration only and are

not intended to limit the scope of the invention.

DESCRIPTION OF DRAWINGS

[0045] FIG. 1 is a block diagram showing an aspect of a crystal oscillator

emulator,

[0046] FIG. 2 is a table showing a relationship between temperature and

correction factor.

[0047] FIG. 3 is a graph showing a relationship between temperature and

correction factor.
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enmul ator. [0046] FIG 2 is a table showing a

rel ati onship between tenperature and correction
factor. [0047] FIG 3 is a graph showi ng a

rel ati onshi p between tenperature and correction
factor. 14 [0048] FIG 4 is a block diagram show ng an

2 Rhep!, IS A% LS 4GB0 AL eghBPh 5 oot

osGillator emulator connected to external inpedances.
e"?'ﬁﬂ%gb] FIG 6 is a detailed block di agram of an aspect
of a crystal oscillator enulator connected to an
ext[BPA8] | fH&d s @ tWoadimgnsioms, view of i aspest of a crystal oscillator
di agrams showi ng rel ationshi ps between an external
enulgterl aonmected teextechal imipgdantes.al ue. [0052] FIG 8 is
a bl ock diagram of an aspect of an oscillator assenbly

f e : i L )
 HO0SOT 1518 53 R OB rarPer ity o Ol ositor

e B Comtitd W 8 A BliedafiRat i ng o crystal
o> obe ' Ao 5 o e sl P otvn

expeealmoeahnes vae v 4 gt vace. ” | " PO

[0052] FIG. 8 is a block diagram of an aspect of an oscillator assembly for
generating an output having a periodic waveform.

[0053] FIG. 9 is a block diagram of an aspect of a spread spectrum
generator.

[0054] FIG. 10 is a flow diagram of an operation for emulating a crystal
oscillator.

[0055] FIG. 11 is a block diagram of an aspect of a iow power oscillator.

[0056] FIG. 12 is a block diagram of another aspect of a low power
oscillator.

[0057] FIG. 138 is a functional block diagram of an integrated circuit
including one or more circuits and a crystal oscillator emulator that generates a clock
signal for the one or more circuits.

[0058] FIG. 14 is a functional block diagram of an integrated circuit

including a processor and a crystal oscillator emulator that generates a clock signal

for the processor.
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[0057] FIG 13 is a functional block diagramof an
integrated circuit including one or nore circuits and
a crystal oscillator emulator that generates a clock
signal for the one or nore circuits. [0058] FIG 14 is
a functional block diagramof an integrated circuit

D817, 1B off 385 MetBrgl ek, plhoremy o1 . intograted circuit

. processor. 15 [0059] FIG 15 is a functional block
inclyjding arprecessoriandegicaystal escitiatpr emulatpythat generates a clock signal
processor and a crystal oscillator enul ator that

fordbe gratessornant thet esnploys anfextetnabcomporemsidor ssttingfokick speed.
enpl oys an external conponent for setting clock speed.

[ 046080F! G.FI&S 165s @ fuRBESARMIGCIPsK ifégrated HP&H( |f\Ef?19mg one or

clrcult |nclud|ng one or nore CIrCUItS a Ccr

o) at es
mc@?gdérll?bﬁ‘é 04 cﬁﬁélﬁé@hﬂé&ﬁpﬂ%&a@? énﬂ e% &%kcééoi?ﬁ%@ré fetates clock
.950&6%}]' FIG 17 tional  block of an integrated
sigpa anWcmBEﬁﬂ eéc%?(g FRAUEICIeSone or nore circuits,
a crystal oscillator enulator and a cl ock divider that
ger[@ﬁﬁ ks dTl6eKiTsigy@afunciionst ikiackcoioar integratedccissuit including a

[0062] FIG 18 is a functional block of an integrated

pragessar, tonenar mdrengireuitsp mocrgstab bscitlator @philatop aades sloek divider that
one or nore circuits, nmenory and a crystal oscillator

eAsrdted Block atseéleétﬁb? | I's. [0063] FIG 19
g |s a functi ?r?a bl ock gloglé:fgéauépslgﬁ integrated circuit

- ST, S LR g o, B s

ustratln an in rated circyit, that is
pr%q%@gaga OreBHic Frogessticane 5 NRIPEEHIS. dnemPy Apd eerystal oscillator

prior art;
emulator that generates clock signals.

[0063] FIG. 19 is a functional block diagram of an integrated circuit
including a processor and the low power oscillator of FIG. 11.

[0064] FIG. 20 is a functional block diagram illustrating an integrated
circuit that is encapsulated in a packaging material according to the prior art;

[0065] FIG. 21 is a functional block diagram illustrating an integrated
circuit with a temperature compensated on-chip semiconductor oscillator that is

encapsulated in a packaging material having a low dielectric loss according to the

present invention;

[0066] FIG. 22 illustrates one exemplary implementation of the integrated

circuit package of FIG. 21 in further detail;
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[0065] FIG 21 is a functional block diagram
illustrating an integrated circuit with a tenperature
conpensat ed on-chi p sem conductor oscillator that is
encapsul ated in a packaging material having a | ow
dielectric | oss according to the present invention;

0 FI 2 5 t LaLe I .

| miPORTE oS 23 18 B SRk R E e BN, i of 0 e negrated
. FI.G_ 21 in.further detail; 16 [0067] FIG 23 is a side
C'"'c‘f"o??-cé i'BﬁHF‘"\Qi R ON-GHp o5¢ Pﬁﬁghmﬁt%‘&"ﬁt@d according to the

circuit package including an on-chip sem conduct or
presest invapiien;according to the present invention; [0068]

FIG 24 is a side cross-sectional view of an alternate .

i ntf0068Y ed FIGL r2suig apsidlagress-settishaioview enakhalemate integrated
sem conduct or oscillator according to the present

ciréuty package hORERg BnCondhip Ssélfngzbﬂﬂuﬁtb?.s &I%Qél‘a 3@6%@"9 to the

view illustrating the integrate circuit pac

: 0 further detail; [0070] FIG 26 is a
pr%pshﬁ(t:{nl%ép]% 'bl ock diagramillustrating tuning of a

ca i L.or a n-chi p sem conductor oscillator based

o RO69IT, o FAoa 25 % Grplins SRassreeqionsi i dlusiating the. integrated
. functional block diagramof a fractional phase | ocked
cireuyibpaqkage)of FilGt 24 i furthes detaiknper at ure conpensati on

input; [0072] FIG 28 is a functional block di agram of

a o070} Si ¢1G. f2@icisi andfinctibhak didsic kiidgraaPrillistaiting tuning of a
i ncludes a tenperature conpensation input; [0073] FIG

ca;’g’%riri&? i % T BAW Sighip |ddriebhdictd? §5&Mstof ObalEdS UpbR'Y temperature

compensation;

[0071]  FIG. 27 is a functional block diagram of a fractional phase locked
loop (PLL) that includes a temperature compensation input;

[0072]  FIG. 28 is a functional block diagram of a Delta-Sigma fractional
phase locked loop that includes a temperature compensation input;

[0073] FIG. 29 is a flow chart illustrating steps for measuring sampling
calibration points and using a linear curve fitting algorithm to generate calibration
data between the sample calibration points;

[0074] FIG. 30 is a flow chart illustrating steps for measuring sampling
calibration points and using higher order curve fitting algorithms to generate
calibration data between the sample calibration points;

[0075] FIG. 31A is a functional block diagram of a hard disk drive:;
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calibration points and using a linear curve fitting
algorithmto generate calibration data between the
sanpl e calibration points; [0074] FIG 30 is a flow
chart illustrating steps for neasuring sanpling
calibration points and using higher order curve

bet 008 ChE1eL A i 5 RRRIOAA oIGER 18037 Al vemsatie disk

i.sy.a functional block diagramof a hard disk drive;
(D\@):[0076] FIG 31B is a functional block diagramof a

digital versatile disk (DvD); [0077]:- FIG 31Cis a

fu%@@ﬁ]nal FGocRk1Qi iggranrfupttionali dloakefdiagraimrof a high definition

television; [0078] FIG 31 Dis a functional block
teleliisionam of a vehicle control system [0079] FIG 31 E

is a functional block diagramof a cellular phone;

set tof bor!> (GO f P M AsBRin) AdeAdtatipl sytom.
cr ST.2: FagaRTETa B elonal s 'F'ar%‘rmﬁéé‘péﬁvaé‘r phone;

[ ' ' [ | ed ste
an P01 PO B F9ErS piinelibrih black G pis sebppibo:
silicon wafer; [|0083] FIG 32B is a side
cr §9@8YHect iRdFaB1G iswg funclionalbleskwdingram bégmaedid player;
circuit package including an anneal ed gl ass paste

andb82lepo)RIG. 324 isf arsitl crossagectioras Vielabi affalmate integrated
silicon wafer and a conductive material |ayer forned

oram pholgehobp o Ay gRsL ol 58548y M S on

lea¥t G4kt of a@ﬂic%lntﬁéfréﬂt e integrated

[0083] FIG. 32B is a side cross-sectional view of an altemate integrated
circuit package including an annealed glass paste and/or epoxy layer formed on at
least part of a silicon wafer and a conductive material layer formed on at least part of
the annealed glass paste and/or epoxy layer;

[0084] FIG. 32C is a side cross-sectional view of an alternate integrated
circuit package including spaced annealed glass paste layers formed on selected
portions of a silicon wafer;

[oo85] FIG. 32D is a side cross-sectional view of an alternate integrated
circuit package including spaced annealed glass paste and/or epoxy layers and

conductive material layers formed on selected portions of a silicon wafer;
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circuit package including spaced anneal ed gl ass paste
| ayers fornmed on selected portions of a silicon
wafer; [0085] FIG 32D is a side cross-sectional view
of an alternate integrated circuit package including
spaced anneal ed gl ass paste and/or epoxy | ayers and

con hve b 2l QLS . sel ect.ed rtions

o (0e) Y2 PR 254 e 2C¥BhCorbpERRCHR Mol €1y BBt Tntagrated
. Cross-sectional ,.view of an alternate integrated
°”§'i’ cRAG a&&cﬂ@édm%c%o@fﬂbeaéﬁd 9IRS Rapte| ardfopepexy layer and a

and/ or epoxy |layer and a conductive material |ayer
copdyelivenmatesial iavien adjacent @ eirsuitseof asilican wafads7] FI G

33B is a side cross-sectional view of an alternate

i nt[998F] ed FIG.r83B tis pasilegsrobs-sbuibrizd visw BINARaREmate integrated
gl ass paste and/or epoxy |ayer and a conductive

S acEEkeI IS i IS G35 A o Spl er o

[ d Lreul t package including

coftuBelimafiif her BUERER &an Srblitlok of A SRR s

con fve erjal. layer adjacent to an inductor of a

Si ﬂ@@h MfER%. ]{éfgg@]a éﬁg cresgysestionaljviaw of an alternate integrated
_cross-sectional view of an alternate integrated
cirgiit cRaekagec inghding canicannpaied aglass| paste | ard/opaspaxy layer and a

and/ or epoxy layer and a conductive material |ayer
coadjietiveninaterizi tayen ddiicent ioaminduetdridf at sHicon waker! of a

silicon wafer; [0090] FIGs. 34A-34D are side _ _

Ct OFUBBBgC! P& 330 8% Qifieaécrbgf%%ﬁondl AP 'Rl aﬁé%rf);ayé fintegrated

packages including anneal ed gl ass paste and/or "ep
B0 beoe il 57 et et e RO GG e and

vi.e of alternate . .
condichive ma%enaﬁ layer adjacent to an inductor in an oscillator circuit of a silicon

wafer,

[0090] FIGs. 34A-34D are side cross-sectional views of alternate
integrated circuit packages inciuding annealed glass paste and/or epoxy portions
and a glass or silicon layer that create an air gap;

[0091] FIGs. 35A-35B are side cross-sectional views of alternate
integrated circuit packages including a “C"-shaped glass or silicon layer that creates
an air gap;

[0092] FIGs. 36A-36C are side cross-sectional views of a wafer including
multiple integrated circuit packages including annealed glass paste and/or epoxy

portions and a glass or silicon layer that create air gaps;
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integrated circuit packages including a "C'-shaped
glass or silicon layer that creates an air gap;
[0092] FIGs. 36A-36C are side cross-sectional views of
a wafer including nmultiple integrated circuit
packages including anneal ed gl ass paste and/ or epoxy

ap L0 ORI AE37R 9 Sl GpeSdRiicnsl dswe & inatated cicut
vie tegrate IrCUIt pack s including
paa?#%@ﬁ? éﬁc'ﬂa'ggsa ama%rpaéb%@nd%wr epoxs mnmmt have been

been coated with a conductlve material; and [0094]

coates wih g ¢onguictive matesialiphdry steps of a nethod for
fabricating the integrated circuit packagi ng of FIGs.

32A10084] [ OBHE] 38.illustratseRamplzry @%%i?f 8 ﬁ%@gggo'ﬁfﬁ%ﬁatmg the

drawi ngs indicate like el ements LED

infegPRel oﬁbawbacﬁagﬁﬁgaﬁg&?% ; bpof a crystal

oscil l ator emul generat| ng an out put

e ue . The crystal
oo fast s, "EKe T BBl SYPdE oM vais awingsndpdicate ke
onductor di e usi ng any process i ncluding a
el%g’%femant ary- Met al - Oxi de- Sem conduct or ( CMOS)
process. [0097] The crystal oscillator enulator 10 nmay
include a sem conductor oscillator 14 to generate the
out put signal 12. Any type of sem conductor oscillator

may be used incl udi METAILEE DEHSTRIFGIORC oscil | ators,
and ring oscillators. The sem conductor oscill at or 12

It Rg[oogg?pﬁt Flglﬁge;] g: shﬁ&ﬁgtacr%% pEct'8f }éuér% lﬂf\?ﬂggo ﬁryulator 10 for
geRbfftiy S7outSlRWighdid 2 %avangt 3 precise frequency. The crystal oscillator
emulator 10 may be constructed on a single semiconductor die using any process
including a Complementary-Metal-Oxide-Semiconductor (CMOS) process.

[0097] The crystal oscillator emulator 10 may include a semiconductor
oscillator 14 to generate the output signal 12. Any type of semiconductor oscillator
may be used including LC oscillators, RC oscillators, and ring oscillators. The
semiconductor oscillator 12 includes a control input 16 to vary the frequency of the
output signal. The control input 16 may be any electrical input that effects a
controlied change in the output signal frequency such as the supply voltage of a ring
oscillator and a voltage input to a varactor of an LC oscillator.

[0098] A non-volatile memory 18 includes calibration information 20 for
controlling the output signal frequency as a function of temperature. Any type of

non-volatile memory may be employed including content addressable memory
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controll ed change in the output signal frequency such
as the supply voltage of aring oscillator and a

vol tage input to a varactor of an LC oscillator.
[0098] A non-volatile nenory 18 includes calibration
information 20 for <controlling the output signa

fah 80 C a function of tenperatyre. Any. type of .
(AR B o faaflan S afor co el iidce Rorditicigh darioe a be appied
ddr essabl e nor 20 (CAM . The calibration
toithe spaigeliippub @&ihe semirenductarrassiliatem 4 ta contral dhé eutput signal
applied to the control input 16 of the sem conductor
fraguienty.at She 1aalibratiomtinfarmation 020 priays bgnal funttismiusnaychange in
The calibration information 20 may be a function of a
temaratare flomt & Gafibiitiohaehipeiamrs ¥ 'al*h{ é‘éa%rﬁﬂ%% ;E‘%ﬂgﬁg@tt%? as well as

to an operating tenperature, as we

bé‘lhﬁ‘ﬁtfﬁrﬂﬂigﬁfof%%ﬂdfé??rhgml%t_ure. [0099] A tenperature

sensor 22 may sense tenpérature of the

sem uctpr,die. Preferably,. the tenperature sensor
< TDR8F o B teileralirh; B6for 22 Mipk Fansendhe iemmargiure of the
of, the sem conductor aoscillator 14. Any type of
SeMUGRAUHAQI, digensbreferabiny the teraperatieteudsiengor is located on the
therm stors and infrared detectors. The tenperature
sesyeenducky dieyinbthec sitinityuolethe semiconduetar csuillesr 14. Any type of
tenperature froma baseline tenperature or the

temperatote tengur 22 Ynay b[eOQQéH)]inéﬂJdiH%ethgrrﬁEfU@ o [rffafSF detectors.

technique 30 for storing the calibration 1 ntormation

- | .
THEhherregenker 28 mdy B8 SBhtodiR 12 1p3hde ¥ Ehange jg temperature
i xing schenmes,, | ook-up .tabl es, and hash

frq;@g:beaggﬁlﬁ%&lﬁg?raﬂr&ﬁrethg R temperatee. ot exenpl ary

gra §| 8ﬁ g'f__, correction factor values versus

t err&lbr 901, J-igyre Rashows @ sigrage dechniawe 30t fontstaringntile calibration
. freqqencg_for the crystal oscillator emulator 10. The
infgemation 20 i tha narwvolajile mentanyvid. nElye storage tiohaitiierB0 may be any

form of database including CAM, indexing schemes, look-up tables, and hash tables.

[00101] Figure 3 shows a series of exemplary graphs 32 of correction factor
values versus temperature for maintaining a constant output signal frequency for the
crystal oscillator emulator 10. The data for constructing the curve may be attained in
any manner including device-level testing and batch-mode testing.

[00102] Exemplary device-level testing may include testing each device to
determine correction factors to be applied to the semiconductor oscillator to maintain
a constant output frequency with changes in temperature. in one scheme, a
baseline value for the semiconductor oscillator control input is determined for a

predetermined frequency and at a predetermined temperature of the semiconductor
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any manner including device-level testing and
bat ch- nbde testing. [00102] Exenplary device-| evel
testing may include testing each device to determ ne
correction factors to be applied to the sem conduct or
oscillator to maintain a constant output frequency

i U194 A TSRS T psoine vy
R e R L —

sen) conductor 21 die of the device such as the | owest
chejactefisting Bamplinevalues mag alsoche measured foryeachepotential output
measured directly or interpolated from nmeasurenent of

freauencyer Alsoi dmselinervatues ifot ieachBpotdritiab oubuterofBEncy may be
al so be neasured for each potential output frequency.

exttdpalatedafroi te vasslR®e VAlue sReh lefhirfadt
frequency may be extrapo?at ed“?%ﬁ%@gfaégeﬁ%%ew% $igch as by

o S S S, RSB VRS ar SR htential output
freieihyb e b o] B aosol i \Glids B s iaios adtsmency factor, to

conpute the baseline values froma single baseline
°°W9+']f?et}'e[bﬂ§ﬂi9? valuestfrarp arsingledaseline yakieni conduct or

die is then increased from about the | owest operating

t erf@163Jur e heo tarperaturb eofrthei sermiconduetor @i is then increased from
tenperature in discrete steps. The nunber of discrete

aboutethei Jowest espirhting | Bnigsratite B0 Wholit XtHe® 'mﬁgi?ﬁdfﬁ € operating

| evel s to reduce testing costs, but any nunber

) b v, .0n- [ .
T L O L R o .
andfRo8R Smpetélieieldls 1b FBBGGE oo cope, SUE AV Member of discrete

te5€M cogduct a; Fpli % tenperature and the correction
Steps Diy be MsefqifTetarabligan ar-chip paatesis usedbtasheatithe semiconductor

. frequency nmay be i
die, but any means of varying the temperature of the semiconductor die may be

employed. At each discrete step, the semiconductor die temperature and the

correction factor for maintaining the output at a constant frequency may be

measured.

[00104] The correction factor is preferably a ratio to be applied to the
baseline value to obtain an adjusted value for the control input. The calibration
factor may range from any baseline value such as 1. Preferably, a single correction
factor is computed for each temperature step, to be applied to the semiconductor
oscillator to maintain the output signal at any one of a multitude of predetermined

frequencies. For example, if a correction factor of 1.218 is determined to correspond
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measured. [00104] The correction factor is preferably
aratio to be applied to the baseline value to obtain
an adjusted value for the control input. The

calibration factor may range from any baseline val ue
such as 1. Preferably, a single correction factor is

0 . e ure step, t e applied to .

to EERAGE i MmBPBIRrecER B, G 3ol 3% confra iR o1 geamiconductor
signal at any one of a multitude of predetermn ned

°S$'l' I, 8vaY ba aditisted-as aduactien of thepgoreantion facter such @k by changing
1.218 is determ ned to correspond 22 to a change in

the saplplaingut infproymortion ttbethet terredionr fatctarn plnt andthehalternative, the
sem conductor oscillator my be adjusted as a

cofrectidri factef mahdecappiieet iothef Badeihe Vaflib asrBYpsHRYtd'the desired
the control input in proportion to the correction

t t t o t r [ f . .
Ul Pbauertyn e qefferdo! B Cfibisfo el 36T WA, Ak GBI input s
eg] freguency to generate a calibrated
ad8fork “Ained Histonts AuTetthp RoRE s i fepsured Coresponding
anqgt her alternative, correction factors nmay be
to ﬁ%é“se gRyveral ouRWrRAURNCIaSatkerth tempasaturasteput put

freguenci es at each tenperature step. [00105]

Bat[0A1085e Batchinmadenftesting tafl crystal | ostiliatore emhilators 140 to obtain
to obtain calibration information 20 may

calitrhation dgfovmativn (20 RaS CadRfitagddushE Yeetdifbel Bsstsngvbr;aﬁucing the

of nmeasurenents for a batch of sem conductor dies:

nuRe? bf Fﬁéﬁ%uhﬁﬁéﬁﬁ@%r a'difich Sf g%@%frgﬁﬁgﬂgﬁnﬁg%gr Iggtgégﬁ%ﬁdﬁ testing,

of crystal oscillator emula

tnYesSRTISAIE 1 2B of Yo p3fclet Sullec]o 5 e same bate
osci | | %t or emulators that _are tested may range from
of JeFRIERAYFIOr SlasyBRY PerHsad for Rl of Sheidevioesin the Teatch. The subset of

devi ces. For exanple, a single crystal oscillator
crystal osctiator @mulators ¢hatearecte stettimalyeangs filon bgettotary proportion of

calibration information stored in each of the
the total quantity of devices. For example, a single crystal oscillator emulator 10
may be tested and the resulting batch calibration information stored in each of the
devices in the batch. In addition, each of the crystal oscillator emulators 10 may be
tested for a subset of calibration information such as the output frequency at a
baseline temperature. The subset of device specific calibration information may be
used to modify the batch calibration information stored in each device.

[00106] Figure 4 shows another aspect of a crystal oscillator emulator 40.

The crystal oscillator emulator 40 is similar to crystal oscillator 10 in function with

similar corresponding elements numbered in the range of 40-52, except that crystal
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devices in the batch. In addition, each of the crystal
oscillator emulators 10 may be tested for a subset of
calibration informati on such as the out put frequency
at a baseline tenperature. The subset of device
specific calibration information may be used to

osdiliRfibf ¥mbilored ﬁﬁhfﬁlsbhhéﬁ:b@%ﬂé‘é%@?é oPB KeARBLY4, & 8 controller 56,

each device. [00I0 Figure 4 shows anot her aspect

an@e%#%&f”&#*’éﬁd‘%@%& B Rlef e (o crystal

o1 0 Thechaater 54 iRk BieglBcafedion che samEshouer die in the

cryst al 23 oscillator emulator 40 may al so include
vicipity of thersemiesmductar-nssillatar, 44 te provide besousée of loeal heating. Any
sel ect input 58 alone or in conbination. [00107] The

typbeoft heatbrt SHamapebe usetddcladinghtrassistoe dieditersoandlirésistive heaters.
the vicinity of the sem conductor oscillator 44 to

Thée h@ét&%ﬁné? %C@pé?étéooiﬁ%s #%n NPt froPheX %rﬂb%‘?étﬁFe sensor

be used i1'ncluding transistor heaters an
h
52 r@sséf&@e&h% Bty B ErisipdRie LRSS ThE ‘Beg%er 54 may
InCHSe DR BN IHEIOT SR dPERSETU IR0 IRVBbHIR GPBPSBRRS (0 One of the
tenperature to a | evel that corresponds to one of the

teraperpturedevels farwdhich fcorreativn faatanshavei eent determinedavie addition, a
been determ ned. In addition, a package having a high

patkegerdlavingp @ad higte thesmain ﬁhpe@aﬁd&e nedy Sritloses ¢he | @Sl oscillator
enul ator 40. [00108] In one case, the heater 54 may

emulstbeage the seniconductor die tenperature to the
maxi mum operating tenperature. Here, during device or

bat[ﬁB O%ﬁ\éﬁlh Jrfez%?ﬁg Y Nehfif 5:49'}15 Hc‘?@#ﬁ‘é@e}) semigonductor die

corTesp maxi mim oper at’i

temperagure%etheOmg)%mduer% e()rp@rgt?ndg ten?;?éjr%{‘ﬁe. Ol-krar%?l %%?lggcé)ewce or batch
level testing only the correction factor corresponding to the maximum operating
temperature would have to be determined, leading to reduced costs.

[0100] The heater 54 may also be controlled to raise the semiconductor
die temperature to one of several predetermined temperature levels fbr which
correction factors have been determined. A second temperature sensor may sense
an external temperature such as an ambient temperature or an assembly
temperature. The heater 54 then may increase the semiconductor die temperature to
the nearest of the predetermined temperature levels while continuously changing the

control input during the temperature transition using extrapolated values computed

from the correction factors.
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[0100] The heater 54 may al so be controlled to raise
the sem conductor die tenperature to one of several
predeterm ned tenperature levels for which correction
factors have been determ ned. A second tenperature
sensor may sense an external tenperature such as an

i t I e : .
no Ry, CTRE! Botireer 56 w2 t%@‘ﬂséﬁ%ogﬂi‘%@?*&#ﬁﬁg Tor example
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factors. 24 [0101] The controller 56 nmay add extra

intetraediateoteperatures drhecgantpdiler S ntayobé iang type df emtigy including a
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prombnubgbidr@uiwhan@alédvt_watrémdméprrmti on 50 to derive
val ues Tor the control input that correspond to
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Lrcuitr d a software ule. [010 The se] ect
e siofmufifih. 8 :880e PE Ol BEalingtieBedie: eitait eduency may be
frequencies fromw thin a range of output frequencies.
selegted 88 @ tunclier @fi éhe impedanse ofsan externabeomponenttdopnected to the
t he i npedance of an external conmponent connected to

selachdnpute| dbe extemal Gompenerdr maly bengemuedirecthy abea ysmtion of the
directly as a portion of the sem conductor oscillator

sentiCorfdtictort osdilaterubRidledt tiesiogpsit fredlehBy ior feditettly 46Bh 3% selectin
sel ecting values of inpedance v?/iqt hi E’da predetZr m ngg’ g

valedBiimpBYahos WARRPS rédbt?ﬁ'l‘ﬁﬂ@&% ?ﬁ‘graa/y&g'fé&%)yd to predetermined

frequencies. The external conmpone
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pre%?gtﬁgta ;:?afssﬁlecéoyrrsm’;t)grlmen(%séﬁic#\ lagtaolres?sr{gnl' g; ggpa%:%gr.

[0103] Figure 5 shows an aspect of a crystal oscillator emulator 100
having, for example, two select pins 102 and 104 to connect to two external
impedances 106 and 108. One or more pins may be used to interface to the external
component(s). The crystal oscillator emulator 100 probes or derives information from
the external components connected to the select pins 102 and 104. The derived
information may have three or more predetermined level ranges that correspond to
selected levels of the emulator characteristics. For example, a single pin connected
to an external resistor may be used to select any one of 16 output frequency levels.

The resistance of the external resistor is preferably selected to be one of 16

predetermined standard values. Each of the 16 values of resistance corresponds to
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havi ng, for exanple, two select pins 102 and 104 to
connect to two external inpedances 106 and 108. One
or nore pins may be used to interface to the external
conmponent (s). The crystal oscillator enulator 100
probes or derives information from the external

one of P dBesitputRBRESicdellst N ARiitesH, IBW PrediSidndHdshMAcomponents

The derived information may have three or nore
e pRBATBBCE 1Bl 0 S5O B FEAREIVA B iy o
extorigE BinBpnRab MY Gl MuiEr B Brap Rt nrpa vplies that each

frequency levels. The resistance of the external o
Co”eﬁegf‘gtter%!essﬁlle%‘éﬁ &1 3 pEedelermined, charastarisic legel. If one pin is

predetermi ned standard val ues. Each of the 16 val ues
usedptheredl diffenert charactepisticidevals Moy deeselectede fawoupipstare used,

frequency levels. In addition, |ow precision passive

then clitiRodifflerent ahargdteristicaldvelsispgyabet Bslegtedera so forth for an
conponents to reduce cost and inventory. Each

PersBSHE Ao TSSO EFLAY t ror

ues that e corr ectro

of _a _predetermned characteristic level. If one pipis
examﬁ%dvpﬁyhiaf? Selndee, B e QLR TEGUBRCY. . feAuehsy plerance, and
selected, If two pins are used, then N*N different
baseling carestor facior. sve exataplepthe erystal escillated esaulatert 190 may have
for an increasing nunber of selection pins. The types

a single delgot i Hd2acormected ¢o arhekieroal resistarinat Meay Bave a nominal
sel ected i nclude output frequency, frequency

valué o@baeee froda BRRP) idTe160r§{r§§étbﬁﬁinfeﬁmv§ff§8!:?r;5aﬁgv of the 16

exanpl e, the cryStal oscillator emnulator
i ' 0. .an,external
pred P At e s g ARy AGE P b CED & Bincs ty e of 16
dawgrougq of 1 lpredet e{ggi Ped val ues. Each of the 16
predpier ey RiiRsG TeqrEReY Iexe!sPessialy rangiog fiem 1 Mg tafiofMHz.
corresponds to one of 16 predeterm ned output
fr[&dﬁéﬁcy Thoet)depad dinpegdanaegi Hif fandn08 e prefélidly resistors,
MHz .
capacitors, or combinations of resistors and capacitors, but may be any component
that exhibits predominantly an inductance, resistance, capacitance, or combination
thereof. The external impedances 106 and 108 may be connected directly or
indirectly from any energy source such as Vdd and ground or any suitable reference
to the pins 102 and 104. For example, the external impedance 106 may be
connected through a resistor/transistor network to Vdd and through a capacitor
network to the select pin 102.

[0105] The crystal oscillator emulator 100 may determine a predetermined

select value corresponding to the measured value of the impedance connected to a
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[0104] The external inpedances 106 and 108 are
preferably resistors, capacitors, or conbinations of
resistors and capacitors, but may be any conponent
that exhibits predom nantly an inductance, resistance,
capaci tance, or conbination thereof. The external

o 285658, RS0 4 SeBEIACE B oo e o

r r an uitabl e reference tothe ins 102 and
mnﬂaﬁlur Replles GarespRndingato resiaiae Bavinaea kb elerance (e.g.
connected through a resistor/transistor network to Vvdd
470an%6Q,h680gh..a tapeeducer demisewand tinvertterysalosts. piTo account for
102. [0105] The crystal oscillator emul ator 100 may

meakirement doleranced eard e aslersfecst theabkRrealr frﬁﬁédféh‘éénﬁ range of
to the measured val ue of the inpedance connected t

lmpéﬁaﬁé’é Saludd! Hragz{: €§ 10 %Eln@g’gg%ﬁf Yalue Seﬂ} Cﬁ%lgct value is

to have a sta e su nom na resi

pfefké?%ﬁiﬁ Rdghplveile, d@#%n‘ 55 BE A andlo \3ieb alck eapmple, values of
i nvent or COS To account fOT I’TE&SUYGITEH!I . .
me@%‘l"%ﬁ* TRIBaNG O 2408 B K6 30HO phESMaK bReAssociated with a digital

i npedance, a range of inpedance val ues nmay correspond
valqa;cgrrgw@dmgsm éctWhile valuerhef mehsuredviasistance from 3001 ohms to
preferably a digital value, but may al so be an anal og

4700a0hms drerassogiabe withah Ltﬂgltélfvalti@‘ 2BHESSOMERY %35‘ c E]'he measured
from 2400 ohnms to 3000 ohns nmay be associated wt

res@tdiicb%clu&éé %nﬁ%r‘i@?ﬂ@%étgga{éﬁ%gs omé %ﬁ%ﬁ lﬁ'lsp%glance and the

neasured resi stance from

L A M ST AR R OR AR,

d dth t I
deterSR AriTRoRonEg dGa i boa ferseehaHaualves may Molude 3 or

select pinis used to determ ne a correspondi ng
morg; ¢igitall values and preferablysange diagh 118 tovtd digitatrmiues pardselect pin.
The3di32tal values corresponding to each select pin may be used in combination to
describe memory addresses. For example, a device having three select pins each to
interface to impedance values that are mapped into one of 10 digital values, may
describe 1000 memory addresses or lookup table values. The contents of the
storage locations corresponding to the memory addresses are used to set a value for
an output or internal characteristic of the device. Another exemplary device may
include two select pins, each configured to interface to external impedances that are
mapped to a digital value within a range of 10 values. The digital values in

combination may describe 100 memory addresses or lookup table values that may

each contain data for setting a characteristic of the crystal oscillator emulator 100.
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nore digital values and preferably range from10 to 16
digital values per select pin. The digital values
corresponding to each select pin nmay be used in

conbi nation to describe nenory addresses. For

exanple a device having three select pins each to

of G995, FpurdRFERRE avﬂw'gﬁéd?%egﬂﬁ%%gﬁﬁ%fmc%s &l oscilator

ddre r | ookup | e val ues. The contents of

emulgigr a@z)'l Jg'ﬁ icafgalcSFF'&tﬁbrﬁmHEtho1?ﬂe‘“ﬁl§iﬁi§§ya select P'ﬂ 122 to
addresses are used to set a value for an output or

interface tman eiemat irppdance d24ithat iscusedt forrsmietting a configuration of
exenpl ary device may include two select pins, each

the crystal gscilator enmulatorfi@0e Tie extenridldmpedaAoen2ass kﬁ*ﬁtar in function
are mapped to a digital value within a range of

and%obé%th@@)d@h%lﬁr%bedéhéé%&16‘an8%’8' nati.on may
descrlbe 100 menory addresses or | ookup table val ues

LTI, KA ] 5 TR, et i 12
e 8 A e O b ko Pl hscdanc 124

oscillator emulator 120 includes a select pin 122 to
Foriexagpie.ce cusenh may be supplieth tal the exterdalt ivptedance sad the voltage
for selecting a configuration of the crystal

thatds deléleped aerossaherextéial iffpedaniter12al theARRsRred 1 Ao, & voltage
simlar in function and scope to the external

may b® ffipreessd %&ﬁ)@lﬁe%mhpﬁ%@daﬁcmuém r‘ﬁgé&%tthe current.

126 connected to the select pin 122 neasures

t functio
AnyChEEblisfont GERARLE, b} *‘8&%‘5}%&&%3? aed%o?]amlﬁf Y beused to
Iled t he, ex nal i npedance and the voltage
meq"%jjé’ the e é‘?aéﬁ@é‘f%fg %§§ ‘PE@C’&& YRaic %é‘@ﬂrﬁ;ses'@ﬁq techniques.
n measured. Also, a voltage may be inpressed
Exe %@s ReasusRmenh afechniguesnincludes tming heircuiteasanatog e  digital
current. Any neasurenent techni que for measuring
conpertersy (ARCshoaadt digimy toe analeg tconverters (DACs).  Preferably, the
measurement circuit has a high dynamic range. The measurement circuit 126 may
generate an output having a value comresponding to the value of the external
impedance 124. The output may be either digital or analog. The same output value
preferably represents a range of external impedance values to compensate for value
variations such as tolerances in the external impedance value, interconnect losses,
and measurement circuit tolerances due to factors including process, temperature,
and power. For example, all measured external impedance values ranging from

greater than 22 up to 32 ohms may correlate to a digital output value of “0100".

While measured extemnal impedance values ranging from greater than 32 up to 54
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measure the electrical characteristic including
dynam c as well as static techniques. Exenplary
nmeasur enent techniques include timng circuits, anal og
to digital converters (ADCs), and digital to anal og
converters (DACs). Preferably, the nmeasurenent

circuit has .a high nam.c, range. The, ur nt
ohms gy th?iatﬁa\?" g@e‘ﬂé'itajt Quw?ogﬁlﬂﬁt oﬁag'f@ﬁ' a ([RFtual extemal
.__corresponding to the value of the external inpedance
impeganceryalugs: gie aeSpbset aft the raeagured extemehimpedanee value to
sane out put value preferably represents a range of

acceuntdontile valpe dariationsal Bersexampleyjretiecaloviecsases|the actual external
vari ati ons such as tol erances in the external

imped@estavaiaey ahight befr@hCRNREB0 bINRE Hhd fraMBETRASHGHRE! In each

circuit tolerances due to factors including process,

cash SFAREEi e A o TP Sl B gy cotre

w22 Up to 32 ohmns orrelate, to a digital output .
W'“\%ﬁ@% "8Pgeo $Her .asw%i&g“ﬁéiﬁjﬂédwwer ﬂythlﬁrm@ﬂamépenswe low

val ues ranging fromgreater than 32 up to 54 28 ohns
Pregifipn ceRmMpeagRiSt may ke disedl toogelest amongst ¢f rangeo of higihgprecision
actual external inpedance values are a subset of the
outpuasline delext ealnelmayrpe daed dinettiy @steovariabte valueftorcontrel a device
val ue variations. For exanple, in the above cases the

chapadtordticeof tienarystal GRENABE BM(AGIORI201 Iite P&ridDIOVaRE fridy also be

30 ohns and from 36 to 50 ohns. In each case an

det%mﬁgﬁﬂﬁi?é%ﬂ&l%n?{ﬁéc%éé%ﬁaz&éi stor may be selected to

ave a val ue’ centere Ih the range, such as 27

oh d 43 ohns. In thi ., pexpensi ye | ow

o SaEHLo, B HlTRioe: B, ToY e el G arlebla heas that may be
range of high precision outputs. The sel ect val ue nmay

selggied) a8 @ funelien el thesselect yalugs| Ehe starage sireuint2bmay be any type of
device characteristic of the crystal oscillator

storagel structureQincluding acontbhie addressably aiesmorpe static and dynamic
determned indirectly fromthe sel ect val ue.
memory, and look-up tables.

[0109] For the case that the measurement circuit 126 generates output
values that have a one-to-one correspondence to the external impedance values, a
digital value determiner 128 may then set the output value to a select value that
corresponds to a range of extenal impedance values.

[0110]  Figure 7A shows a relationship between groups of impedance
values 150 and associated select values 154. The groups of impedance values 150
may have a one-to-one correspondence to groups of digital output values 152 which

are converted to the select values 154 associated with each of the groups of

impedance values 150. The impedance values ranging from a minimum impedance
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[0108] A storage circuit 127 may include vari able
values that may be selected as a function of the
sel ect value. The storage circuit 127 may be any type
of storage structure including content addressable
menory, static and dynamc rn=:rmry,h and | ook-up
t apl es. 109]. For the case that the neasurenent .
valug; FOC 8i Wa%g%u'a]elﬁmegﬁege e RePargiad, insinto, dhreea e mpre groups, with
one-to0-one correspondence to the external inpedance
each groer havingd geminal impedante. el he meminaddmpegdanbe valusss of each of
the output value to a select value that corresponds

the gooups magebenbelestedrtodiavenp apacing between ndrihkaPImpbdatc® values.
7A shows a relationship between groups of inpedance

Herd 2heasorhira| @ﬂdeﬁ%éhﬁ{s%o‘s 85 Yhimg/ ;‘L/‘Jf W gf'o'ifbs Jﬂﬁ'g)_egra]xgce values

groups of inpedance values 150 may have a one-
nav SERRAPGPIS i, 1R ScHo BoPlieH B hBtba UEIHESEE v s
I at ith h of the groups of inpedance _ )
oroHE B oA ek Ssith 58y any PedaeSica relatonsip
m ni mum i npedance 29 value to a maxi num i npedance are _
mays bpaisacetp eatablish spacisg hetweencther gropps saichhas dagarithmic, linear,

group having a nom nal inpedance. The nom nal

andi expatential. v diheespazing betwedn impedanss groupym2§ be based on any
sel ected to have a spaci ng between nom nal i npedance

impB8ARES valubRiTehe GRsup2antinain é'déﬁﬁnal%lt?é]'%n 80¢kada value, a mean
ohns f T ave a

, of the groups of inpedance val ues f
00k o) The,. ' e h roups_,of,.
v BRSEREAE AP TSI ERLE Rt BB o o e
. ,0gr essi on owever any, mat hematical, rel ati onship
'mpﬁ%gﬁf‘e’ﬁw@o‘”ﬂge SRuAs At the,8R3GIR0 Mravieelde varigus dplerances such
such as logarithmc, linear, and exponential. The
as teatalergneetdichs exipawh impedanop.stheatoleranbe afdinternahyoltage and
i npedance val ue of the groups including a non nal
cumeat seurces, ane the tolerince, ofthemneasurement circuit. The tolerances may
for example be caused by process, temperature, and power variations.

[0111] Figure 7B shows a relationship between ranges of impedance
values 156 and associated select values 158. The ranges of impedance values 156
have a direct correspondence to the select values 158. The impedance values
ranging from a minimum impedance value to a maximum impedance are separated
in into three or more groups, with each group having a nominal impedance. The
nominal impedance values of each of the groups may be selected to have a spacing
between nominal impedance values. Here, the nominal values, 27 ohms and 43

ohms, of the groups of impedance values have a spacing of 16 ohms. This direct

comrespondence between the ranges of impedance values 156 and associated select

30



val ue, a starting value, and an ending val ue. Factors

that influence selection of the inpedance range of

the groups and the spacing may include various

tol erances such as the tol erance of the externa

I npedance, the tolerance of internal voltage and

cur t soyrces,. and . the tolerance of the neasurenent .
valugs {58 mayrihe fBplemente %y#orf graraplgm A é‘%'@"@%@@gﬁ"@yto digital

process, tenperature, and power variations. [0111]
convertpr{eotghowmws a rel ati onshi p between ranges of

i npedance val ues 156 and associ ated sel ect val ues

15[112)e rRefgrringbackie FigCe, amlauaﬁesbt:%enérattﬁ_ 800mag Hetermine
correspondence to the select values 158. The inpedance

meni&yU68atidnNétiritdpbh8MgttohB! d!a'gigﬁo\ | SRS HAR Gy ﬁgé’&ié’@d Q/vitheextemal

maxi mum i npedance ar € separ Ininto three or nor
: y )AL r [ n ' i.ppedance. .
impétideR cohinkea0ng sk A, o8 mBhA locallBi ke arouped i
b t eq, ha spacin bet ween nom na
any AL RGN A8 Bt s Sincle, SolkchPiaIa PRRIBJabiElog e select pins,
and 43 ohns, of the groups of inpedance val ues have a

and epthird wgderitable fonthree Belect pinsect  correspondence
bet ween the ranges of inpedance val ues 156 and

as @iyt edAs ebrirdller3P32 ahugssetS8 d@Vicd echdrabiefslic & the crystal
by, for exanple, a nonlinear analog to digital

oscifHoY Bhiubitot 120 a8PH¥RLtion B fhe varRibhs VAINE. PafEvArbié Palue may be
6, an address generator 130 may determne nenory
[ I Lol di gi.tal. oyt.put lues
oen: B4 480 B 16 PRy HIEE bRl BBl e soloc
sel egt, pins. e nor ocations nmay be grouped in
valu3n R ddieiined om the chaienis pf 8 18R asatiop:camespoading to the
| ookup table for two select pins, and a third order
exterpgl| impedanee, values soaoectedre the selest pinscontrol | er 132
may set a device characteristic of the crysta
[0114] The select pin 124 may also be used for impiementing an additional
function such as power down (PD), power enable, mode selection, reset, and
synchronous operation. In this aspect, the select pin 124 becomes a multi-purpose
select pin 124 for configuring the crystal oscillator emulator 120 as well as
implementing the additional function.
[0115] In one aspect, a first range of impedance values connected to the
multi-purpose select pin 124 may be used to configure the crystal oscillator emulator
120, while operation of the additional function may be controlled by a voltage or

current impressed on the multi-purpose select pin 124, or impedance values outside

the first range of impedance values.
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oscillator emulator 120 as a function of the variable
val ue. The variable value nay be generated directly
by the neasurenent circuit, determned indirectly from
the select value, and determined fromthe contents of
a menory |l ocation corresponding to the externa

[0114]
Tl OB oot RIS B0 o Rene gkt Anesdilator Bpsema 2000 generate

an additional function such as power down (PD), power
an asfpig havingody @eﬁéﬂ@dﬂa‘tefpnhea' e, osaillatorsyesemidy 806 includes a crystal
operation. In' this aspect, the select pin 124 becones

oscilaton lemulator (202eto diveat phrise [b2K 166p (PRDY | rzcmr ITHe Efyetal oscillator
crystal oscillator emulator 120 as wel |

emul4tst Q@%b?%é BﬁanéMhtﬂJﬁ@tﬂJn Eﬂacstthﬁ'?ur [81111@] as Jec gf the crystal

aspect I rst range of | npedance va ues con

ool ETESEEEIRERLAEL, 1A A a5y e any
tvpeSﬁ%%%ﬁéh %2%@?%@%%@8&%”?%9“ controtied
mul ti (ﬁurpose sel ect pin 124, or inpedance val ues

ouf@#1 t Nulti-pugosessajectqfing 206 dmdc208 arlayetse uSdd for selection of
[0116] Figure 8 shows an aspect of an oscillator

the aperatingyp@@inétery forethal PLL 2040 $UBH! ad e MividePRIctaldi The multi-
wavef orm The oscillator assenbly 200 includes a

s 3 981 B B 1 T oo

ructure
s 22 B el eionr
above. The oscjllator_assenbly may i ncl ude an
refofRi8 clockolor Sabratin BSHA, redisiors 230:and aFdmay B connected to
[0117] Multi-purpose select pins 206 and 208 may be
the muditphosecselect pinsc206 ahd 208:txselegt e mmetailng frequency. The
the PLL 204 such as the divider factor. The nulti-
ranges of values of the external resistors 210 and 212 correspond to the selection of
different operating frequencies. Each external resistor 210 and 212 may be used to
select one of 16 predetermined operating frequencies. In combination, the external
resistors 210 and 212 may select from amongst 256 operating frequencies. To
control multiple functions, each of the multi-purpose select pins 206 and 208 may
receive signals within different voltage ranges. For exampie, one multi-purpose
select pin 206 may connect to an external resistor 210 across which a voltage in the
range of 0 fo 2 volts may be developed to determine the resistance, and the multi-
purpose select pin 206 may also receive a reference clock signal operating in a range

of 2 to 3 volts. A decoder 214 may detect signals on the multi-purpose select pins

206 and 208.
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pur pose sel ect pins 206 and 208 may al so be used for
control and operation of the crystal oscillator
emul at or 202 such as output frequency sel ection and
reception of a reference clock for calibration.
External resistors 210 and 212 may be connected to

AL PR SIS A8 A o 5 s o
t
AN L e (L N

external resistor 2.10 and 212 nay be used to select
inclusies afcrystapasciiator emulatarp802t cormectastemc Pek. 304 A frequency
conbi nation, the external resistors 210 and 212 may

contsell devicé r conrTt 36 tAB 6eroseil abddiltatdr eenifater B2 Hay dynamically
control nultiple functions, each of the nulti-purposeé

conﬁﬁ' et onﬁ’t?ﬂ? frédfieAc\ of 5k Eﬁ!stalr SQ&IIé‘tﬁr %'nﬂf‘é‘cb? 302! Mrhe frequency

ffere vol t'age Tanges or ex

o 410095 ) 8o 60 G, i e

dtod
bias et S B e Semiaepobctar é’s%l%lt&ﬁ%edéc&ngéhﬁrgf?n%%mrol input

may al so receive a reference clock signal operating in
voltage appjied tefthe resoriant capacitoks a thel semibhduetpr detiftator.
signals on the nmulti-purpose select pins 206 and 208.

32[011B18] Figiie o (Oskidw\Shet cpRirstish 5P 8RTdpELPsE bl é@k@p oscillator

300 for generating an output signal having a vari

emlﬂétéﬂueﬂlcﬁlocﬁh@o@ RthicHIUctY RS {(olr 35 %aﬁggd for generating an

I ncl udes a cryst osci ['lator enuI
Afr cy. tro ce.Cco eteéj(

o e g B o SR .

contr th ut fre of the crystal oscillator

Gand %%Iq*p q%ﬁﬁ&%édc*@rﬂmra@e% icorstagl fneguangy over a

deV|ce or technlque including a varactor, controlling
predsiermiped srapger efntereparetiseof In innes aspesy thes talibration may include

oscillator, and controlling the control input
varying the temperature of the semiconductor die over a predetermined temperature
range and measuring calibration information for maintaining a constant output
frequency. The die temperature may be measured in the vicinity of the
semiconductor oscillator. The calibration information may include control input
values versus die temperatures for maintaining a constant output frequency. The
calibration information may be stored in non-volatile memory on the semiconductor
die. At block 404, an operating frequency may be determined by probing an extemal
component. Continuing to block 406, the semiconductor oscillator generates an

output signal having an operating frequency. At block 408, the temperature of the

semiconductor die is determined in the vicinity of the semiconductor oscillator.
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vol tage applied to the resonant capacitors of the
sem conduct or oscillator. [0119] Figure 10 shows the
operation of an aspect of a crystal oscillator

emul ator. At bl ock 400, a sem conductor oscillator is
provided for generating an output signal having a

| odi c f,ar ntinuing ta bloc 02 he
CorBEAehIEK 18 Hla SEMoNAyede Inft be hkted % anoled to control
.constant frequency over a predeterm ned range of
the g {enaratuse to Ang A5 mekRredeiarnioed fampermbireraysls. At block 412,
include varying the tenperature of the sem conductor
the geantepl einput ghayleber eontralietle @se @afunationr ahgheadié temperature to
measuring calibration information for maintaining a

compansatenforaiianges i the wpeeating! freqdéscyt 6MIRY SltplLe siFhal B8used by
nmeasured in the vicinity of the sem conductor

temBéthbr‘eaérl?a;]ngS:éh el\'/tfﬁ&ﬂo'?é@hbﬁ’&aitiglﬁ Zrﬁfﬁghn%@haﬁﬁa&eé@ﬁ%w fo control the

contr ol ues versus

j } ni . ant output frequency.. T )
conf8} PPt 1B IPBRRH nriatPrimey B G siredy. s cip tergperatures
nmenory on,the sem conductor _die. At block 404, an
that&%ﬁﬁpﬂg 1o skiee iRmPearaiutes. drarathendia tepppraturasgthencontrol input
external conponent. Continuing to bl ock 406, the
valuge mayo he uextapotated |from dhe gatoeedh cakibration drfopmiation.gn@bntinuing to
havi ng an operating frequency. At bl ock 408, the
blodketria ithae frequericy dithesRAPBCsIghATt RSy Bk Qj_ylhérrﬁéalﬁwéige chd &function

the vicinity of the sem conductor oscillator:
ofa(;%quémg%gnfrg Qg&g}( 410, the sem conductor die nmay be
h H e

eated 0Or coo to control the die tenperature to

on nor - det er,mi ned tenperature | evels. At ck, .
41;(’)&5({]% ?&ﬂ.{rﬁ o;ﬂ iﬂws rﬂﬂ/ geg@rﬂ? 3| IoWPower, oscma?or 320 for
function of the die tenperature to conpensate for
gengrgiinge8 PRAPPIE $igBRlat i Hoe flpvqpewey escillater 8@0pincludes a crystal
signal caused by tenperature changes. The stored
oscwa?qrbe@ulm BAR olonselinrataran botives silicon cswiltatot 32He The crystal
control input. The calibration information nay be used
oscillatorerhylaforr322 is riormadly a theoff state to reduce power consumption. At

predetermined intervals, the crystal oscillator emulator 322 is switched to the
powered on state to calibrate the active silicon oscillator 324. The active silicon
oscillator 324 consumes less power than the crystal oscillator emulator 322, so
operating the active silicon oscillator 324 continuously while only operating the crystal
oscillator emulator 322 intermittently reduces the overall power consumption of the
low power oscillator 320. Any type of active silicon oscillator may be used including
ring oscillators and RC oscillators. The crystal oscillator emulator 324 may be

configured in accordance with any of the aspects of the invention as described and

shown in this specification.
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that correspond to stored tenperatures. For other die
tenperatures, the control input value may be
extrapol ated fromthe stored calibration information.
Continuing to block 414, the frequency of the out put
signal may be dynamically varied as a function of a
fr Cy GO | signal. [P120]. Figurg 11 shows a
asmof a F@'\rﬂ%b%vé‘?g JEQYIqOei?%%ng efﬁ'Pquﬁ%WePEPF &lj’t‘ﬂee" the
perj.odi c s,'\ nal . The | ow power oscillator 320 includes
active giligan gsci 189% olutnutandethe rystal gscillater emulatosoutput. A controller
active silicon oscillator 324. The crystal oscillator
328emaly agerneratz? ai sontrol nsighal, ibaset eorfthe fteduericy erorjde control the
power consunption. At predetermined intervals, the

freqoeney of ties atctiversilicos adcilatsr 324 i'lfhes%ﬁt?&%?l 328 b4y also receive

powered on state to calibrate the active silicon
temSePhiai 3 G CYRAEcbHIERs ki385, 46 tomperaure
RO ST A A Tep———
crystal, oscillator emulator 322 intermttentl
and,thi anahientigmprsalire. HRCONTONET 328 May beludeccalibration information

power oscillator 320. Any type of active silicon
for themdtivatsiconmscillatarsig4 similantt the calibratiors irfomadtionsfontise crystal
RC oscillators. The crystal oscillator emnul ator 324

oscillator Ernulaion32Qur The iffbqReAEY SADE May b8 oY ©f sdthéh initial value for
aspects of the invention as descri'bed and shown In

the gﬁﬁﬁolaﬁ’ﬁgl Iahgq?éﬁ the Rénpdantd ilﬁfgfrHHHSﬁ {rﬁégm%ﬁ% with the active

eter requency error ween

siic3h, A GBS SaIBAGH, 1AL Pblo N 350505 i o sign
.coptrol signal, based on the frequency error, to
whilgofhe Gwsiﬂeosqlﬂaéab&%waw 337% inRqweredi dowon In one aspect, the

oscillator 324. The controller 328 may al so receive
temperaiwieasgnaingntisewihtafothe ranystahescillatirakemasator | 322 rmay remain

enul ator 322. The tenperature
continuously powered so that continuous temperature information may be supplied to
the controlier 328. The control signal 334 may be either digital or analog. If the
control signal is digital, a digital-to-analog converter (DAC) 330 may convert the
control signal to analog.

[0122] A regulator 332 may, in response to the control signal 334, control

the supply of power for the active silicon oscillator 324 to adjust the operating
frequency. The supply of voltage and/or current to the active silicon oscillator 324

may be controlled. For example, the regulator 332 may control the voltage level of

the supply voltage.
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informati on may include tenperatures such as the
tenperature of the sem conductor and the anbi ent
tenperature. The controller 328 nmay i ncl ude
calibration information for the active silicon
oscillator 324 simlar to the calibration information

for cryst i) a emul at or 322, . .
fr e@ﬂgmy elrﬁr géerﬁgéﬁbg‘leuéga’ G gH'gg? oéfﬁﬁliaﬁ?rtgg‘f 5, apfaally in the on
tFor thfi. control. signal gnd then the tenperature _
stale GenetAing. 2 Retiedis; AdPH pigwalh, T carstal Bsciliator esmulator 322 is
oscillator calibration information may be used to
normailie the, eff sdater dn the gifstateysither aher arportian of the crystal oscillator
oscillator emulator 322 is powered down. In one

emaigterc822 trhay e moesenédioff &edhBEne! pewet. Nt htedetermined time,
crystal oscillator enulator 322 may remain

powersi dpphied !ty tﬁ@‘t‘gyéiéluééﬁillléiﬁ egﬂﬂ’%thgﬂﬁﬁ.s fﬁ?%ﬁggé&dor oscillator

i nformati on may be pplied t contro
ral 1si be either djgit r L

of B PR R Binuhitr 32¢ Reinen Salbgpiell Wi e stored catiration
cdi gital-to-anal og conyerter (DAC) 330 may convert the
infQrgFatip; fg?egﬁﬁﬁu%'gcya9£ﬁ¥lsg?utmtﬁgpalmfrfegmrmtalr osciiatemgmulator 322
. in response to the control signal 334, control the
Is compared withiibgdrequancytof the putput sigriat ofi thes activieadilttond@ekillator 324

to adjust the operating frequency. The supply of

to determage el frequency erortof thee agtive \sHicdh! b&ifltor 324. The control
oscillator 324 may be controlled. For exanple, the

Snae g T 5ind 1eiOh il i e oy

ol 30 S SAHA i 5 B B A oy

osGi Ll ator emyl at 322.1 S ormally in the off state.

the 5tvg sTiph osellalbr Y24, FRrucing the fragusnay efolor t he
cr)r/@t gl oscillator emulator 322 nay be powered off to
con9d24L pdvighre A2 showscanaspectrefdanather lowpoawer oscillator 350 for
applied to the crystal oscillator enmulator 322. The

gengrating ral periodieo signdlat dihe low power oscillator 350 includes a crystal

oscillator emulator 352 in communication with a charge pump oscillator 354. The
crystal oscillator emulator 352 is normally in the powered down state to reduce power
consumption. During the powered down state, either all or a portion of the crystal
oscillator emulator 352 may be powered down. At predetermined intervals, the
crystal oscillator emulator 352 may be powered up and used to calibrate the charge
pump oscillator 354. The predetermined intervals may be determined as a function
of any circuit parameter such as operating time, temperature change of the
semiconductor, ambient temperature change, temperature of the semiconductor, and

supply voltage change.
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of the crystal oscillator enulator 322 is then
calibrated with the stored calibration information.
The frequency of the output signal of the crystal
oscillator enulator 322 is conpared with the
frequency of the output signal of the active silicon

%128 Ve T% confbd BLfin aPGHeieE A54Tmey dasude = casigeapump 366,
looei‘ﬁgr Héﬂgv@rﬁq‘ét ClRg assplatyr (61 460 ancoRhass detector 362. The

vol tage regul ator 332, leading to a change in the

chasge pRMMPr edgilatoy 35K ist Istmidan invepsrationoto eeniéntidral charge pump
324, reducing the frequency error. [0124] Figure 12

oscillaiors, axcepbeivat the pafetdie It SR ﬂ%é detsttos 8382 receives a
for generating a periodic signal. The | ow power

refél'éﬁbé lcm[%@%i flons 'tﬁéjérifsﬁal Eﬁir enﬁﬁﬁfs" g§% or enul ator

in co cation wt ar e i1l ator

I 52 is nornally
g AL S BB A i o s
nsunption. During the powered down state, either all
0303&% Wg'mlafeﬁ 32 @R theygﬁalrge HuBI losciiator@fdat DNESF the output
may be ?ovvered down. At predeterm ned intervals, the
e

SIglaal§ J¢ selented langt passeduthatugh ¥5€ rmutijploxerBEted plhassfbeked loop
used to calibrate the charge punp oscillator 354. The

366r ddwt phase docked o866 Ganehsted &irt bIpRE Sighal &s a functlon of the
function of any circuit paraneter such as operati

U SandRTLSS kol 13087 R oo pump oo

enmi conductor, and supply voltage change. 36 [0125]
he charge punp oscillator 354 may include a charge

, Jloop filter 358, voltage controlled
purﬁl"ﬁifor ' ration hsn%hqmswmetoemuetorm isThermally in the on

charge punp oscillator 354 is simlar in operation to

stat@ogegﬁfatmaa peEedje quiput signall Taeocrystat asejilatéh amuléter 352 is
reference input of the phase detector 362 receives a

normally in the off state. In the off state, either all or a portion of the crystal oscillator
emulator 352 may be powered off to reduce power consumption. At a predetermined
time, power is applied to the crystal oscillator emulator 352. The semiconductor
oscillator of the crystal oscillator emulator 352 is then calibrated with the stored
calibration information. The output signal of the crystal oscillator emulator 352 is
compared with the output signal of the charge pump oscillator 354 to determine the
phase error of the charge pump oscillator 324. The VCO 360 is then controlied to
reduce the phase error so that the output signal of the charge pump oscillator 354 is
calibrated to the output signal of the crystal oscillator emulator 352. One of the

output signals may then be selected and applied to the PLL 366.
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reference clock signal fromthe crystal oscillator
enul ator 352. [0100] A nultiplexer 364 receives the
out put signals fromthe crystal oscillator enul ator
352 and the charge punp oscillator 354. One of the
output signals is selected and passed through t he

| och@ﬁégLR%egnhg ngg{& ISgh scﬁf 3 | 8[3 Ilr&ﬁgr q§g cgcufgas includes a
st dscliftet enios0Z hatatnemiosch iork BaRsl ocme pamare ciouits

354. [0101] In operation, the charge punp oscillator
50450 the intrgratedy cireuit hB0oreceiveathe gleckrsignalg. aTher érystar osclllator
output signal. The crystal oscillator emulator 352 is

emutator602 can behienmémented s desciithed Qbéve‘?trﬁé&juﬁtﬂﬂ?ﬁmh Figures 1-
all or a portion of the crystal oscillator “enul at

12 352TR& :irbGits Sue rcﬁﬁ |ﬁ&|ﬁdb%\l\g?@éé%§opﬁ‘f‘§ragcw “gf@g{; ﬁft or other

apredetermne tinme r1s appli

[ e_sem ctor oscillator
cIrGHE: 1 7 B @PPﬁéﬁfoﬁaﬁmtoefO@%& P8 s 1o select the clock
lib tored cal i bration information.
fre a%'I“Z%’L‘?fIF}EF CQSE% rh%mlélﬁwt%m af:shownin Figues 48 @and 15.
352 is _conpared W|th the out put signal of the charge
purfP1934i | | Refarring nowdtodeigures 1618 han intbgratec cireuit 518 includes a
the charge punp oscillator 324. The VCO 360 is then

clockrdivider &20t that rgenerateishelopk asignals 4! ofhr Lot ofrhﬁore other clock
out put signal of the charge punp oscillator 354

freqaémhé@mdcnfdmn& B 204t B S| gnﬁbd ﬁgztltl ﬁé({tfvg}y ﬁlgtfl.gts 522). The

osci |l ator emul at or 352.

I|ed to. the PLL 366
c i B%OWE' err %&g&&)g'we?@%ﬁ% sother i a"é{rr“?ﬂ'f‘%rgrgf‘%d"“k divider
igeuit. 50 | udes a crystal oscillator enulator
52@6’2"‘?‘?%’&“ gﬂ @é‘ '&t%s%akw&%@nd@femulﬂph@s éhe clock signal by Y
circuits 504 in the integrated circuit 500 receive
for X, %I W"s‘(@haﬂﬁs’fwscrﬁa elock diviiddrsi2€ may also use one or more
additional ratios and/or divisors for producing different clock signals for other circuits
522. The clock divider 520 outputs N-1 clock signals as shown to N-1 circuits 522 in

the integrated circuit 518.

[0104] In Figure 17, one of the circuits includes a processor 530. The
processor 530 can be connected to the clock divider 520 instead of and/or in addition
to the crystal oscillator emulator 502. Additional circuits 532-1, 532-1, and 532-N
communicate with the clock divider 520.

[0105] In Figure 18, the crystal oscillator emulator 502 provides clock
signals for a processor 530, a graphics processor 540, memory 542 and/or one or

more circuits 544 in the integrated circuit 518. A clock divider (not shown) may also
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emul at or 502 can be inpl enented as descri bed above in
conjunction with Figures 1- 12. The circuits 502 can
include a processor 512 as shown in Figure 14 or other
circuits. An external conmponent 506 can optionally be
used to select the clock frequency of the crystal

be Bitg o The B HENHh 4tk oering Brocesar 840, Pefingy a¢adndior other

. circuit 518 includes a  clock divider 520 that
cw%% @?ygedﬁt@'@@?ﬂﬂt%d ixanyt sidtable mannefor e ot her
cl ock freqlgenci es for circuits 522-1, 522-2, ..., and
I

522[0406L ol | Beferming yowi tochiguse 382)an iftegrated cirduitss(@2cludes one
may be interconnected to each other in any manner. The

or oiove cirduits G62-1,56UR-@] V.. dgnd 1602-1 | (e6kediveRNcitA8 B2) and the low
such as X and/or nultiplies the clock signal by Y “for

powérosdiliRBAB20, WhithPaheratd®as Stesthibed 'aBole $h ¢ I with Figure
adgilefs | 5

may al so use one or nore g |on? La _ o
i AL iy i t clock signa 0 .
I BB L4 Bt 8 B o cvier
| pck si I hown to N1 circuits 522 in the
(nq? ﬁﬁé\ﬂpi#%g%;q giﬁ?'o‘ﬂqu apgiesarbehabovrire 17, one of
the circuits includes a processor 530. The processor

530[0987] be lotegratede cincuits hCY| arek typicalier efcidetingt edpackaging
of and/or in addition to the crystal oscillator

matsrigl.aTie patkaging dhatersiamag iincludé pldste: TThé RS shbsthE may include
532-N cgmrungivg%ite Wi th tﬂe cl oc% di vi der 520. s[Ol%SrT y

padsithiat 8k Sorrfectéd & lRaYs otk 1858 Fahid BV bSﬁH\lg%Q.r gﬁg fC substrate, the

provi des clock signals for a proge sg/
' ooty 542 and/ gr one, or_ nore

oA 63 BOAHRAF e Mhss TPAT Y BB 4 BB o Bropertes o

di viider (no sq wn). may also 38 be provided. The
the paghkaging: 1a ghaéﬁi Rarmlly useshin packagingithe (G amy change over

and/or other <circuits 544 nmay be interconnected in
timgnyhg Ghaagesmayrtause an oscillation frequency of an on-chip oscillator to drift
over time. The changes in the packaging may be due to changes in the dielectric
loss of the packaging material over time. The changes in the packaging may also be
due to water absorption of the packaging material at different humidity levels. As a
result, the packaging material may limit the achievable calibrated accuracy.

[0108] Referring now to FIG. 20, an integrated circuit 700 is encapsulated
in a packaging material 704 according to the prior art. As can be appreciated,
characteristics of the packaging material 704 may change over time and/or as a
function of environmental conditions. For example, when the packaging material 704

includes plastic material, the dielectric loss of the plastic material may change over

time, which may have an adverse impact upon calibration accuracy. As used herein,
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[0106] Referring now to Figure 19, an integrated
circuit 600 includes one or nore circuits 602-1,
602-2, ..., and 602-N (collectively circuits 602) and
the I ow power oscillator 320, which operates as
descri bed above in conjunction wth Figure 11. One of

[ Lt ' a ocessor, gs sh at 610.
the, R LS SR ol o P BTG toitievestialcrwciises a rise i
t descri be aao e. ,éo 07], Integrated circuits (1C) are
CDe; P|‘3df 2 @1%@6 iprAcdjn @ giterpating lecteacal fike Heating is due to
. packaging material may include plastic. The IC
molgsutar afristiony dfndipotts withits th@aMawrialcamﬁﬁ@ttﬁEolbﬁ try to reorient
| eads of a |ead frame by bondwi res. The I C substrate,

therselve withi tres osdiflating tdisdthcal) fiehe deﬁéisi?él@éi!rF]tg\‘ﬁave. For example,

encasepl in the pl astic. The properties of Caai
wt?ﬁé#?%i%{/ i gﬁ}ggh&@gﬁhv‘%,ﬁ%&%@&% ﬁggc‘g@gﬁeﬁa@ﬁ‘ﬁ ave : rr]gg the food
VISE A bR lfeR SHRY laRBsCr i oL s ynaksutabe for

due to changes,in the dielectric |oss of the
USE AR BIGTRWAYRS Sincal they absprimoo Tuch: theate sTheset materials have high
_packagi ng may also be due to water absorption of the
digleairicdoag charsctedstics. dOtheer eaterialsi slidhy aseutie? - typss of plastics
result, the packaging naterial nmay linmt the

experferpealitite car ify iclingccuTREse MaldKRs RRAwS rlbWér ggigéectric loss

to FIG 20, an integrated circuit 700 1's encapsu

charactorRfie& a9igied LS dikbitd %ﬂeﬁ%ﬁgﬁdhg&ié gP%Q go;gqrridor At microwave

art. As can be appreciate rac
' ri.al, 704 may change .over tinme and/or as
fregﬁé}%%f%%trl g\gnrm%lﬁ cﬁﬁ\)??som?g%@? aE%ﬁEﬁf?'F%ﬁ%s. For exanpl e,
whep, t pagkagi ng material 704 includes plastic
mat @Hog? tﬁ\éaaigf eagr@mtm 1abstheofplasiic gnateriak over etimel may also
y change over tine, which may have an adverse

ma
adyergalyt impaet calibretion i ancueanyur aBipce Awateretaies diigh didRctric loss,
the termdielectric loss refers to | oss of energy that

inceeaseduwiatgr gortdnt s thie pacieading material tends to increase the dielectric

loss of the packaging material. In other features, the packaging material may also be
a low stress material. High stress materials tend to warp, which may affect circuit
characteristics of adjacent circuits such as by changing channel lengths. As used
herein, the term low stress refers to packaging materials that tend to be stable and
not change the electrical characteristics of the integrated circuit due to changes in
stress. In some implementations, the packaging material has a dielectric loss factor
(DLF) that is less than or equal to Teflon at the relevant frequency of operation, such

as greater than 1GHz.
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tenperature of a dielectric placed in an alternating
electrical field. Heating is due to "nolecular
friction" of dipoles within the material as the

di poles try to reorient thenselves with the
oscillating (electrical) field of the incident wave.

For l e i fgod in a m.crowave, the, )
di pg es assc'?&féﬁldﬂgg r&%ﬁp %ﬁseﬁqi AN pteoraled CIrgHib 740awith @n on-chip
sedhé heat ed. aore materijals such as certain plastics
gpeor HE‘FE"JLRSF BiQr %9 with demperatuse campessationis shawn encapsulated

. absorb too nuch heat. These materials have high
In @ phekaging majskalchitd daving st love dialbdtec low¢ eictelding 46 the present
as other types of plastics experience little or no

invietionnJTheTbacleagiy frizitefial Y iy BB!a Sia%&i@ﬁia‘bh&giggzriﬂﬁteria! having

characteristics. Since the circuits descri be
| ' . ' - ReLES: jehectri ,
ORTeISBRL dbds. Mas Une HERIR, 1l TS0 el 58 Foter fo materals
fal ey i rigl _oyer tine 0 adversely )
nafing & Gilefnt 6oe B ok JaeSian e Rwilde dtRnsdtos ielphant operating
f di el ectﬂ C Ios_?, i ncreased water content in the
reguency,P @'en'ﬁ-e heopeeating frequenoyeeldtbetiGemay diccabove:1 GHz and/or
| oss of the packaging material. In other features, the

2.4 48Ragi nfherapackagingrayateriab Bt4 mayowiset loaspriset ATdfidh®, Teflon®
Hi gh stress materials tend to warp, which may affect

PobjChiondT riFtuoroBthyiinest (RSTPE)adTRRBA® CTdfignBt S
by changi ng channel Ic(angt hs.) As used Cﬁaﬂragi n,ﬂg’%tgémethwe"e

Pfdbmf% EGSSymer ?FEF’},%ﬁﬂgg%@ﬁ?ﬂ,gﬁ%&pa&& Faflon® copolymer

e stable and "not
WSdl he in ed cirecuit due to =~ )
of SRS Shit“lebEudoelfond) (TR Byt Hiekotindoss astc, high qualty
|Racka iH teriatl ,hlas a dielectric |loss factor DLF)
9 a%ﬁa?"' %Q ﬁ’égg‘?rﬂ'ﬁﬂ efflse Ry other packagingmataeals diavingndielectric loss
frequency of operation, such as greater than | GHz.
thajds ?Qﬁfl@{?"m@’f equal i Treflant arercantemplated. iTHecpackating material also

circuit 710 with an on-chip
may have relatively low water absorption.

[0111] Referring now to FIG. 22, an exemplary implementation of the
integrated circuit package of FIG. 21 is shown in further detail. An integrated circuit
package 718 includes an integrated circuit 724 that inciudes pads 728. Leads 732 of
a lead frame 733 are connected by bondwires 734 to the pads 728 of the integrated
circuit. As can be appreciated, the integrated circuit inciudes an on-chip
semiconductor -oscillator with temperature compensation as described above.
Portions of the leads 732, the bond wires 734 and the integrated circuit 724 are
encapsulated in a packaging material 736. The packaging material 736 may be a

plastic packaging material having low dielectric loss. As can be appreciated, other
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sem conductor oscillator 711 with tenperature
conpensation i s shown encapsulated in a packaging
material 714 having a |low dielectric | oss according to
the present invention. The packaging material 714 may
be a plastic packaging material having |ow dielectric

YRRl netRadg, sl Ball g 47y pGRL Mpiati sbulcriamy otber sutable

ss than ar equal to Teflon at a rel evant operating
pa#'%@?ﬂﬁa R‘éghfaﬂu? h@aVCi’eTﬁ@Rm@dat'm i empedimenbfandier bers that
may be above 1 GHz and/or 2.4 GHz. The packagi ng
precgdeariplioms nay al so conprise Teflon(r), Teflon(r)
Pol yC hl oroTri Flu oroEthyl ene (PCTFE), Teflon(r)

Tef [041@1) fReferfimgtreny ¢b IFIGEPS, 4 am| : .
(FEP), perfuor oaT%oxy) (PFA), Tef zel (W%A@gggft%{dgﬁirﬁ')“t package

738 dpelle®ran h-aHipy 't@rﬂﬁe?’éi@ré—@%rflgéﬁéﬁé{?%%]%icgﬁggét’g; 5% Mator 741

| ow dielectric l'oss plastic, quar i
’ [ : th kagj terial
2o toha radeH: ydthn. ind embelEiaalracsoraicanpisaier oscilator

JTeflon are cont enpl.ated, The packagi ng material also
7411§§J"1?§§%3 PBl'aﬁeWri}EQ qIrshitURAUGOR P4 r fx gless 1gyet 741 is bonded to the

. Referring nowto FIG 22, an exenplary inplenentation
integratedeCirquitt substratel 760rusing apeeryalie foxy iayeR 250 xy layer

in further detail. An integrated circuit package 71

750 may e amlow dietentrt kebsci THelsd Ryek al, beCé%t%@;lg?%g?%o and the

728. Leads 732 of a lead frame 733 are conn

integpaidy diait éabstratel 740 E?éjénga?&g?it?{j]'ie}?? H&tgggéiﬁggﬁ%gepamqo. In this

circuit. As can be appreciate

case the' dRfedfic WhCH e S%ﬂla@ Qﬁé}%‘i&?aé g% f%g&hi_%;l \gg; EQ ¢hes distance

t enper at ure conpensat"
l eads 7 t he bond wres 734 and the

bet\%gégﬁ%dr@c "r72 -@ndiglp aag(agg}g:gpgqnaétwa. i hegefore, changes in the
di r%a{:ka i ng m?teri al 736. The packaging material 736 may

efgg paand/er ptharaghargciesistics of the\pavkabing st t760Care less

.l 0ss. As can be appreciated, other 41
critical as a function of time. However, the packaging material can be low dielectric
loss material. While the glass layer is shown over the entire integrated circuit, the
glass layer may be limited to a smaller region immediately adjacent to the
semiconductor oscillator.

[0113]  Referring now to FIGs. 24 and 28, an alternate integrated circuit
package including an on-chip semiconductor oscillator according to the present
invention is shown. This embodiment is similar to that shown and described above in
conjunction with FIG. 23. However, the glass layer 744 defines a cavity 746. The

cavity 746 is adjacent to, aligned with and extends over the inductor 742. An air

cavity 752 is formed between the inductor 742 and the glass layer 744. A thin epoxy
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types of packaging such as ball grid array (BGA), flip
chip and/or any other suitable packaging technique
may be enployed in this enbodi ment and/or others that
precede or follow [0112] Referring nowto FIG 23, an
alternate integrated circuit package 738 includes an

s r epconpensat e m copduct or
2R 750 & folrigh BeBh et T i HBSE JAteTer 4 dudihe inegrateeirowin substrate
7.,,’bhi S enbo?‘ign?ﬁt, t he sem conductor oscillator 741
SpreasQthen thari the eavlly 746 cihe glassusyer 744 mayrbe btohed to define
| ayer 744 is bonded to the integrated circuit
the; gguity and dippedsihrepaxyv e Agjadeintly e to yldssy Riyer Phay Htfude multiple
epoxy layer 750 may have a low dielectric |oss.” The

laygraiefglasy end atfeast bRetd@hasiy sév@?@rﬁl%é thé

integrated circuit substrate 740 encapsﬁl%t ed in a

pac iang b thhs e, t dielectric,
pedigosh hgﬁsﬁ’bﬁéi“@%’af R3. 26 % S4BRGtor o phrchin, seisonductor
; [ e n the indyctor 742 and the

°s‘:3'ga§‘f<’gg’ﬁé?grbf?ataé’?‘?s§¥€ %@?Hm%?%ﬁsmerewaﬁgwnensaﬁ@n as previously

d di &I@ectri c | pss and/ or other characteristics of the

e ABes ARy EnetS PRE beanprasiatads howeyer ithers aresother ways of adjusting
function of time. However, the packaging material can

thenesqiliaiing; feequancydndepsndemt from abjuswrg|taetdagagik@%d/orhinducto, of

t he

| ayer is shown over the entire integrated circuit,

thegsamsicohdyetor ossilidter! i mited to a smaller region
i mredi ately adj acent to the sem conductor oscillator.

[ 01foah 5fef eRéféiﬂn?‘%vP QEZ#@.: 2% ﬂ@t%grptgﬂ_%ﬁugrg\% “ncludes a

integrated circul package i nct

fraiRiiel e BeiBillonThRL i chitamiberstura oompamsaiion iaput.  The

ho nd described above in conjunction wwth FIG
fra n%@r E’C%ﬁg loPRs831 dyeludesa qdtasecfrequencyi tptetts. 836 that

The cavi téu746 i s adjacent to, aligned with and
receiMegnas eviutt ek thedintagrated4 zirckit ascillaton\e3zy whikhi Bperates as
formed between the inductor 742 and the glass |ayer
described abovien Fhexphase frequency detector 836 generates a differential signal
based on a difference between a reference frequency and a VCO frequency. The
differential signal is output to a charge pump 840. An output of the charge pump 840
is input to an optional loop filter 844. An output of the loop filter 844 is input to a
voltage controlled oscillator (VCO), which generates a VCO output having a
frequency that is related to a voltage input thereto. An output of the VCO 846 is fed
back to a scaling circuit 850. The scaling circuit 850 selectively divides the VCO

frequency by N or N+1. While N and N+1 divisors are employed, the divisors may

have other values.
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42 | ayer 750 is forned between the glass | ayer 744 and
the integrated circuit substrate 740 in areas other
than the cavity 746. The gl ass | ayer 744 nmay be etched
to define the cavity and dipped in epoxy. Adjacently,
the glass layer may include nultiple |ayers of glass
a.cavity forped therein

and east, one, |l ay has a.. . ]
[01_@514@ eff R{;‘tﬂ\’gv@e‘{ the-|sgaling  circuit, 830 isofedsbagk to the phase
on-chip sem conductor oscillator my be adjusted

freguency Bﬁtﬁ?t‘?re%r A tareperaturersanson B58smpasres s temperature of the
descri bed above. As can be appreci ated, however, there

integrates IeincuiteB30 @i theljregionngeat Hise dEC bidiRdton B30I e femperature
i ndependent from adjusting the capacitor and/or

sehsastu@50r outputs hg fg@&ggﬁéc‘s@napsﬁia{ lig! BEed [tg.lja%ﬁs calibration

Referring nowto anintegrated Ccircuit

inforRaticHF 58 thétriér;%fdr%‘% n@?ﬁ’%&ﬁ% .T.ﬁge lsfe)f)ez.‘ﬁqs %q{grgt?mﬂg@ormation is

t enper ature conpensati on

. 831.i ncludes a ase frequency detector
US%@@?ﬁg{s%ﬁ’%gg%mscn ﬂoefﬁop uﬂsfseémeqi alibatior information adjusts a
0SCJ Igéqr 832, which operates as described above.
rau%# tbﬁ \sersdY aad I+ lthet ate Hsed by dee ecalingscircuit 844.

differential signal based on a difference between a

r ef B}Hr'fde_ fR@@Mngqumd’o FIECRE,r & PDARESigma ractional phase locked
differential signal is output to a charge punp 840." An

looput858t jofsHdwn TR A iRtEPatBAO cirbsit| S8 hhe i gl
loop filter 844. An output of ctlrElgltl%%b; tP%ft'@erﬂug%l $2@mperature

compBHSatich MpuY© g O atST is\0sad to st
nRtalch Ppu o e RRIAS ERNAToR kAl ' 4550 to st an outpu

. d Vol .t \nppt thereto. An output of the
o BBlHIobEa T RlAE B0 Pthe SRHGAT enlipafin ot ey acust

scalijn ircuit 850 selectively divides the VCO
qull‘%ﬁ'é?@%?ﬁiwﬁ?" the Aivigers Ngnd Bl+Y thatiaresedi by ther scaling circuit 844.
enpl oyed, the divisors may have other val ues.

[0118] Referring now to FIG. 29, a flow chart 900 illustrates steps for
measuring sampling calibration points using a linear curve fitting algorithm to
generate the calibration data.  Control begins with step 902. in step 904, control
measures sample calibration points at a piurality of temperatures. In step 906, iinear
curve fitting algorithms are used to generate curves for other temperature points
between the sample points. In step 808, control ends.

[0119] Referring now to FIG. 30, a flow chart 920 illustrating steps for
measuring sampling calibration points and using higher order curve fitting algorithms
to generate the calibration data. The steps shown in FIG. 29 may be implemented

using a computér that includes a processor and memory. Control begins with step

902. In step 924, control measures sample calibration points at a plurality of
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43 [0116] An output of the scaling circuit 850 is fed
back to the phase frequency detector 836. A
tenperature sensor 850 nmeasures a tenperature of the
integrated circuit 830 in the region near the IC
oscillator 832. The tenperature sensor 850 outputs a

tur i hat is used to address calibration
tolriBRith e off 358 B2ha hifier oldsraaive g AIgobars areeused o generate
sel ected calibration information is used to adjust
curyRs r athergtemnesature oints bebween thet sample! pdints. | bnstep 928, control
information adjusts a ratio of the divisors N and N+1
endsat are used by the scaling circuit 844. [0117]
Referring nowto FIG 28, a Delta-Sigma fractional

haqe12oick 858 L

Pradot2or <o Refoti Siiow ° BOMIGL! SIAPIET Vfftus, , exemplary

- . i ' i nf i.on, | d

imphitiéntaics SEURCARERATIBAMA Bfh b0 CHeieRinoeay T RIS, 31A, the
ted calibration inf ti dj ust

PraS i I nfioh Bt SAOe0laEL o ANaN Sk drivat 160G The present

. used by the scaling circuit 844. [0118] Referring now
inyentiopncmayy implement enyr integrated |airsuit asech sisemithepror both signal
measuri ng sanpling calibration points using a |linear

precassing andjongoatrgjwiicuits) Whichgsrejehierally igefdiAE !
data. Control begins with step g)z I%,hstep 904, G31A at 1002.

In csomhé dnplaieast ' ' if | : _
O oy S °proRe g BB b Gy, 1002 andior
bt i | _ enerate curves for ]
ot it Tngee T 31 IS 1 0p6 185 BreeSs it rsTercocing andlor
] trol ds. 119] Ref [ t
entXygtbop8Reim GaleulslionS oot faigwt st thasie puthudito andior received
nmeasuri ng, sanpling calibration points and using higher

from gdpagngticestoragei medigmydPP8.hns  to generate the
calibration data. The steps shown in FIG 29 may be

i npil@h&tt ed ThesiBD 40@®mmay eommnaticate aitlashast device (not shown)
processor and nenory. Control begins with step
such as a computer, mobile computing devices such as personal digital assistants,
cellular phones, media or MP3 players and the like, and/or other devices via one or
more wired or wireless communication links 1008. The HDD 1000 may be connected
to memory 1009 such as random access memory (RAM), low latency nonvolatile
memory such as flash memory, read only memory (ROM) and/or other suitable
electronic data storage.
[0122] Referring now to FIG. 31B, the present invention can be
implemented in a digital versatile disc (DVD) drive 1010. The present invention may

implement any integrated circuit such as either or both signal processing and/or

control circuits, which are generally identified in FIG. 31B at 1012, and/or mass data
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902. In step 924, control neasures sanple calibration
points at a plurality of 44 tenperatures. In step
926, higher order curve fitting algorithns are used to
generate curves for other tenperature points between
the sanple points. In step 928, control ends. [0120]

' _ A- 31 vari ous exenplary =
stfRuF e V8 AR 10 e siinal prasrasiio anelestesinidl oircuit 1012
ferring nowto FIG 31A the present invention can .
angor;athgresitcHits dnetshownirin the HVRINIOI6 ey prodéss gatasperform coding
i nvention may inplenent any integrated circuit such as
andiar encryptiobo perferm resliculatiarss siditsr formhat dat® Wadtds read from and/or
circuits, which are generally identified in FIG 31A

» H | , i . .
o Goosat ne amarotoreANBm 1018 1RSS4 meBigpe, he sonel
i ot 4N nay .prpces at a,
pr%‘éérs?é“Pmé’é%’Q?[ﬁgﬁQ%’?‘%‘%‘f“ %%?&E%&#?ﬁ%% Al fnpo?ts%to(v)vn') b the DVD
| cul at i ons, and/ or. format ta that is outpu '
104 ¢28, 5. B ford Oﬂ??rJH{’ﬁt'c?Pé"gﬂ& 2 8nePAiRG andipideccule andior any
0121] The HDD 1000 nmay conmunicate with a host device
Otiiq&ﬁtgr@\ elpeessingdunetions assesiated withubDMD doveaut i ng
devi ces such as personal digital assistants, cellular
phoi@423] redilhe dVDRBivel 31 mayncorhhriniddte witdh Hutput device (not
ot her devices via one or nore wired or wirel ess

showninsack aiy Qrbdrhﬁllﬂ%r,lfé@&/isiahe%ﬂ'gﬂe%%ié?ﬁabﬁne or,more, wired or

connected to nenory 1009 such as random access

ifehiyd ; ' ch as flas ,
T §?““ﬁ*£‘£ﬁ’§ﬁ§”ﬂ$ﬁ£?§*-?§@?\gﬁﬁf§i@f aﬁ%%rcsgnufgygf% with mass
' . erring now
da%gﬁ‘%i%”@@?ﬁts?&%@ﬁﬁ? d)& ac%?fl\'&éaet"f# m@igﬁént'aw masg data storage
ﬁii gi tal versatile disc (DVD) drive 1010. The present
1018 /ey iinsludm@ hard disk drive (HDD). The HDD may have the configuration

shown in FIG. 31A. The HDD may be a mini HDD that includes one or more platters
having a diameter that is smaller than approximately 1.8". The DVD 1010 may be
connected to memory 1019 such as RAM, ROM, low latency nonvolatile memory
such as flash memory and/or other suitable electronic data storage.

[0124] Referring now to FIG. 31C, the present invention can be
implemented in a high definition television (HDTV) 1020. The present invention may
implement any integrated circuit such as either or both signal processing and/or
control circuits, which are generally identified in FIG. 31E at 1022, a WLAN interface
and/or mass data storage of the HDTV 1020. The HDTV 1020 receives HDTV input
signals in either a wired or wireless format and generates HDTV output signals for a

display 1026. In some implementations, signal processing circuit and/or control
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i mpl ement any integrated circuit such as either or
bot h signal processing and/or control circuits, which
are generally identified in FIG 31 B at 1012, and/or
mass data 45 storage of the DVD drive 1010. The
signal processing and/or control circuit 1012 and/or

Qt: IrGuit not sho in the DVD 1010 may process

cir %&?i@%@.”?’@’n&@%& FH@“'P%%&“ r9fotheddDTVe1028} may process data,
al cul gti ons, and/or format data that is read from

Pedpim Seding, ard/iar iencarptiop, perfopmi caltulstions Jermatldatan and/or perform
1016. In sone inplenentations, the signal processing

anynthestypeoot HBT\Eprocessing ®at mag/ow requited. circuits (not
shown) in the DVD 1010 can al so perform ot her

funjos28ps STRE HOTONCOAY fitaABEAMUAESRIMAY A Bhia?Bbrage 1027

ot her signal processing t1ons assoc
[ 10 : ive 1010 0 ni cate
thabXores e Ma iyl Yty Sycty o, Bhoad S5 pagastic storage
: A S| ther device via one or nore wired or
de‘%ﬁ%ﬂé‘i ?Oac%éoﬂb&ﬂﬁ@ WéMVﬁaVﬁéblmgumpnmm%mﬂﬁyam and/or at

communjcate with mass data storage 1018 that stores
leaghpne VI3 may havedhe sonfiguration ErowraksFIGIt3 Bt TheddDD may be a
1018 may include a hard disk drive (HDD). The HDD nay
miniviaDt thet innitidesione iovmorshplefiters) habing 2 HamdiBe thitDs "Ei¥aller than
be a mni HDD that includes one or nore platters

ap;blr.a)éi;mme@' figaneTae HDIV 10206 ﬁé,# Bk &%&g@%ﬁﬁ%ﬂ%ﬁbﬁ% such as

The DVD 1010 may be necte
C L0M l.at ency nonvol atil.e nmenory
RA%C'EO}Z' aSI - I'¥mnrd§&§1?8 OIm%%R@f Sgﬁbt%mésﬁl@%mp%ia@dmr other

; a_storage 0124] Referring nowto FIG 31C, the
sm%%ies S%FRPH&e‘?ﬂtLoﬁ%"'@gﬁ- e HPHR@ 840 &lpa may support connections with
efinition television (HDTV) 1020. The present
a ¥i3 8 VAN netwerlcinterfaceny02%it egrated circuit such
as either or both signal processing and/or control
ci ri9426}, vRefeiring moweteeFEG] §1Dgené ighésshtiimverition ifibiéments any
at 1022, a W.AN interface

integrated circuit in a control system of a vehicle 1030, a WLAN interface and/or

mass data storage of the vehicle control system. In some implementations, the
present invention implement a powertrain control system 1032 that receives inputs
from one or more sensors such as temperature sensors, pressure sensors, rotational
sensors, airflow sensors and/or any other suitable sensors and/or that generates one
or more output control signals such as engine operating parameters, transmission
operating parameters, and/or other control signals.

[0127]  The present invention may aiso be implemented in other control
systems 1040 of the vehicle 1030. The control system 1040 may likewise receive

signals from input sensors 1042 and/or output control signals to one or more output
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and/or mass data storage of the HDTV 1020. The HDTV
1020 receives HDTV input signals in either a wired or
wireless format and generates HDTV out put s!gna:s for
a display 1026. In sonme inplenmentations, signa
processing circuit and/or control 46 circuit 1022

' ' . sSh 0 he HDTV 1020 nmay
Ao oLt 2 FLsSe Tt plefme BBl RE, YR oBiroL Akstom 1040 may B part o an
rform.cal cul ati format data and/or perform any .
anﬁgﬂ@f 5{%@9 évsmzﬁé%c%@amghpn@wsm. dielemgtics system, a vehicle
[0125] The HDTV 1020 may communicate with mass data
telsmatisgesystern, at lane departure dsystemn an adaptiveaéiuise BBARGT system, a

such as optical and/or nmagnetic storage devices. At

vehigies ententainibEnnsystéra\stich s & @Rire8UDYD, Bmae! Biskarfd fie like. Stil
31A and/or at |'east one DVD may have 'the

otrwﬂfripmsmahia@ian_éfapgva%,i,tgngd,gedsl B. The HDD nay be a

m ni HDD that includes one or nore pl _atterls hzilvispg ?Il'he
i that i Ler tha r tely 1.8". )
ror 1850 nanenBoREE pobtiBsdhh: P04D M tommusicats with mass
ROM, . | at ency nonvol atile menory such as flash
da%%’?fg%ﬂgﬁg%ﬁ sleres dafeiinia sosvalstileonannerat Bhe massodata storage
The HDTV 1020 al so may support connections with a

1098 Anay i inclkider aplicat anddc inageetiastorkgs dei@2fdr example hard disk
Referring now to FIG 31D, the present invention

» t 1 H i o ’ ' .
A nlengy e AU OB o W SRS o

FIG! B1Agndrbr b foatt ! OVEL R *haky He BnddleSRIP shown in FiG. 318,

DAt ons: 1he presi 32 that receives inputs
' I m at r : .

B b€ A LT 4 s S o 5550 s i cimotr

ressure sensors, rotational _sensors, airflow sensors
thelf i PREIEE Ay RRroYmAtaly| 68’ e T Rowertnai contenl system 1032 may be

enerates one or more output control signals such as
colg;pﬁ;fﬁg tgg@eman gl Q4dr aueh @ssRAM,aROM sieiwofatency nonvolatile memory
such as flash memory and/or other suitable electronic data storage. The powertrain
control system 1032 also may support connections with a WLAN via a WLAN
network interface 1048. The control system 1040 may also include mass data
storage, memory and/or a WLAN interface (all not shown).

[0129] Referring now to FIG. 31E, the present invention can be
implemented in a cellular phone 1050 that may include a celiular antenna 1051. The
present invention may implement any integrated circuit such as either or both signal
processing and/or control circuits, which are generally identified in FIG. 31E at 1052,

a WLAN interface and/or mass data' storage of the cellular phone 1050. In some

implementations, the cellular phone 1050 includes a microphone 1056, an audio
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operating paraneters, and/or other control signals.
[0127] The present invention may al so be inplenented
in other control systens 1040 of the vehicle 1030.
The control system 1040 may |ikewi se receive signals
frominput sensors 1042 and/or output control signals

TR P 4o Bker ARHF Y0 ol hin a5 0By oo enor

. . ksl OCk brakjng system (ABS), a navigation

'n@s‘?eg’rﬂ‘?eagb{sélsé'ﬁﬂt?%ﬁ %%Qé‘%g N poan’tm(gnde\nee. veiceragtuation and/or other
system a_lane departure system an adaptive cruise

inptievisie. sThe signahpracessingearaiorcortiol mirotits 11 952 mndisHther circuits
as a stereo, DVD, conpact disc and the like. Still

nott skownyrisl ¢mee oelhilap phoRe &1 CBD P bacRds dta2BkrdRR coding and/or
( pomertr);rin contr ol gp;’stem 1032 rm;k/) comruni ca?}ee W th 9

ennonvlglnél?i(e Iiafgﬁihnanner?l The fr?g@tgt ?ﬁ%%dg&aéghggﬁ@hfﬁfellular phone
i de optical and/or nagnetic storage devices for

fu%(g%h%l e hgrd disk drives HDD and/or DVDs. At |east
one may._have the configuration shown in FIG 31A
andl@%t IJSQ@EHH F BYEnael I8y Communitatguwi imass data storage
shown in FIG 31B. The HDD may be a mni HDD that

10BActhatiedoresedata iroree nphuolatiles nfemiien gsuthd a8 NBiRial drtAér magnetic
is smaller than approximately 1.8". The powertrain

starage delviceg Soreax4ABR Navd Hisk dPiO@é“HD[?%nb?or”BWsy yﬂcﬁgéghone HDD

such as RAM ROM |ow | atency nonvol atile nenor

mashéverthle cBMBLMRAYHIWPHEE. %HF&HI& & I%é%&ﬂq’e @ ; Gy have the

storage. The powertrain control system

coftiiEhien RO873 FiRea181, B M b aom A Y mclues one or
| aclude mass data storage, nenory and/or a W.AN
m‘#’ﬁfpéél‘?%{éé'amgﬁﬂam%tﬁb is prrafler thaarapproximately 1t8’. The cellular

FI G,k 31E, the present invention can be
phone 1050 may be connected to memory 1066 such as RAM, ROM, low latency

nonvolatile memory such as flash memory and/or other suitable electronic data
storage. The cellular phone 1050 also may support connections with a WLAN via a
WLAN network interface 1068.

[0131] Referring now to FIG. 31F, the present invention can be
implemented in a set top box 1080. The present invention may implement any
integrated circuit such as either or both signal processing and/or control circuits,
which are generally identified in FIG. 31F at 1084, a WLAN interface and/or mass
data storage of the set top box 1080. The set top box 1080 receives signals from a
source such as a broadband source and outputs standard and/or high definition

audio/video signals suitable for a display 1088 such as a television and/or monitor
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i npl enented in a cellular phone 1050 that may i ncl ude
a cellular antenna 1051. The present invention may

i npl enment any integrated circuit such as either or
bot h signal processing and/or control circuits, which
are generally identified in FIG 31 E at 1052, a WAN

' data, .storage of .the cellular
angRs SANI8488 inBlos FERR, feingRviBeF o oS sisn sBprassing andlor contro
. ph, n;? é‘gSO i ncl udes, a m crophone 1056, an audio 48
cin gﬁ'&) 1964 g/ %rLR;He%@' revitspnek shownd ob thexset topobopd080 may process
| ack, a display 1060 and/or an input device 1062 such

datg; perfaryp &edingiandiorgen@yptien, perforen ardicadtions, F6EM&Y data and/or
ot her input device. The signal processing and/or

pedormhranly athercsetttep bekFumdtibhor ot her circuits (not
shown) in the cellular phone 1050 may process data,

per codt r j .
0SSR coTHe ke o 840 oA i mass et storege
I .functions. [0130] The cellul ar phone
1085 e, Horél iafe, it 4 G 0ARi1e 88 AR, a1 Be Grass dateostprage: 1090 may
. stores.data jn a nonvolatile manner such as optica
in 8P“9?3931‘d’% magngtia fdoragei dasicesofor oxample Hasd diisk dives HDD
drives HDD and/or DVDs. At |east one HDD may have the

and@ifPYlsat Ab heastoone HDIFIriay Hateathd) 06nfYurhi@sHS 6heWA in FIG. 31A
DVD nmay have the configuration shown in FIG 31B. The

antiiob atagasiore DMD midibhatdthe eaﬂﬂgéﬁéﬁcﬁﬂﬁp&hn i®&. 31B. The HDD

platters having a dianeter that s smaller than

maPBs A inffRt BIDD 4t | c - A s RS i

aE}gnnect ed to m]etprétr 9”01"8%6? éﬁ%h%rgéofgb?%%qvm %/'a‘?'@wr that is
[ Ly Skeh as_flash nmenpry and/ or ot her

sizfB Bt SePrCR sy Bt The 20 d0b TheY BP0 May bR csmnected to
1050 ﬂ%@gﬁnax support connections with a WAN via a

MEFPAN| PRN 3% cBOM6low jajenay neavelatierngenony such as flash
FIG 31F, the present invention can be

memory and/or other suitable electronic data storage. The set top box 1080 also

may support connections with a WLAN via a WLAN network interface 1096.

[0133] Referring now to FIG. 31G, the present invention can be
implemented in a media player 1100. The present invention may implement any
integrated circuit such as either or both signal processing and/or control circuits,
which are generally identified in FIG. 31G at 1104, a WLAN interface and/or mass
data storage of the media player 1100. In some implementations, the media player
1100 includes a display 1107 and/or a user input 1108 such as a keypad, touchpad
and the like. In some implementations, the media player 1100 may employ a

graphical user interface (GUI) that typically employs menus, drop down menus, icons

and/or a point-and-click interface via the display 1107 and/or user input 1108. The
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inplenented in a set top box 1080. The present

invention may inplenent any integrated circuit such

as either or both signal processing and/or contro

circuits, which are generally identified in FIG 31 F

at 1084, a WLAN interface and/or ngss 1825a storage of

X, 1080. The set fo 0X recei ves
mécﬂ% rpi?e\aer%fﬁﬂbﬁm@B ipcludes an '%%yﬁmﬁdb%swua%@ speaker and/or
out puts standard and/or high definition audio/video

auglogﬁatpyt Jack abhe: signal protessing abdss control aircaits 1104 and/or other

tel evision and/or nonitor 49 and/or other video

cirquity ¢motashibwnpof the media qelayerTM406 i BAR! prBEeSE 8t gperform coding
and/or control <circuits 1084 and/or other circult

antlirerterhiyption, plerfolf c%ﬁiulét%sb%m:lé}%tﬂ ?iﬁd%r%eerfo?m 9 Bther media

perfor m codi % and/ or encryption, ﬁy
ons, format data and/ or perform any ot her

t top bbx functi on. [0132] The set top box 1080 may

t s§ dat orage 1090 that stores
dat . eaﬁ? 3% ayg(, ﬁ'le&% M6 Comenicate witomags data storage

i ncl ude opti cal and/ or magnetic storage
1158 (‘I?éssms Saiapschasd cospressed esudibDandiod/ vide®VBSntent in a
At | east one HDD may have the configuration shown in

noRvatatiig@lmanaed/ dn same imsienasTRafdA, TAY Dtsﬁe's&ﬁi audio files include
configuration shown in FIG 31 B. The H

filosi thiat Hﬂpcbhﬁillahﬂﬁ'hh'cmp? 95fn oFBﬂFer@u?t%Bfée?cyﬂﬁ_ gd-ﬁ%ﬂo and/for

di aneter that i s er than approXina 994 :
V|o%%tfohﬁ/ﬁtsﬁo‘ﬂ1él s gﬁgﬁﬁgn(%%}yggylbae rpﬁﬁng{,:}/gq%% n@sg%%tic storage
degllf:§§ E‘Z{ Xﬁg éig% cﬁ{ygg f Iatd]a I@'%}?Q??i{t%p%gt PSIDD may have

connections with a WLAN via a WLAN network interface
the onfiguration] shewerini fGnA1A @mY@ a8 least loaepD¥Eay have the
i nvention can be inplenented in a nedia player 1100.
corriigurgtiers shownrin &iGi 318 dihel R MBIy be*BYini HDD that includes one or

pl

more platters having a diameter that is smaller than approximately 1.8". The media
player 1100 may be connected to memory 1114 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other suitable electronic data
storage. The media player 1100 also may support connections with a WLAN via a
WLAN network interface 1116. Still other implementations in addition to those
described above are contemplated.

[0135]  Referring now to FIGs. 32A-32D, an integrated circuit package is
shown that incorporates an annealed glass paste or epoxy as a layer and/or “islands”
adjacent to one or more selected features of a silicon wafer. One or more “islands” of

the annealed glass paste or epoxy layer can be made on portions of one or both
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integrated circuit such as either or both signa
processing and/or control circuits, which are
generally identified in FIG 31G at 1104, a W.LAN
interface and/or mass data storage of the nedia

pl ayer 1100. In sone inplenentations, the nedia player

. 1100 i ncl.udes a_di spl Q7 and/or a user input 1108

sichorf "SGR, AT, 1615 A2, anerBalq Risgratechnailt package 1200

. inplenmentations, the nmedia player 1100 nay enploy a

mqﬁy a&dliconswafer 42041 Areapmealpdigiass paste daydnorgrgrtions 1206 is/are
menus, drop down nenus, icons and/or a

forpaedhtorartbe csiliain wafer 11204, vi A ioiding Shbfyial HPOEME&Pbe used to
user input 1108. The 50 nedia player 1100 further

encapsWERSs aRoraski of e %choﬁl\Q?fe?uFéM‘?‘s TheS Oéd YMYsChaste layer

audi o out put jack. The signal processing an

l o iWtS nd/or other ciftcuits (,nqt
12BN redicdit oo B8 BYeinlime i aufedipd giass paste layer
rform codi nd/ or encryption, perform
12§§I {eu'\dﬁt ﬁooWQTaq? cf’ﬁlnﬁf Rast é’?éﬁel glicore waler1d84 feemevariations in the
.media player function. [0134] The nedia player 1100
diefagtr sreperies suchas ietastsicdassokthermoldingimateria 4208,
stores data such as conpressed audi o and/ or vi deo

con{@h36] n dhensilioor waifére1 204 ey iddlhcféJH%emi,confjuc(:}or oscillator as
i mpl enent ati ons, the conpressed audio files include

debttilssd bbale AIThe SAMBHIEAYladd B?%ﬂrgﬂg};%@l g@@ gﬁ%ﬁéﬂ%&g glass paste

sui tabl e conpressed audi’o an

i d i | d/ i
hafiEPa d8iafivall 168 HrEBlink 1eiafailft, The 50 4esingsmperature may
d/ DVDs, At | HDD h th
bl BiEr i & temRarRE that el idsdamage the siiconaueter d294. The glass

DVD nay have the configuration shown in FIG 31 B.
Pasie.lameD148¢ may inclwdei glasefritrpaste.n dhedsassopasterlayeromay be applied
platters having a dianmeter that is smaller than

in apy suitabletreagnet. The giass pasiedayer ma be@@eﬂ%iﬂlﬁa screen printing
connected to nenory 1114 such as RAl | ow | at ency

approach, a dipping approach, a masking approach, and/or using any other suitable
approach.

[0137] In FIG. 32B, an alternate integrated circuit package 1210 includes a
conductive material layer or coating 1212 that is applied to the glass paste or epoxy
layer 1204. The conductive material layer 1212 may include a layer of conductive
epoxy. The conductive material layer 1212 may be applied as a liquid and cured.
The conductive material layer 1212 may include conductive epoxy paint. The
conductive material layer 1212 may be applied in any suitable fashion including

dipping the silicon wafer 1204 into a container such as a dish that contains the
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nonvol atil e nmenory such as flash nenory and/or other
suitable electronic data storage. The nedia pl ayer
1100 al so may support connections with a WLAN via a
WLAN network interface 1116. Still other

i mpl ementations in addition to those described above

n L gt e [0135] .Referring now to FlGs.
cofffcBBTirelihat. T GanilEVe TeteabIaNgE 1412 tnsaror reduce electro-
i nc rpoqreﬁt es an_anneal ed gl ass paste or epoxy as a
mﬁ’%ﬂ#‘&“ iniesersncs fspmpidemnakdevicest to one or nore
sel ected features of a silicon wafer. One or nore

"i sOhB" ofn Fie 3BGeadredntdgratedpertuit Qrackagsy 1220 Shcludes the
can be nade on portions of one or both 51 sides of

anhbaledl glaso pastf lRiyer 1B0OB) Whichid aphlled'tb g’re%’étéd portions of the silicon

integrated circuit package 1200 "I ncludes a s
2 I : te | tio
vl F2047 4 16130006 R o ROR Akl 130, RS o amnees
| di terial 1208 ma e used to encapsulate all
odiR $afe TF' SRR incrions Wtk ansbine Torndieiual walgiaisi212. The

Bsste | ayer . 1206 al so reduces the change in stress
copguctive; materiale1dhd dnay cayenshe pannealedyglass 26t 1ayeds1206 while
to isolate all or part of the silicon wafer 1204 from

touchingor pottouichingdhe diliebamafee12o40perti es such as
dielectric |l oss of the nolding material 1208. [0136]

The [6139]con Reféeingl 2y NRY Hie! U A-%‘E};leﬁgﬁ-%gt ftegrated circuit

oscillator as described above. The an ass

pa@ﬁélfé&. 'a?t?/ )e/srqo%@OGIn”W?i 85hUde gp%{n%fezlﬁéatéaﬁpgu&\rléuﬂg package 1240

relQative ow anneali ng tenp

; i t rature be.lower than a tenperature
'"‘%qyaéga{%%egg??g%s% restE yenT20ner theoandudive gnatesal layer 1212,
ste Jayer 1206 may include glass frit paste. The
W“Eqafhgge ‘9%{9@ Mﬁeenh%wwtacmp@mm i 24Ryofshetsillion wafer 1204. In
manner. The gl ass paste |ayer nmay be applied using a

Fi@cP8Bnapraliernatg integpatedctircuit phakage o1 28I0IneRARIes the annealed glass
maski ng approach, and/or using any other suitable

paste layer 1206 and conductive material layer 1212, which are located adjacent to

an oscillator 1252 of the silicon wafer 1204.

[0140] In FIG. 33C, an alternate integrated circuit package 1260 includes
the annealed glass paste layer 1206 and conductive material layer 1212, which are
located adjacent to an inductor 1262 of the silicon wafer 1204. The inductor 1262
may be an on-chip inductor such as a spiral inductor. In FIG. 33D, an alternate
integrated circuit package 1270 includes the annealed glass paste layer 1206 and
conductive material layer 1212, which are located adjacent to oscillator circuit 1272

with an inductor 1274.
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approach. [0137] In FIG 32B, an alternate integrated
circuit package 1210 includes a conductive material

| ayer or coating 1212 that is applied to the glass
paste or epoxy |ayer 1204. The conductive material

| ayer 1212 may include a | ayer of conductive epoxy.

tiye material layer 1212 may be applied as a .
rrgdﬁﬁgﬁﬁﬁ meee@nnem glass paste layermlso terdsl tayredude s change in

may i ncl ude conductive epoxy paint. The conductive

stiess @veatimedhst car? vecurayThecanngaled glass paste Sayer #diftes all or part of
fashion including dipping the silicon wafer 1204 into

the silicohavater frort banatichstinsRe tdigleciRNHRI @Ftiéshﬁlﬁh@s dielectric loss of
conductive material. The conductive material |ayer

th%%&d‘ fratéfall CHHEE Scﬁh ?Eél ?%FIW é:dsgét%tggrg&s? 'When' attempting to

rom external device

s ; [ it k 1220 i ncludes the anneal ed
Ca'gpl;agtgh%&g;{gﬂprg%'prelggg’egagﬁq%ﬁamveappl ied to selected
portj of the silicon wafer 1204. In FIG 32D_, an o
i nt i@f&ﬁed fefewing favkalge FiGs0 3A+3ANs altemaseniégrdted circuit

gl ass paste or epoxy portions 1206 and the conductive

Packages afe shavn thateinciudedanniciale] glisepadte ARARr BRYx§ P¥Mons and a
the anneal ed gl ass paste |layer 1206 while touching or

glasst ortshioohi lager that 6idaits 8R ai¥aGSs aB@@égo&%§3§f aAlRh W&, In FIGS.

now to FIGs. 33A-33D, alternate integrated ci r::wt o
: 3 a nate, i ntegrate
34&:?%%‘??%93’%%%@? zbgcl%:drﬁsu‘t;‘:ggo %ﬂ‘é’ i#ﬁ%éﬂ -L&:egrg?eron wafer 1304.
206 and conguctive materia )
A'ﬁ‘%%%ed é'&%?effﬁ &r@'ﬁ%’&%? E@e atg g){@'md emtha siligan wafer 1304 in a spaced
C ents 1242 of the silicon wafer 1204. In FIG
a@%@%?agpnghlper he AGRagtionse 4306 moay befarked @sidésdribed above. A
i ncl udes the anneal ed glass paste |ayer 1206 and
melging peterial H30@ mayl bé uged. PRSRprodessingasfehe WGP pdrtions 1306 may
adj acent to
be performed such as polishing or other steps to provide a planar outer surface.
[0143] A glass or silicon layer 1310 is supported above the silicon wafer
1304 by the AGP portions 1306. Epoxy or other adhesive binding material may be
used to attach the glass or silicon layer 1310 to the AGP portions 1306. AGP
portions 1306 and the glass or silicon layer 1310 form an air gap 1324 above an
oscillator 1320 in FIG. 34A and/or any other circuit 1322 in FIG. 34B. The air gap
1324 provides the material (air) having the lowest possible dielectric loss. In
contrast, when crystal oscillators are used, the air is needed to allow the crystal to
resonate — in other words, the air is used to allow mechanical oscillation.

[0144] In FIGs. 34C-34D, integrated circuit packages 1340 and 1360

include a silicon wafer 1304. Epoxy portions 1342 are formed on the silicon wafer
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an oscillator 1252 of the silicon wafer 1204. [0140]
In FIG 33C, an alternate integrated circuit package
1260 includes the anneal ed gl ass paste | ayer 1206 and
conductive material |ayer 1212, which are |ocated
adj acent to an inductor 1262 of the silicon wafer
1 04. The inductor 1262 may_be an on-chip inductor
ch &SPaced; gpart relatieaship. | The-epoxpportions 1342 may be formed as
integrated circuit package 1270 includes the anneal ed
degrebed @bove. | Rosi-propessingof thendpoxy pertionset308 may 86 performed
1212, which are |located adjacent to oscillator circuit

suth z® polishingaor otfibrateps t2prbvidd algldddd O&Qﬁs%@%gﬁghass or silicon

gl ass paste | ayer also tends to reduce the chan

laysr £ &Y SUpporidd aBale $RE sRfcol' \{va@el ﬁ%&gsﬂiﬁ? g%lﬂ%f@ogﬁons 1342.

paste | ayer isolates all or par
variati in.the dielectric properties such as
Erghd B @hpf =AREvE Bidi midle Al ekt Shed to aedh famaisss or siicon
artjcul arly advant ageous when attenpting to
Ia)E‘%{I f'%'moeth?sﬁm BRARYERSt1P42. athe wortionsetB0fhand the (aye?]1310 form
Ref erri n%ﬁnow to FIGs. 34A-34D, alternate integrated

ancair gapt1324zahavgean asaillatbntB20 imFIG N84T dndor gl ftHer circuit 1322 in
gl ass paste and/or epoxy portions and a glass or

Fiei B4Don | ayer that create an air gap above portions of
a silicon wafer. In FIGs. 34A-34B, integrated circuit

pacl{g}]ﬁ 13%@%@1% i W'M@?slgggjt\'-ésfé’,? gﬁ%@%ﬁﬁ’-&é@ated circuit

Anne gl ass paSte portions are

o - spaced art rel ationship. .
paab Sl in it g o o SHGEE br B3 hotBedbet Geatds an air gap. In
Flébgylj . A .nolding nmaterial 1308 n?&/a be used.

o f;Sbr*?ﬂ: eorried CircHi pagkagertheohs80L Jududesya ‘@2-shaped glass or
performed such as polishing or other steps to provide
siligop| paftien J363rthetidefines. an @iriGap A364 asEheotC sidHapen glass or silicon

|l ayer 1310 is supported above the silicon wafer

portion 1382 may include multiple sections that are joined together. The air gap
1384 is located above an oscillator 1320. In FIG. 35B, an integrated circuit package
1390 includes a “C"-shaped glass or silicon layer 1382 that defines an air gap 1384.
The air gap 1384 is located above a circuit 1322.

[0146] Referring now to FIGs. 36A-36C, methods for making integrated
circuit packages described above are shown. An integrated circuit structure 1400
includes a silicon wafer 1404, a plurality of spaced AGP and/or epoxy portions 1410A
and 1410B (collectively portions 1410), and a glass or silicon layer 1408. The
integrated circuit structure 1400 is cut into sections along dotted cutlines 1414 to

create multiple integrated circuits, which can be packaged in a molding material (not

shown) as described above.
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1304 by the AGP portions 1306. Epoxy or other adhesive
bi nding material may be wused to attach the glass or
silicon layer 1310 to the AGP portions 1306. AGP
portions 1306 and the glass or silicon |ayer 1310 form
an air gap 1324 above an oscillator 1320 in FIG 34A

and/ n t rcuit 1322 in FIG 34B. The air gap
13218i)4-&vi)/dg%|%fée§¢fét the silicenwafemdQ4 mayniaclusieesne or more bond
ossible dielectric loss. In contrast, when crystal

pa%§c1 420t Gullingref thedayert td0Riat 1434-1eantbd 4t 4-2haVbé bffset from the
crystal to resonate - in other words, the air is used

. H 1 l 1 . . .
cAting e Scomat o115 gt O el T paagang borcros

(OIS (D SLB et Flagk P G RY A LI nleipated routs 1450
s Bfiofh ekl sbreraBe Horb the bffiyati Greaiamiciursctadtons

be performed such as polishing or other
its 28@% pr RAfefENg peWnter FéGSer3%§u3?B\,cen integrated wircuit package
silicon layer 1310 is supported above the silicon
1438 incluries4 absilicore waferywitiorspared addealed Blesy pastet &sd/or epoxy
adhesive binding material may be used to attach the

aress 1410 $hati ieve bé@y Sbafedll(ithCa 1dyer ive MRSterial 1456' are
po%42. The portions 1306 and the I%er ?ﬁ'(gﬁ)’%rm an

s 0ot 963 9 BecBfEhy 810 diold oo iinor 1454

and/ or any other cir

: | : , =358, alternate integrated
cofER e Caiak8 matBBal Aok e ek water. 06 Gunobe diced along
silicon rtion that creates an air gap. In FIG 35A
O"QQFiM?fég‘?‘gﬁ'@ﬁ ‘E‘}Gr?cimd meydRelyde hoad rees 1469 asiskown.
"C'-shaped glass or silicon portion 1382 that defines
an &Q14£ap ingimow 10'FICGs 188 steps! of smethad 1 56®for fabricating the

portion 1382 may include multiple sections that are
intpgrated diregit ipaekagihl eofaFIGLY a32A-33D are shown. Control begins in step
1502. In step 1504, a glass paste layer 1206 is applied to one or more surfaces of
the silicon wafer 1204 and/or select areas of the silicon wafer 1204. In step 1506,
the glass paste layer 1204 is annealed by placing the silicon wafer 1204 and the
glass paste layer 1204 in an oven. The temperature of the oven may be set to a
temperature that is sufficient to cure the glass paste layer 1204. For example, a
temperature of around 400 °C for a predetermined period is sufficient to anneal the
glass frit paste while not damaging the silicon wafer 1204. In step 1508, the

conductive material layer 1212 is applied to the annealed glass paste layer 1204. In

step 1510, all or part of the silicon wafer 1204 is encased in a molding material 1208
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1384 is | ocated above an oscillator 1320. In FIG 35B
an integrated circuit package 1390 includes a
"C'-shaped glass or silicon layer 1382 that defines an
air gap 1384. The air gap 1384 is | ocated above a
circuit 1322. [0146] Referring now to FIGs. 36A-36C

t hods f{.or king.integrated . cjircuit packages i )
sué}gﬁr P%@&c'a E}H{Fé ﬁ]%éefilﬁ{% .scﬂgepnh%r@"ht andiarrethet suitable molding
structure 1400 includes a silicon wafer 1404, a
materials| In stepf152Pacentral@ndsnd/ or epoxy portions 1410A
and 1410B (col l ectively portions 1410), and a gl ass or
si | [0450] | ayier eddiv®f theeforeduing 'erhissdifionts!i thessiliss Wafer may be
1400 is cut into sections along dotted cutlines 1414

reﬂl-é’ce&b?%‘tﬁ‘er’%bfér%ﬁl? 6tﬂéteﬁl?$t e% |t ngﬁglgg fidd} PSste can be

packaged in a no ng nateria not s
j ove. 55 [0147] In FIG 36B, the silicon
'eégﬁggbggg may include one or nore bond pads 1420.
CUtbbEﬁ ofnéhe | ayer 1408 at 1414-1 and 1414-2 may be
of f 1r orAtEmber, of embogimenis af the: lventionrhaye been described.
1414-3 to provide clearance for attaching bondw res
Neyagbelgasvin il bet undersioodthat vadats modifidationsGiay beemalie without
the integrated circuits 1450 is shown after being

depantiag dtoeal tHe epirit Badisebpg ohtisslinvehtion ! ATEbERREY, SothéO8mbodiments
[0148] Referring nowto FIGs. 37A-37B, an integrated

arérwrtﬁwthe%ééifél@?the%’ﬁ@wiryélamﬁ‘s? a silicon wafer wth

spaced anneal ed gl ass paste and/ or epoxy portions
1410 that have been coated with a | ayer of conductive
mat eri al 1456' are shown. In FIG 37A, the portions
1410 are dipped into a container 1454 that contains
t he conductive material 1456. The silicon wafer 1408
may be diced along one or nore cutlines 1462 and may
i ncl ude bond pads 1460 as shown. [0149] Referring now
to FIG 38, steps of a nmethod 1500 for fabricating the
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integrated circuit packaging of FIGs. 32A-33D are
shown. Control begins in step 1502. In step 1504, a
gl ass paste | ayer 1206 is applied to one or nore
surfaces of the silicon wafer 1204 and/or sel ect
areas of the silicon wafer 1204. In step 1506, the
gl ass paste layer 1204 is anneal ed by placing the
silicon wafer 1204 and the glass paste layer 1204 in
an oven. The tenperature of the oven may be set to a
tenperature that is sufficient to cure the glass paste
| ayer 1204. For exanple, a Lgﬁﬁ rature of around 400
C for a predeterm ned perioG ufficient to annea
he. glass frit paste while not damaging the silicon
vﬁhﬁf@%gaﬁﬂﬁﬂ'sln step 1508, the conductive materia
| ayer 1212 is applied to the anneal ed gl ass paste
| ayar 12 integratetiedirclft packadd c@rhpﬂ@ih?: of the silicon
wafer 1204 is encased in a nolding material 1208 56

such as ' I ' escri bed herein,
u Bh%b%te@bﬁun%?%gﬁr%g

and/ or other Suitab erials. In step

1520, control e 0 of the f.oreqoi.n ]
embodi nent s, ?h@q@‘??’%@ﬁ %gis@,r e’ﬁé@ §50s€s & t5mp fﬁfyge of said
. .other wafers or other substrates and the anneal ed
intggraled OEUt can be replaced by epoxy. [0151] A nunber
of enbodi nents of the invention have been descri bed.
Nevert hel ess, aimemory meslulethat stered asciliatorasalibrations and that
nodi ficati ons may be nmade w thout departing fromthe
seleptsr ianearaf saighesofllatdre catibrmtioh®nas Aac fursttiod! of Shaide'sensed
enbodi ments are within the scope of the foll ow ng
teraperatare; and CLAIMS What is clainmed is:

an oscillator module that generates a reference signal
having a frequency that is based on said selected one of said oscillator
calibrations; and
a glass layer;
an epoxy layer that adheres said glass layer to said integrated
circuit; and
a packaging material that encases at least part of said glass layer

and said integrated circuit.

2. The integrated circuit package of Claim 1 wherein said glass layer
is located between adjacent to portions of said integrated circuit that include said

oscillator module.
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1. An integrated circuit package conprising: an
integrated circuit that conprises: a tenperature
sensor that senses a tenperature of said integrated
circuit; a nmenory nodul e that stores oscillator
calibrations and that selects one of said oscillator
calibrations as a function of said sensed

tenperature; and an oscillator nodul e that generates a
reference signal having-a frequency that is based on
sai d selected one of said oscillator calibrations;

res sai.d
SPS ;ﬁ]se ll’ﬁ }qpa QH{?@E:%FE@/ £hof | gqr@ a1dh rejn said oscillator
cka | ng material that encases at |east part of said
m l&§s'“9' Bf ana-anip dndvetepaadewhereic said glassTlayer is located
integrated circuit package of Claiml wherein said
adipcent to pgrionsiof shidcategriatedtoiveait thatjinciedé ohachip rduetes.
of said integrated circuit that include said
oscillator nodule. 58 3. The integrated circuit
package of Claiml| wherein said oscillator nodule

i nclqudes Toig ipfbgrited diRditakagt b Haing ! gyﬁé‘lie‘?n ghSGlass layer

| ayer is |ocated adjacent to portions :
'"‘*PE@@S"%?&@S@;? 4 Yolngs B éa@%@%ﬂg?v%%n‘#é%&&hﬁ adjpcent to

po%ons of saYde integrated circuit that include said oscillator module.

5. The integrated circuit package of Claim 1 wherein said glass layer
includes a cavity that defines an air gap and wherein said cavity is adjacent to
portions of said integrated circuit that include an inductor of said oscillator

module.
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includes a cavity that defines an air gap and wherein
said cavity is adjacent to portions of said
integrated circuit that include said oscillator
nodul e. 5. The integrated circuit package of Claiml
wherein said glass layer includes a cavity that
defines an air gap and wherein said cavity is adjacent
to portions of said integrated circuit that include

an ighduclgin gra H%lr%ﬁﬁg'agﬁ%%én%?rﬁgﬂglhﬁ 59 6. An

I ntegrated ci t pac I ng an integrated

senses. a o anisBPaBl oot Rt MR ! o od o roul 2
menory nodul e_that st res dat a re ating to ,oscill
calibrations &n 'F'Pl%f? B 8RN90r the o?en§g§oa otémnqr%f#& 'of said

_ calibrations as a function of said sensed

integrated sirelit; and an oscillator nodul e that generates a
reference signal having a frequency that is based on
sai d sel ect edaomemdrys matiules cdhat stores data elatingnto, oscillator
and a packaging material that encases at |east part of

califratioh$ lapdr ihbe deletts oHEofadld bRtillatdrovulibrationet 4s % function of
loss. 7. The integrated circuit package of Claim6

saW?ér%'eB R gragpé(a#hng mat eri al includes at | east one
Sg e

mat eri al I'ected Troma gr oup consi sting of

L SR . s

trafl th
hav{ng a ¥re%ﬂgngy Olhate 15 abasue%Ir or \é}deréelected one of said oscillator
calibrations; and
a packaging material that encases at least part of said integrated

circuit and has a low dielectric loss.

7. The integrated circuit package of Claim 6 wherein said packaging
material includes at least one material selected from a group consisting of
polychlorotrifiuoroethylene, fluorinated ethylene propylene  copolymer,

perfluoroalkoxy, and a copolymer of ethylene and tetrafluoroethylene.

8. The integrated circuit package of Claim 6 wherein said packaging

material includes a low dielectric loss plastic.
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8. The integrated circuit package of Claim6 wherein

sai d packaging material includes a low dielectric

| oss plastic. 60 9. An integrated circuit package

conprising: an integrated circuit that conprises an

oscillator nodule that generates a reference signal

havi ng a frequency that is based on one of a

plurality of oscillator calibration settings; and a

packagi NAnTRieY i Kt isjgst part of said

i nt ggrat ed ci réctg?tdrg%pﬁgs a Ié%raﬁg%lggectri c loss. 10.

The integra ' I; a g : Mm99 W ' [

nt egrat A mogrelse Gioul RO EoRbrsod B ostEG, fnddlil that

sensor th senses a tenperature of said. integrated
gefFTAEH @ TreroHER . SRRk MGG St ey sk g SeAeL0R: Ane of 2

further conprising a nenory npdule that stores said
plusality of geejifatencaliiration sediagsi #nk. 12. The int egrat ed

circuit package of Caim9 wherein said packagi ng

mat er i al aipagkaging materiak dhatoercasesecati lebst par aifeshid rintegrated

a group consisting of polychlorotrifl uoroethyl ene,
ciréditiand has adowtdigieetnie Ipss:py| ene copol yner,

per fl uor oal koxy, and a copol yner of ethyl ene and

tetrafl uoroethylene. 13. The integrated circuit

package of Claim9 wherein said packaging materi al

| nchydesthe limlgRitl Hitclit pdcRge HFShInT o {herein said integrated

circuit further comprises a temperature sensor that senses a temperature of said

integrated circuit.

11.  The integrated circuit package of Claim 9 further comprising a

memory module that stores said oscillator calibration settings.

12. The integrated circuit package of Claim 9 wherein said packaging
material includes at least one material selected from a group consisting of
polychlorotrifluoroethylene,  fluorinated ethylene  propylene  copolymer,

perfluoroalkoxy, and a copolymer of ethylene and tetrafluoroethylene.

13.  The integrated circuit package of Claim 9 wherein said packaging

material includes a low dielectric loss plastic.
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