| NTEGRATED Cl RCUI T | NCLUDI NG SI LI CON WAFER W TH
ANNEALED GLASS PASTE CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains the
benefit of U S. Provisional Application Nos.

60/ 714,454, filed on Septenber 6, 2005, 601756, 828
filed on January 6, 2006, and 601730,568,. filed on
Qct ob &N TEBERAIGAECIREGI T INGL WRING BUAE DBINAMARERAVMITIgf

U. S. Patent Appl AMNEALEB&LARS RASTEO/ 892, 709, fil ed
on July 16, 2004, which is a continuation in part of

U S. Pat | LhOoR-—Sel | : filed
on Cct o@g@%ﬂ%&%{;ﬁ@ﬁﬁm%gﬁ%ﬁégﬁe her eby
[ rated by reference i thepr entirety. . .
reEBRFCA TERERP oBUR EIars e bRt o0 Solisiong! Application
[ rated_ circuits, and re particularly to ;
Nos; 5@@3#5{52‘&' A P ERETIPER 62 RG] 71 84 M54 AneaH1 4N § P08,
0 iLLpcon wafer. BACKGROUND [ 0003] Precision
andf&%‘%ﬁ@ﬁ%é"ﬁ'@ﬁe?% ehrd  relfln sl Bra canRinuajipadn-gart of U.S.
el ectroni c devices such as cellul ar phones and other
Patenin GRBIGRIAR Y PeEd . Noy 91882, 7% cfilef aproriiharlé. 13394c awinigh is a
used to provide the precision frequency reference in
confimiéasien il @attr ofnilkeS dEaians sAppisatiorrSeral YN al0/272,247, filed on
oscillators have several inherent disadvantages
Octbipryl 1Rli 2QP2, dhgyeobignisyokivhizh &reabereby yncoaputateidghy cefstence in
In addition, the size and cost of «crystal oscillators
their sntiretyat ed to the resonant frequency so that as the
frequency increases, the size decreases, and the cost

and fragility may rapidly increase. As 1 the size of
el ectroni c devices conti nues to decrease, the use of

crystal oscillators TgeromesAINMPIEEDPr obl ematic due to
the size, fragility, and cost |imtations.
[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 tﬁat as the frequency

increases, the size decreases, and the cost and fragility may rapidly incréase. As



[ 0004] Sem conductor. oscillators have been a poor
alternative to crystal oscillators and are generally
unsui tabl e for use as a precision frequency reference
due to excessive variation in the oscillating
frequency, especially with changes in tenperature.
SUVMARY OF THE | NVENTI ON [ 0005] An integrated circuit
thd ls@e paslkatenic aEvidesesoriinlLiEs wefddcredsd, ane LdBNSfakstal oscillators
gl ass paste (AGP) layer that is arranged adjacent to

“belcBfek morelHbblchiRelc!t t9s BRE, ety 88d castThititiths.
mat eri al encapsul ates at |east part of the |IC wafer
and A , ' r :
o008, e BhugtiE o iR Rt ety SR MnBiive to crystal
arranged on a plurality. di sjoi nt areas on at | east
osFREP G e ey o ap b By s BRGNP oS reference
g erial that s arr ged c} a fPortion of thq AGP
HeaéPeF?“etS@b’@?Yariarsﬁ'OBt'ﬁe f & E%“EE, RUENCY Grresially with changes in
conprises a circuit conponent arranged in the IC
teq@eErtureThe AGP | ayer is arranged between the circuit
conmponent and the nolding naterial. The circuit
conmponent conprises at |east one of an oscillator and
an inductor. The inductor conprises a spiral inductor.
The nol di ng nat eSUAMMARYaPSUTHE #VAENTOONI on of the IC
wafer. The AGP |ayer conprises a glass frit. The AGP
| ayp0053 ar Aanerdradt asenkt (0) phekdde WBPFseS iAW Afer and an
of a screen printing, dipping and masking. 2 [0008]

-ar{r{éa%d@gsé Séét@[gﬁ%;l”)tlé‘ﬁar%?ﬁqé' ‘égiaﬁﬁe% RicbA toXRENE \WRFSr,

one of conduct i ve 'epoxy and a”conductive epoxy

o, onel" 4G, 25, BORENGHL i ALl o ot o
th@ .I&O\Prétaeir 958G tn?%@ﬁ‘ia%rr‘.g ﬁgeAéqu)lfJecrtiis \é?raggg Unaelit' least one side of
the IC wafer. The AGP layer is arranged oﬁ 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
arfahged 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 encapsmates 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.



[0008] An integrated circuit conprises a tenperature
sensor that senses a tenperature of the integrated
circuit. A nmenory nodule stores data relating to
oscillator calibrations and selects one of the
oscillator calibrations as a function of the sensed

t at UheethBP fRakidd, aher comsitti®e grRaEFAL esmprises one of a
r ference signal having a frequency. A phase |ocked

conqﬁﬁve@g W &rdng! Hﬂ%cﬁvé‘ %@kezfl GlaihtoOThBan&d oft the edhagdive .

ter an el ectively adjusts t e- f eedback

-.matér?a‘? ?r‘tégggé . @@Sﬁéquyérhg% fwl&?tﬂ%{ |©MRicRAgel Mea container

calibrations I ot her fe ures, the

Comlgglasetgle%%(g‘gcdvgqgﬁgp%ul e conprises. a fractional phase

eedback | oop par anet er is aratio
Jﬂﬁﬁliﬁg glsl'\ﬁq%tﬁg%a é'%"ﬁ&ﬁ’@{ r%%% qgmlpe%ﬁ%eﬁeégﬁggt $Bs a
R e
oscliaigl; p@hbrg\% @rgg SeIEE Q| ‘P p ﬁo&tcgﬁgr%ggﬁ:ﬁy 39% kRN of
the Egmm%udgéégggﬁsﬁursm%uh?ﬁ@g%% Bﬁn%@{éoi%rg?%mﬂ %gn-al having a

communi cates with the voltage controlle | lato
frequeacy. & BRase leskesh9oR Madila, BRtudes é‘é?%%tia&g‘ g‘g 'feedback
sel ectively adjusts the out ut frequency based
loop ipaemetadaRe selestively: atiupg ﬂwacf?eﬁi%ackdﬁap gaf%t‘f%r aaegt o1 the
of the first and second scaling factors based on the
seleni¢onedf thaesoilatohealdsationsat or cal i brations. 3 [0011]
In other features, the first and second scaling
f af04P} arle ether Seaturesedrl PhaseNiogked Noop I“O%‘Fbl comprises a
wherein Nis an integer greater than zero. The phase
fradtiookleshase dpcked dode and Hsr leedback ISpp marapegteaists w@ipiah @agcaling
phase | ocked | oop nodul e and the feedback | oop
factoar afed Emciioral yhese fockedalbobp ncashprises calpbagse diegiersy, detector
The Sigma Delta fractional phase | ocked | oop nodul e
mogalep thzt esoramuhimaiesf mitjuéecyoscillator module and that receives the

reference frequency. A charge pump module communicates with the phase
frequency detector moduie. A voltage controlied oscillator module communicates
with the charge pump moduie and generates an ouiput frequehcy. A scaling module
communicates with the voltage controlled osciliator 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.



detector nodul e that conmuni cates with the oscillator
nodul e and that receives the reference frequency. A
charge punp nodul e comruni cates with the phase
frequency detector nodule. A voltage controlled
oscill ator nodul e communi cates w th the charge punp
nmodul e and that generates an. output frequency. A
scdPPAY  ndawtkercieatuies. ctheckirsivant secend sicalige factors are divisors
controlled oscillator nodul e and the phase frequency

eqgelt iecomndidldtlle aaddwvisaieecN isehy inteyédg@atdiahabtzens. The phase
frequency by first and second scaling factors. A

loc8ed reopenddulencdmipates aaSlighsd DeradrdcibhApitisel Beked loop module
scaling nodule between the first and second scaling

anél ahboieﬁdbadeda% phRénatel ffdieded rr‘r?odlﬁaﬁof\h@f Qsﬁélihgtscﬂ\r/isor. The

cal i brations. e first and second scaling facto are

Sighh¥ i 58K fr%%ﬁéﬂal%’nas%' O%Eil'g?&\' A%S&F r#@&ﬁlg (%rhﬁrlls%gu%a%ﬁ & frequency

greater than zero. grated C
rd e si.ng nmeans .for .sensi i
e e A et e RE Mt PRate g g dhdhef coceives the
tori data, relating to oscillator calibrations
refé%ém% o?’égg%&yti ng BPEYSt pﬁﬂ@ dEQ‘?ql‘P EVPMEBICRERSa Wiindhe phase
fredSand fu%cfoiéon gf the sensed tenperature. Gscillating
refieny gelesiormaedyler b soliage cajtigiad assllateg module aeenoynicates
_,Faged on the oscillator calibrations. Phase | ocked
With dB§ Chiasgm Pumphanodpiecangl thatagenarateacin butput reguencyy A scaling
. feedback | oop paraneter, selectively adjusts the

modele) Baknuniegies aithrtbe eroltbgs embrimlied @ssithtes nestiud endfthe phase
the oscillator calibrations. 4 [0013] In other

frefieency éstectonenqahas endl celeetiveigafividBa it 6@BNF fré§8erty by first and
fracti onal phase | ocked | oop and the feedback | oop

sequdasediiey fastors. I AtSigmal Daits erdduMstor é@ﬁé@rmoa—ﬁ\gtion of the scaling
fracti onal phase | ooked | oop conprises phase frequency

modaleebéMfeenBR Thst éﬁlﬁgem&élﬁﬁt %ﬁho‘?é BQ%;?@H Jhe selected one of

oscillating nmeans, for recelving the re

thei%%léﬁ?rgg%@glwntgﬁ Ws@ﬁ@sse%ﬁ]& SRR AAor9s dNiors 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 oscillétor 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.



phase frequency detector neans. Voltage controlled
oscillator neans, that communicates with the charge
punp neans, generates an Qutput frequency. Scaling
means, that conmunicates with the voltage controll ed
oscillator nmeans and the phase frequency detector
nmeans, selectively adjusts the output frequency based
on first and second scaling factors and adjusts a
rati f the first_and second scalin factors based .
on t[ﬁ%"o%el elt @@%n@a&re%'hg‘eoé)@iaﬁ?a‘PB‘?""dca\@?%rrﬁ?qrﬁns"?mp”ses a
[0014] In other features, the first and second scaling
faghensy shagalogked epanddha dgedusck legrgpaiameter igggatio of a scaiing
wherein N is an integer greater than zero. The phase
fadiek edl Neo Hpcirnegh Phesaplerkss ieprsicgmpripes tRase atedusnay detector
phase | ocked | oop and the feedback | oop paraneter
meRfisuthal apbumizicdten voih thesestilialigg disdnsefor EeeivBiggive reference
Delta fractional phase |ocked | oop conprises phase
ffacequenc whdedee pump means ,genkettes colimamiandt esnmintihatehevith the
oscillator neans, for receiving the reference
phaeg urequency Cheieger puepnsiean®liggaecaritesicd wetifaige reawhs, that
communi cates with the phase frequency detector neans.
cdatrhargeates nwitho lthe cchasge | dustpo rme®a) sgertahates canmautptafreguency.
W th the charge punp neans, generates an out put
- Saating enzys, HaatémauiiRans, witih e valagewantales cailigtbrtrh€ans and
vol tage controlled oscillator neans and the phase
the @EeNBYquaihey eeteRforReds, ssletBely adilyts dhy bd@st fré®iency based
out put frequency by first and second scaling factors.

¥l GePakebdidniRdair fabthrsBaAdN SdRdisUs f8ioniTdhe afst 8Rd 9écdnB&caling
scaling neans 5 between the first- and second scaling

thaetObsscharasle eBiebRe Rl ST edsangoiaiibRgionsci | | at or
calibrations. The first and second scaling factors are

di vi EUD‘I&; eqyalotied Dhtupd (b tidot é’t‘{@eéé%:ohhis%aﬁﬁg[ HMRIGFe divisors
er ] ra

greater than zero. [0015] A nethod for operating an
AUz e At &tk & £ QUIshd GARIREINSIESs SANRHBEr BreckSREH 361, €TRE phase

the integrated circuit; storing dafa relating to
1B8kdd 108b the SRl ERRAHdRNS Sigma Delta fractional phase locked loop and the
feedback loop parameter includes modulation of a scaiing divisor. The Sigma Delta
fractional phase locked loop comprises phase frequency detector means, that
.commuhic.ates with the oscillator means, for receiving the reference frequency.
Charge pump means generates a voltage and communicates with the phaée
frequency detector means. Voltage controlied oscillator means, that communicates
with the charge pump means, generates an output frequency. Scaiing means, that
communicates with the voltage controlied ascillator means and the phase frequency

detector means, selectively divides the output frequency by first and second scaling

factors. Sigma Delta modulating means adjusté modulation of the scaling means
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sel ecting one of the oscillator calibrations as a

function of the sensed tenperature; generating a

ref erence signal having a frequency based on the
oscillator calibrations; and selectively adjusting a

f eedback | oop paraneter of a Phase | ocked | oop based

on the sel ected one of the oscillator calibrations.

[ ORYEPN IthP Srehencs BRI e IR &P Es FhcRed %68‘&6‘["@ one of the
conprises _a fractional phase Iocked ? and t
feﬁ@&awarﬂarahmﬁaﬁ&ﬁeﬁrerarrdssﬁcqnaﬁcahrzﬁ BIAR AT ﬁ@rSO"S equal to N
factor. The phase | ocked Ioo conprises a Sigma Delta
f?eaﬁrenermﬁﬁgeeﬂr@8@@6@@8&5 rT‘?he f eedback Ioop
paraneter i ncl udes nodul ati on of a scaling diviso

[ 0017J004R] i nt'egieiisdiogiqPelAling ﬁ&c‘!&%?@éa“é%r?ﬂ r‘&@%marrr°s sensing a
i nt egrated crrcurt that conprises a tenperature _
éerr@watriha? f@e rrgfégraé°<{ shpiy stipe dgfe fﬁﬁ%ﬂrrgnf?e@%é?*@a calibrations;
circuit. modul e stores data relatrn% .
0SEFFINGL gt Q.faif‘? SF&IRBREAIRFRIOPR &6 SSBNEIASOHe S9B7e% perature;
oscillator calibrations as a function of the sensed
t SRPRRHILI%. TEIRFERECi SR ofaVIeD dul EPIYEReY dtasgdaon the oscillator
reference signal havi a frequency that is based on
t Falibralinscarchisypdively ‘%‘@"B% é‘rfﬁ‘?‘%ﬂa&?{ iooR PHPREIH S @ PRase locked
packagi ng material encases at |east part of the
i RPPAREE AN e saipstedAte AtBe §SPAIPREPEEPRS ¢ | oss.
[0018] In other features, the packaging nateri al L
i ncl ude@is]t |lgagihep iRaturgss Kei amasgeqog{ﬁcggpqpr BRBISgE oy fractional
consi sti ng of poh%chlorotrlfluoroeth¥lene fl uqri nated
6 péeﬁwféa%%d broep@rr Hie fespAciRer PR@MEwRIor saldie,g 2 arﬂ!rne factor.

mer of eth Iene and %etrafluoroethylene
%n%%@ ‘?Fé?%r’? COTRRISF s SWMeoP BEREATR Eh?rSSéec*‘ed loop and

pl as 019] An integrated circuit package
céﬂe%qegégé*ﬁﬂon %regreéﬁrérac%’la%mﬁq“l'arﬂﬁap aéﬁﬂ‘ﬁ‘ﬁgdé‘%%oran
osci | | ul.e that generates a reference
Pavi nglOh T fi cqURGFURHAENAE HEsGaas GATBIRS o e ggated ciruit that

pluraljty of oscillator calibration settings
pa KAy Sy ® PAPIPILUP SBprd SE‘E‘SGFS nﬁ“p&éﬁ‘tt”eo‘?‘ tf‘?r integrated circuit.

| nl\ rrr?cgrs gno%lu{e é'{oresac{;ga re?éc’nng to oscll(ril er ga?rgratrons ancis that selects one
of the osciltator calibrations as a function of the sensed temperature. An oscillator
module generates a reference signal having a fre_quency that is based on the
seiected one of the oscillator calibrarions. A packaging material encases at least

part of the integrated circuit and has a low dieieetric {oss.
[0018] in other features, the packaging material includes at least one

material selected from a group consisting of polychiorofriflucroethyiene, fluorinated

N



[0020] In other features, the integrated circuit
further conprises a tenperature sensor that senses a
tenperature of the integrated circuit. A nenory
nodul e stores the oscillator calibration setti ngs. The
packagi ng material includes at |east one nmateri al
et@éq:r@:p@g)ylppgrﬁoao@fr@upp@gﬁgrog{mﬁb Fid a copolymer of ethvlene and
pol ychl orotrifluoroethylene, fluorinated ethylene
tefﬁafbx@meéméemeo pbe prekaginbmatarst Helukex iovaﬁ@le&tr@dw piagtic.
of ethylene and tetrafl uoroethyl ene. The packagi ng
mat B i Al intserated (chout PaFiager FAMPrises piniagrated circuit that
[ 0024] A nmet hod for providing an integrated circuit
copadieag en oseifirtPrmedulp tatiggnetrieha refemgeasignakhaving a frequency
encasing the integrated circuit in a Packagi ng
thatisebasgld ont hae df asplaralignotiiostidaior celibraiios; sefings. nd packaging
tenperature of the integrated circuit during
ma’qgealeancesss aftleast pgri déthe inelgeated gireuit aysididsl aaipwrdleiectrlc ioss.
calibrations; selecting one of the oscillator
cal jo6R6} i ors aiben fRatods, otheofintep@take neiredit t Birher atammpises a
and generating a reference signal having a frequency
tetripatatire demsedthanseitessetepmardtuomef e ittegrates cirtdiat Amemory
calibrations. [0022] In other features, the packagi ng
modile rsiaaés thechacdator ablibratiat seltivgs. mittee packagmegl reatedd ihelodes at
a group consisting of polychlorotrifl uoroethyl ene,
iehstuaid medtertdl séleetekyfranea groupy tersisting ad | poigetiorotrifluoroethylene,
per fl uor oal koxy, and a copol yner of ethyl ene and
fiirinaedl sthyizet hylopiene Tdupopatdkagierfioraiiidxy alant ng | dopesmier of
| ow dielectric | oss plastic. [0023] A nethod for
efpiiexé Gint gearfiuorictigyieriee d The aadkdgimnp aletgtal eiqiidsseow dielectric
providing an integrated circuit; selecting one of a
logt pragtis.ty of oscillator calibration settings;
generating a reference signal having a frequency that
i's poo2all om trhetheddor pfovidivey @huihedgrdiyd Afircais GakkadeoEomprises
calibration settings; and encasing the integrated
pRividirig dn infegrated atdag encadra il iﬂiegﬁaltéﬁ cifbaR irffla Ip@¥kaging material
dielectric | oss.
that has a low dlelectnc loss; sensing a temperature of the integrated circuit during

opera’uon, storing data relating to osclllator callbratlons, selecting one of the
oscillator calibrafions as a function of the sensed temperature; and generating a
reference signal hav‘lﬁg a frequency that is based on the seiecied one of the
~-oscillator calibrations.

[0622] in other features, the packaging material includes at least one

material selected from a group consisting of polychiorotriﬁuoroethylene,.ﬂuorinated



[0024] In other features, the method conprises sensing
a tenperature of the integrated circuit; and
selecting the one of the plurality of oscillator
calibration settings based on the sensed tenperature.
The packaging material includes at | east one materia
sel ected froma group consisting of
stylangcpiogylgee icopelymeat berflianmalkoiy,uand matmblyehéry bEs@ylene and
propyl ene copol yner, perfluoroal koxy, and a copol ynmer
tetigflucieetiylanse Thedackaging matedaltigildsse lohheiclpagkagisWastic,
material includes a low dielectric |oss plastic.

[ 000®33]An Anmetiodt fed providingt apastegeed @IFBlit PaSkade comprises
integrated circuit that conprises tenperature sensing

pravistings ahdntegeatsd riycdt; t QRN o 0P fa bib?aﬁ'tw&ﬁatgé}ﬁa%gr calibration

circuit. Storing neans stores data relating to

settisgs; |deatratingal ichsrahdeOsignanBaVi®y a $RlB6h ')n@\aR%n@as%(j di'fe one

oscillator calibrations as a function of the sense

of thermherahty Wf ©sciPa6r tdimkatie sé’fﬁﬁ&"} iagg %ﬁﬁ?%ﬁ%ﬁ%t ihgég%tgﬁl Efcuit in

signal having a frequency th ase

i ; bildi&dt@E jog@! 1 brati ons. - Packagi ng
a pﬁggﬁﬁ%ﬁgggsmg h%f%&?ﬁpar?égé Og?he integrated circuit

e o 08 5 e g B o
RERS SO S0 P Bty
ORGS0 AT RS v
ong ARl SER Tl e gonSilig b eOReprateiomiyione,
udlrefl eihiiHe pRYRaRC EoRTERE. RerlhoTgakory.cobri popelier of
ethklgplé’ga}gﬁegrﬁﬂsl?ogg?tﬁ{/lﬁg%p'a ! abr'ét g@éﬁggt%};%lgﬁtglﬂéw a low dielectric

, . . . q
ng at least part of the integrated circuit an
losﬁg\%ﬁ% a low dielectric |oss.

[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 polychlorotriflucroethylene, fluorinated



[0028] In other features, the integrated circuit
further conprises tenperature sensing neans for
sensing a tenperature of the integrated circuit.
Storing neans stores oscillator calibration data. The
packagi ng nmeans includes at |east one nmateria
tsg ected froma &roup consi sting of
StSNG CHPBYISE? iOPAYMEEt PETIdproalkoxy.yaRd waterplynen dleatylene and
ropyl ene copol yner, perfluoroal koxy, and a copol ymer
te"%f‘ug'éﬁﬁyfwe Tdscrackeging mesnsdnslydema lowrdieleptickass piastic.
means includes a low dielectric loss plastic. [0029]
An [0047dgr af\e dnteprated cirguiic Rageageospmprises am intedratpdadiedit that
circuit that conprises a tenperature sensor that
corgpnarss ogciltasing aneans for gfenetadingna egieedred signat Uiakvingad tﬂreguency
menory nodul e that stores oscillator calibrations an
that iabasesl ertonecsfea pluraline of oscillhtbatalibraidrisbseting@nendpackaging
function of the sensed tenperature. An oscillator
megD8l fdreencgeing rad et part eff dhvee imtegrategindtcul@ividMaving a low dielectric
frequency that is based on the selected one o t he
losescill ator calibrations. An epoxy |layer adheres a
glass layer to the integrated circuit. A packaging

nmaf@o28)| eincashsr afeahipast -thparihtefatbd€ cHLAS St r i
the integrated circuit. 9 [0030] In otcher fggt?%rree%?mgnses

tentfpatdteasensiny eheass FGCadrshd el Y@rﬁéb : ;?Coﬁﬁh?bigtgg{%eed circuit.

portions of the integrated Circul

Stovingi rhéaisOstoBaded cBrator NRIiIBSabh | &kP" Tpgg%ld‘(%q/i@ Frllegglg Indlbies at

on-chip inductor and wherein the g

leab06R¢ @hhtaGk Xefdtlted tfr%npgrérhlggstioﬁ 'S%:"th% r<:tjl‘ %ﬁ%ﬁléfog@%uqr%%}ulene,

circuit that include on-T

B S Y oS0 BB ORE BRY Sl o

the cavity iIs adjacent po

leh6 W ' t i or_module. The glass
S i iR auBE e he HEpkadhd s, Indhacky 5 B ectrc
los¥BRisgén the cavity is adjacent to potions of the

integrated circuit that include an inductor of the
0S fid2aft orAﬁT?rng:%ted 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 moduie
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

cireuit. A packaging material encases at least. part of the glass layer and the

integrated circuit.



[0031] An integrated circuit package conprises an
integrated circuit that conprises tenperature sensing
means for sensing a tenperature of the integrated
circuit and storing neans for storing oscillator
calibrations and for selecting one of the oscillator
calibrations as a function of the sensed tenperature.
0sdPP3Yt i nly othesrfealyeasethe olass legbriseivcatesi gabemh adidtgnt to
a, frequency that is based on the selected one of the

PoBigEF |9t dbe ieatmier crauii thabinaue tHéasliact mob@s. ark 8ssilator
|l ayer to the integrated circuit. Packagi ng neans

m igelydes ah ewschip inductof ahbevigirainghé gies AR is bifted adjacent
integrated circuit [0032] In other features, the glass

to patfiens iof the irtegritert pandnthat mauie bRRAiIpOhdudBe The glass layer
i ntegrated circuit that include the oscillating neans.

incitidies asmvity it igfinenas air gae ke @hesin We SR id 8864 R o potions
and wherein the glass |ayer is |located adacert to

of herinvtegratedEirduitthaiihelgd@tRosHillaEsH hodiat Tgé‘gia&ég %a/er ingludes a
on-chip inductor. The glass layer includes a cavity

catityathatlééfineesaairaddp 8P whABFiIMIEE %V’l%)é %eaoﬁg'é’énitt ¥o 'pﬁgc?ns of the

adj acent to potions of the integra ci'rcu

intégraletd Arclinha® el deddd ey 5SS e EQ&M%?‘%IEPLI‘E‘VH

includes 10 a cavity the rnés an Sapt agd

e D od aimebidted B Baalhe' Gifives choPtasrolp it that
corﬁ ﬁr{féﬁghﬁdg{%&?{]ﬁﬁﬁ sir[pgg @%gése %ﬂ;%\g?n%é ?érg&é{%ﬂq% Iog%ea%tegrated
cART SbinG ot PREL uEllebe Byt gro f”q%eeelecﬁgg one of
the?é%l?}%ﬁ Sér:lg)?é‘éiddgg g% iao ?@rbc@n ?céf; £ gtﬁ%rgsre]ag? %@?ﬁﬁ%‘ ﬁ §ngillating
e Rl A roteT R REnSlapRae i e iaigs haspron the
selgRed Rfe oF HELRUHNS theeiaiPrilogs andewe teanes # glass Jayer o
theqﬁgg%%dqgrcdﬁm!?gékglgihg méans 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 méans. The osciliating means
includes an on-chip inductor and wherein the glass layer is located adjacent to
portions of the integrated circuit that include éﬁ-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
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[0034] In other features, the nmethod includes |ocating
the glass |layer adjacent to portions of the
integrated circuit that include the oscillator nodul e.
The oscillator nodul e includes an on-chip inductor

and further conprising locating the glass |ayer
adjacent to portions of the integrated circuit that

a oWty doet dsined iap dinga aod wheTtie tig aasityl i8)rljadeRe td &N of the
. cavity that defines an air gap and further conpri sing ‘
'”tﬁ@@iﬁtg eipuitieatdentiide amitidacientof the eefiagmgmehnt he

i nt egr ated circuit that include the oscillator. The

gl d9833JayeA methatié&s providirig ﬁnhh@@rﬁgéjlmg,t% %e %enmnses
and further conprising |locating the cavity a

sepgingoa i tempendtuteheofi ah egteira@dC irduit t stbh d
i nductor of the oscillator. [0035] An |ﬁg%e%ércglt%ltdo¢ aifffations;

selectingibhe OF Be patileactecHBRHOhS 5 aﬁflwgﬁf@ sgh t%r&gﬁ@ture

portion is arranged adjacent to t

gepenatinga r‘e‘c‘ér@lideaél?l@éi h%ﬂn@%%quér%xttnﬁ lL%a\Qgé nd %gﬁk}cted one

spaced fromthe first portion rst

f therdsciiatp f
o ggst ; (A(rSP c)éﬁtgﬁg dJﬁé% gf(}e altt%@ﬁ‘ig %{bqa& Ia%ﬂg?{) Hggqfafc’ed circuit; and

apn f ortions and, creates
S e PRl th® e PSR I Phoor2led TRl di Gnaackaging
maisidli ons and the 1C wafer. [0036] In other features,

the 1 C wafer conprises a silicon wafer. A nolding
ey e B AR Br R kel f}@%;ugg?: PERlng hecaiass fayer
i R S T
03&&?%"3{?}%8@% IR&L%%%O %%T%c ep ﬁh@é&%ﬁ“@}ﬁ&m?@gw&éxzn&m the
giagé ra&ﬂt %%jagé;rﬁgo HIEUF pp ﬁ*@nxﬁé%r@{gg g@%mfﬁgégltuag r(;?}g;;jc ;rc]igctor
Thé’%?as% Igz r lgc u'glslf; ?atdggylﬁgh agxel "qedsu%%o;" g-fl;gear:dn?ulﬁt%te?rcompnsmg
locating the cavity adjacent to potions of the integrated circuit that include the
oscillator. The glass layer includes a cavity that defines an air gép 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 éecond portion is arranged adjacent

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

comprise at least one of annealed glass paste (AGP) and epoxy. A layer is
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[0037] In other features, the first and second
portions conprise glass frit. The first and second
portions are applied to the silicon wafer using one of
a screen printing, dipping and masking. The
conductive material conprises one of a conductive

nd conductive epoxy paint. The conductive
ar’%g‘géérfia?fac‘r‘gfo@&ﬁ?iﬁéﬁ %PS&% dipqriiqnsaang ereetrrdapeirtgapristween
di ppi the at | east part of the I C package in a

th%@?ﬁ&ﬁ%ﬁgtﬂﬂf SERNAPIRIsEsdhe I waferat eri al . The

I az&m&gs ﬁ}gfi rst wdth that is less than a second

Wi t HeOW8PY fegBiieswihe IC whfer cogipiistera silmopniaers A molding

b[on% ads. The layer has a first width that is |ess
MARAH eRCcaRUrias ak lgadl raTt efithe 4Cwafem thesibper anbithbirsth@l second

conpri Si ngi bond pads that are |ocated in an outer
POFigiSon The ayes aimprisen ataleast op@aB&ilass amttheltbonof A conductive

providing an integrated circuit (1 C) package,
maighglrip ssengpd ediagentytathd Grshadndr secand aigiore. 8 Th 'sticon wafer

portion adjacent to the I1C wafer; arranging a second
coppriseda aifuit enmpboetthe THe \wixf gap a8 dapdRfRd bERABN BR circuit

first portion, wherein the first and second portions
coupnneits thalayeeast! teerirel ananRRbAE faksHE. PERECifcAFRbmponent

12 and epoxy; and arranging a |ayer adjacent to the

cofmprises ahikasteomndf poostinaer anleinehBuctbhe Thay e _
an air gap between the |ayer, the first a%dﬁguecg%rn%%%esa

spipaindumter. and the 1C wafer. [0039] I n other features,
the 1C wafer conprises a silicon wafer. The nethod

furfoes?] i Ny Mﬁéﬁfe%ﬂﬁé@,sﬁla%é%ﬁeégﬁ?iogﬁ@épgc?r{w%%ﬁglés% frit.

wafer, the layer and the first an

Thé Hiest| sriedeco RIPHHDAS afd albﬁl%;tfstootﬂg sﬁifcoﬁ ld\%ig’%@ﬂnrg% glp%: iggg Sereen

The et hod. further inc es arrangi , ,
PG SR eRlod R ond Sk SR R e o o
ooRCIRS SRS OOl 150 B oA v o
thefﬁ%ﬂ%b%%%cj@_ﬁ% |p§§?)hggxﬂ)ed%¥>in%nth%sgti llelas?tt 8&5& aol?otlhegl rI]C 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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further includes the inductor conprises a spira

i nductor. The first and second portions conprise
glass frit. The nethod further includes applying the
first and second portions to the silicon wafer using
one of a screen printing, dipping and masking. The
conductive material conprises one of a conductive

anépﬁg@yy ol EEWM@BIIM@TWWHDHJ thie. firdthend &3thd fb%ﬁtlcﬂ:s wherein
first width that is less than a second width of the

thes |aype eneatesian air gap bebtdendthe uatdretheiinst|andascBR@YbAIORS and the
bond pads on the IC wafer in an outer region of the

ICqyafercon wafer. [0040] An integrated circuit (10
package conprises an IC wafer conprising a circuit

and0839]C" - shatrest featess, (that Id svafr asHISh-a0k aGRRk &Qfeﬁ The

the substrate and that creates an air gap between t

metitd firthpe tholuaies lendasbuldtRg GitNicakt bak
[0041] In other featuresg gaROfﬁie{q@r‘héﬁe’h Iayerand the

firstapapevbrtf Sértiohs. ﬂ?é?ay@ra&;m r‘iges C#?‘?eés?ox@g@ la];‘f1 s%%é 31? icon. The

"C'-shaped | ayer. The - ['ayer ¢o

meteas furthk? i908déY afhRGiag %ngoﬁdiddtleé’ g?atéﬁﬁ %dééc?qlﬁt f,h) dhe digsg and

conponent conprises at | east one

se@dhd ggﬁléﬁQrThJ iﬁ%’ch&f’"ﬁﬂﬁr R&UH&& %?rﬁpg‘:ag é'}u ngg tgae%ween the

A net hod provi di ng an

mréd@koﬁ%héﬂte thEOHRE} Sa%% WOV gt agec!ogd gﬂ&lﬁgg |T§9eplrcu1t

conprising a circurt and

coﬁﬁbﬁ&rﬁ@o s%geat515'§5§tord1%t &t Bﬁ?qeﬁé@ﬂtq ﬁé;g z@ I@ngéd Th@),@qethod

aer creates an alr

| € waf O 43 th
AL B FRE Bl romRifick eivebisekipbr nErenfisteanst second
fer nd the "C'-shaped | ayer. The
poﬁigﬁg (%fmr#r ES é\é:%s\rlv?gorrg ¢ Jpethgd f“ﬁ@%’stn%@ﬁés c?%lppyl%ﬁ‘i%ﬁdst and
seéc#rld' ﬁort The .Ci UIt conponent conprises at |east one
'8% |?| ® SHicqR vale FABECRE O Fhesrpenontng, dipping and

ma%g%“ e con uc{x\% nliantg#glt 8cr1mpr|ses 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 gép between the “C"-shaped layer and the circuit of
the IC wafer. |

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

of the IC wafer and the “C”-shaped layer. The “C"-shaped layer comprises at least
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[0044] Further areas of applicability of the present
invention will becone apparent fromthe detailed
description provided hereinafter. It should be o
understood that the detailed description and specific
exanples, while indicating the preferred enbodi nent
of the invention, are intended for purposes of

ong| efuglesatangnsiedry dife ar@iit cotponestndetpises! atmidast BAe of an
scope of the invention. DESCRI PTI ON OF DRAW NGS [ 0045]

osfillgtor and gn inchichrk THe dghatoroavirzgs anspaanacicted a
crystal oscillator enulator. [0046] FIG 2 is a table

shd@42] a relAtmethsli forbgioviy t&NAkaiHEE dRdit (IC) package
correction factor. [0047] FIG 3 is a graph show ng a

comprisgs prefiding et \eaafdr sRfraing 8 @F&Qi’[_&grérﬁé}gﬁ a “C"-shaped
F?:F:tor.p 14 '[3%048] FIG 4 is a block diagram %ng anopP

i “ 0 F .
layes peifdcent 1@ titd ¥Ebstat® Swhéreft fle “©ILH egtrla%%r cgrégirefs{argalr gap

5 is a two-di nensional view of an as

inlthator- I I al i npedances.
be?ﬁ(?)e(?g(}]héFI@&Sh is@%&daentg gﬁ?é%@ﬁ%@@e?g‘%ﬁgm of an aspect

of st al j I nected to an.
0208 830 B ) BN kg o o
i | eiat | i we n__ex _ _
P e SR St apsd A%’fefvrame ’f?pj%leaf P capges o
' af _an-.as t. of an oscillator asse ,
PP SRR o BRRl PPl e aeRlon o an
os&i@ﬁé@%qdz éﬁr}d%cfcﬂc‘. ?hg«lm%létocrj '3 rp%gneso a sgllllaleilr? u%%or.
spread spectrum
[0044] Further areas of applicability of the present invention will become
‘apparent from the detailed description provided hereinafter. 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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generator. [0054] FIG 10 is a flow diagram of an

operation for enmulating a crystal oscillator. [0055]

FIG 11 is a block diagram of an aspect of a | ow power

oscillator. [0056] FIG 12 is a block diagram of

anot her aspect of a | ow power oscillator. [0057] FIG

13 is a functional block diagram of an integrated

ci rlB848] i RKE.Wdisng binek dirgraorT shasiing antaspacidofaa erygst abcillator

oscillator emulator that generates a clock signal for
emui@obne or nore circuits. [0058] FIG 14 is a

functional block diagramof an integrated circuit

i ndPO#Ing BlGprivisesardiarhsonat yiewadf 2ps88gecBb0A crystal oscillator

ermul ator that generates a clock signal for the

enpliaioessmectetifo pRERGY ipé&lankesj s a functional bl ock
diagram of an integrated circuit including a

pr d0@30jor BIG 6ais erdesaiRdd MGEH dib ofPaR/ASHERS of QSFysﬁz[ oscillator
generates a clock signal for the processor andthat

emesigiboghnedtett ahRterfANMBAEAI L Or setting cl ock speed.
[0060] FIG 16 is a functional block of an integrated

oscillator enul ator and a Ivi de

exterf kmpésdagealvaiudtardnNedighal V2R, Ot her clock frequencies.
[0061] FIG 17 is a functional block of an integrated

ci moesd] i Neld'd BG B r re circuits
a rc[r ys%]al oscCi | | at oPClng %ﬁ'@?ﬁgrg?&@e@l%% O&C@?{?&asﬁﬁg‘?ly for
cHERBRALES .Sj S .. r clock frequencies.
9 [0062? FI &nggg\ns‘é grb%tlﬁg'??%ag}glfb?m'ock of an integrated
Ci ngptdy i n di ocessor, .a graphic processor,
ond orélnorg%éggi?asb,lggr}?e AT Rl 3’9<ﬁS§§?faPpasesPrﬁﬁﬁt%p@ctmm
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 low power oscillator.
[0056] FIG. 12 is a block diagram of another aspect of a low power
oscillator.
[0057] FIG. 18 is a functional biock 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.

15



enul ator that generates clock signals. [0063] FIG 19

is a functional block diagramof an integrated circuit

i ncluding a processor and the | ow power oscillator of

FIG 11. [0064] FIG 20 is a functional block diagram

illustrating an integrated circuit that is

encapsul ated in_a packaging material according to the

pr i[BP3Yr t ; Fi®085] isFadungtionas kio¢kuiizgramalof drodtegrated circuit

. diagramillustrating an integrated circuit with a

inqusingep prefesseioanseasatséal asoillatur prasatocthad dehérates a clock signal
oscillator that is encapsulated in a packaging

forite pracepsdranidniataerpoydare beietridl compesemasosetintdclbék $td.
present invention; [0066] FIG 22 illustrates one
exd@Pbtry Fithliensatfahéctomabblotkef ainestraicacircit ifellding one or
package of FIG 21 in further detail; 16 [0067] FI G

Mm@ dirsuits, S chgstar oSSBT AHdeNcRk Afhvight ﬁ%ﬂp—éﬁerates clock
integrated circuit package including an on-chfp

sigaalsiat ond ve ke @ﬁ@b'o@k%z@éﬁ%&‘?' ng to the present
invention; [0068] FIG 24 is a side cross-sectional

vi ¢006f] anFid.t e RabefunBiGH F&Y oChk %‘Lieprégécg lr%ﬁ'gl‘ﬁt including a

~including an on-chip sem conductor oscl _
praaee&srdbRE of MokdBircUses SR} tél%}éﬁpét'o?gfnu[aqgtﬁz?%]d £ Ic%ck%?viéesf that
ustrating the

a plan cross-sectional I ew |

. e i ELG 24 in further
th%ﬁ&r@é%&ﬁgﬁaéﬁe%&%@hﬁ%i onal bl ock di agram

detail; .

|| bognat] B LG, £hchnc3paG! HOL, 3%@5&1%{1 il including a
Progigggfrg%@é%pﬂgg Qrgagé)%sl%nome%ﬁﬁé@i Q?rsﬁ’lks]; gt?é:r%r?/na%ld ab!:rg){gtgl oscillator
- emulator that generates clock signals.
[0063] FIG. 19 is a functional biock 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 encapsulafed 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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| oop (PLL) that includes a tenperature conpensation

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

a Delta-Sigma fractional phase |ocked |oop that

i ncludes a tenperature conpensation input; [0073] FIG

29 is a flow chart illustrating steps for neasuring

sanpling calibration points and using a |inear curve

fi EBWQ al G&+-i Thiis eoside mepss-seatimhabriati ofan defiethate integrated

_between the sanple calibration points; [0074] FIG 30

cirguit packagm dieduding lanushcatd ngrit@miiciorr ostHRSGH bBGding to the

sanpling calibration points and using higher order
presgniipvéntion; ng al gorithnms to generate calibration data

bet ween the sanple calibration points; [0075] FIG 31A

i s [@pGaInct Fithat4 bl ackideliongssasadiibnal Wiewdodhs kaitkiafe integrated

17 [0076] FIG 31B is a functional block diagram ofJ a
ciraliitypaeagee irbldirlge adi 8K-chipD¥ehiicdRPERE FHdfatd Seddidifly to the

functional block diagramof a high definition
presehigrveariton; [0078] FIG 31 D is a functional block

di agram of a vehicle control system [0079] FIG 31 E

s S ot a0seoy ) YAAICIR o

circiftlpdcRByD&F1G. PAGBHINE Getafll G 1s a functional bl ock
di agram of a nedi a player; 10082] FIG 32A is a side

td i @0 .al e int ted .
i T pdeRhged Rt Bhethel! AREE Riforefl Hstaliy duning or -
car Ao ol RaY e M it 8Rs Sopql B¢, WSS pon” temperature

corﬁé&?g%ii?&mi onal view of an a_l ternate integrated
circult ‘package including an anneal ed gl ass paste

| an?d(ﬁr.]] PO, lﬁyigra R%E:Hgndal cf;rlloc{’jl.kt diagram of a fractional phase locked
loop (PLL) that includes a femperature 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 élgorithm 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 curvé fitting algorithms to generate
calibration data between the sample calibration points;

[0075] FIG. 31Ais a functional block diagram of a hard disk drive;
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| east part of a silicon wafer and a conductive
material |ayer fornmed on at |east part of the
anneal ed gl ass paste and/or epoxy |ayer; [0084] FIG
32C is a side cross-sectional view of an alternate
integrated circuit package including spaced anneal ed
gl ass g]aste | ayers forned on selected portions of a
si | 0B8RI waifd@; 3[1B0i85 fuFicGonalBlock deagvhMeof a dlgltal versatile disk
cross-sectional view of an alternate i nt egrated
(D¥Ppicui t package i ncludi ng spaced anneal ed gl ass paste
and[/ﬂg%_,epoxy | ayers and conductive material |ayers
for bn &tGea1e ipos t fuaBEoRdl I
[0086] FIG 33Ais a side cr ossgg)glét?'gﬁ&lﬂ%g\%‘vé‘ efinition
telavisionnat e i ntegrated circuit package including an
anneal ed gl ass paste and/or epoxy |ayer and a

corfdoz8] ve Fiet B0 R
silic on] vaf er [008875@%@6”&%%?%%&% g veH dé contro‘?system

cr gegrgject Fm%m/iseé"fuﬁéncﬁm%l BlolcR AL S fp g g@ﬂﬁ cRhqne;

circuit package Including an anne

arqoo801ePOKYG. XS afiftnal BIOEK Glagien TPE S pbl[o%gg]

adj acent to an osci ator o

FIl @o#aC i pid Siglg acﬁjﬂéﬁ’on%?% oc%gaéqggw o g!ﬁ%ﬂ?gﬁ&‘)@h

alternate integrated <circui

an d g Sg t d/or epo Iaer and a

coﬂgﬁztal vekﬁt e;%ea s ayer oad) %&@lﬁ"‘“t V‘éﬁf AR dllefrste dttegrated
v I : 33D is si d
cm?rlto%%-kg %(g%da{ Vi'é n]ng?legrglaﬁ B?ﬁﬁta@d(%te@gmi%’@f‘ formed on at

leaSt j i.ncluding an anneal ed gl ass paste
eatt %éi'gb\t a Qiﬂx&?ﬁ/

r epo é’r and a conductive material |ayer
t t t IF’a ducto in an oscillator circuit of a
1 CO = E{wﬁo@@] CFFTRSs-sgalivrgs miewr ef s ddternate integrated
ct views of alternate integrated circuit
c'rc%ggéaﬁk §e r}?gll'cﬁ’ﬁﬂ AY 2aRsRIaH clpsn paste padioe epoxy/ @myerfoigd on at
lea&oﬂatr{ 8fn 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 ihtegrated

circuit package including spaced annealed glass paste layers formed on selected

portions of a silicon wafer:

[0085] FIG. 32D is a side cross-sectional view of an alternate integrated
cireuit 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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and a glass or silicon layer that cr eate 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

vi e of a wafer including nultiple integrated

Ci r@%is?] padiBg83Aiina sidermosmsentbedl geasst fashemardih®igrated
.epoxy portions and a glass or silicon layer that

C'reﬁéa?%ckagf? igelpding 16n [ @08BledIgGess Pafe3ZRU/BF Cpoxy layer and a
si de-cross-sectional views of integrated circui

copdertivgasaterial lagtireagjamentol addulys 855 siasH wapd/ o epoxy
portions that have been coated with a conductive

mat 9PBE) ; &W@. BRIk ﬁh&cr@&—éédﬁbﬁélr\ﬁé\ﬁ%f%e%rg‘ét% integrated

steps of a nmethod for fabricating the integrat

cirguit ceickagadkelgding &f drirealed3 frs32Rhastt 0999): #glﬁgétlgyer and a

reference synbols in the various draw ngs i

contlceiive ehatenalliayer BEROLAED RERELRHPH RBR Rkl ur e L

shows an aspect of a crystal oscillator e ator 10

f or[0088INer #GNWA N %Uéiﬂé“cré%slg%?:g?ﬂﬁe\f‘ﬁbﬁy 'gf %naa_t' rrrﬁégsiﬁtggrated

frequency. The crystal oscil : _
cirﬁmﬂﬁiafcldﬁée?dnrf?ﬂ%iﬁ% ;érggrﬁ)eél%@ 8%@”8&3% adr{dsorusélpggy %ar])}/er and a

process 1 ncil ual

i SN N O AMe [CTReT | tor )
brovese oogl T s o QBRI A S RoanA SR or 10 may

088 A1 SO SO BEL o ek
oré SISy UGS, DO gscillators
coxbcﬂgﬁvg Fat&rid qggerroaldjécré%y tto ellg irt1 uc\{c?rri% gnhgscfi[lra?grugrréi% o?‘fa silicon
wafer;

‘10090] FIGs. 34A-34D are side cross-sectional views of alternate
integrated circuit packages including annealed glass paste and/or epoxy portions
and a gla’ss 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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out put signal. The control input 16 may be any

el ectrical input that effects a controlled change in

t he out put signal frequency such as the supply voltage

of aring oscillator and a voltage input to a

varactor of an LC oscillator. [0098] A non-volatile

me 18 Lncl s_calibration informati on 20 for

co ﬁpp%:ﬂl i n%lg% g’(}gﬁ%fﬁj e Siietross-arplionaly viaws of fintagratesncircuit
‘ t enper at ure. y type of non-volatile nenory may
pagga%eﬁpnmﬁagi?meé&dng%&%m%?ﬁ apd@F e2poxb| Roriiansothat hade been
é@él\‘% The calibration informati on 20 nmay include a
CoglsF vt g cpnap eomatesiab@ngdppl ied to the control input

16 é‘{he sem conductor oscillator 14 to control the

outlﬁ P4si ghli- 38 Wusitatpe pxemplenc stepbrodta mathiodffor fabticatng the
. .20 may be a function of a change in tenperature from
'”tagfé‘aﬁqy%rﬁa% PetlkagiwdaEar 84-82An operating t enperature,

as well as being a function of absol ute tenperature.

[ 0088351 A tldhpeteitranee semsmis Ja they veeose driwings indicate like

tenperature of the sem conductor die. Preferably, the
e'qr@ﬁﬂi%rature sensor is |located on the sem conductor

die in the vicinity of the sem conductor oscillator

14. Any type of tenperature sensor 22 may be used

including thermstors and infrared detectors. The

t enper at ur e sensor DETARSD DESORIPTEMKed to neasure a

change in tenperature from a baseline tenperature or

t hd0O@@s enfigurenpestmivsr en asPOOS] a ForgsisiCoszillsRVEm@ator 10 for
storage technique 30 for storing the calibration

genmﬁmmnimm@gmmmhm wopratibé GratRiBREY FBe chA®l oscillator
storage technique 30 may be any form of database

erﬂl&*ﬂiﬁm‘cﬁ ngiy(th:onsmiebeldn@ SWSB”’I‘MBU@{BF B%blh% aﬁ’}ngrocess
hash tables. [00101] Figure 3 shows a series of

inclyding Boyplprepitarydeetaf ORiAEIRetiEAILCRS Y CMO YA &S,
versus tenperature for maintaining a constant output

si geRATIf r elthee noyptdl arscillator @rhiiatonl 10056y Idfee £ MehtdPkuctor
10. The data for constructing the curve may be
osciiatai et generate the output signal 12. Any type of semiconductor oscillator
may be used inciuding LC oscillators, RC oscillatoré, and ring oscillators. The
semiconductor oscillator 12 includes a control input 16 to vary the frequency o‘f.‘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 1o a varactor of an LC oscillator. |
[0098] A non-volatiie memory 18 includes calibration information 20 for

controliing the output signal frequency as a function of temperature. Any type of

- non-volatile memory may be employed inciuding content addressable memory
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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 determne
correction factors to be applied to the sem conduct or
oscillator to maintain a constant output frequency
with changes in tenperature. In one scheme, a
(CHAB el Theecalifration finformatiors2irimzyrideiotot d@s@iclibrtaor to be applied
control input is determned for a predeterm ned
to theeerirat jnpuh d B aff tiee peraiteheuctbNestilla@siPRr &t d8neroPihet Jlﬁputtsignal

sem conductor 21 die of the device such as the | owes

fregpenai i nithet eaitwatdrigformatoo@Be Hiagehy 3 YEn&RN oPS change in
nmeasured directly or interpolated from nmeasurenent of

teraperahee fabew aaslibeioh ashpsiasir '
[ tBératiir Go 5%?&%%#?%&&%%@9%“ as

al so be neasured for each potentia

beMgsoiunbiierebf diBolé wdspdrafur€ach potential output
frequency may be extrapolated fromthe. baseline

alfoeadior @h r ¢ ugh as b

LaloogE Ml s, 13 SiuetsE ) Binaure of me
. ieach j ) b -
SeNRIHASobPT dieac T PRALERYY el tbranlk SRUEEEY 1 HcdlRd on the

sef®nBlictof Qe ﬁpfﬁéu%lglmg%f?ﬁ% %{eﬁoﬁi{:ﬁ?és‘éﬁlg@ﬁgfi R%ll ?ype of

basel i ne val ue. [ Of .
terlﬁgémf’gg{i’é‘ %%g%gr{ ‘I'Z% S'%Veﬁ%fs‘{%g? d'p@ﬁ{hga 35%@{1&8% agggrﬁjftm;%g ‘detectors.
SRS el UG e PRy el ptatam e
o CTRBA bl o LSRR pbitda o1 cr o ) ar
83;[56;“6@] Prggfgg Feé?sﬁﬁ\%% t@?qrggg {t%‘;?gg}ugte QrB gggﬁ‘igrﬁé ’Ehe g;lieb’ration
R B L3 T HIFER oo’ o tothge 1QaTRIQUERS0 may bo any
for@gq&gﬁ o ggIir&‘zqicﬁy?gr:me%mgﬁ%ggg\gegglggkggtgﬁ;s,E;tndirash 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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[00104] The correction factor is preferably a ratio to

be applied to the baseline value to obtain an

adj usted value for the control input. The calibration
- factor may range from any basel i ne val ue such as 1.
Preferably, a single correction factor is conputed

for each tenperature step, to be applied to the
dig ehtheotriinst sch asstbé Idvadst bpeeat It@,tn?é{ét,jrge Tﬂlétd%%lg e value may
bSI gnal at any one of a nmultitude of predetermne

¢ rivgasured ediredtlyr oexmt@b6latdd Forf 0BGk} actor  of ,
1.218 is determined to correspond 22 ieg'{ééﬁcﬁgng%oq??{ device
cheeanpenisiicur BasélindSvafuest My 5188 10 MR e Ry S
seni conductor oscil | a?%? nay %g a&ghgeltdr;@paesa%& pAEntial output
frdquenty. onAleb, blaselRRr (AaGEd 3By fftho : by cchangi n
i [ R bR AlpPLBrdy hay e

the control input in proportion

exdtrapblated frﬁnﬁﬁ@t.%lir?é,Véng%'? e pg%bﬁeéercorq&jggrtﬁé%cagsﬁcgras by

may be applied to the seline v
e o o oRon T Yt SRR B fih nosertir output
e e b PR 51 BE VBBR o5 8l 4otamency factor, to
o S L TR g e ool faeor el ator s 10

ach o BC o TER A BlAEE 1 dbe: rmomuainsian is then inarcased fom
0Bl TR cbBorfio “HPrBE® nip et 1 e crasimambsaperatig
e Rl B T i Pl o ParakeT b s ioforefoesbly fmod f
ab8§Viig &8 LR, Lhe batch. The subset of crystal |

oact T I'RTBPralg lgvels do trRakcs, testing saasts, ey angngenbdros discrete

to_an r rtion of the total quantity of
Stegg\?ri' ke é%c? ég‘gﬁ*ﬁplé, arpoRichipl keadenyis tiadd tesieedttisd 8&miconductor

dieerru%ator 10 nmpy be tested and the resulting batch
B0 BRSNS A ¥anagi tha tempesatuien ot tiehsarficbh@uct&leieCRgy be

[ tpe batch. I n addition, each of the crystal
emplaypR} afbroashfigeretos S, ithy Smmicordotst dier tetnsiBBRd Al the
calibration information such as the output frequency
cormgetign 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 vaiue 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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seline tenperature. The subset of device specific

gglibrationnPnfornation may be wused to nodify the
batch calibration information stored in each device.
[00106] Figure 4 shows another aspect of a crystal
oscillator enulator 40. The crystal oscillator
enul ator 40 is simlar to crystal oscillator 10 in

to fay lkangsninvieriperaiurs lb&M5COT tesPedbdird? SRR B1SthE WIRGESHiuctor
in the range of 40-52, except that crystal 23

osoijziof Itatydre adjusted @& HAnBEdh 8f HQ do%bﬁ&ﬁa%? sfEn H?'bg gﬂénging

a heater 54, a controller 56, and a select 1npu

th@lcon’eoloinptimincmai’pbﬂiéhit@rthe[c%?ﬂe%iﬂén Hgoheqt Shothdr g@grggﬁve, the

| ocated on the sem conduct or in the vicini

. . i 4 i a source oJ .
coltrlggtgﬂﬁlgtg? {“ﬁ%%ﬁ?ﬂ%afﬁeﬁg?‘;ﬁ%g?ée ?al@%%}éggg%@dlsg%ggr St%e Jesnred
. : ansi si stive he . .
e et er” o4 e B Operaraee] fPEBoNAER BEiEr Ryt
- adjus®id. tIRQnoBEr &t Héfi@e,st:%ﬂ%géar& ?%cltcgrginggyn% glqut@aq%grcog@sponding

e e o e o Conuc:t r die tenperature to a
fo Igg(?/he(lj11 %éﬁ/gfa@égtlp PEE% nds F(:“t%{)l"’qo(;’r"fltgR 6?mP‘Ff@¥”r? SHFer at ur e

tod S fosOl B SR WG B criiROhReikalr f&e&g.{s?ns fo obtain
j h t oscil | at or
calhEidIF InbRBRATET BRY AN GnBteaisly dassassacasis Sy mducing the

j die tenperature to the
e GBI R Ryt 8 PPl cfuiogTicondsior c | Ingpadiwinodo éasting,
|l evel testing only the correction factor
the?%‘?“?'g’s'ﬁéfﬁ%ﬁ {9’5 o DERP M aRCBaT sruijors: Ehfremabeisame batch
Ld have to be determ ned |eading to reduced costs.
of %%’%58’]“&%% ‘ﬁ%“a‘ﬂ‘éb’ 5 M5R8 foralkef the devines il thebatah. rEressubset of
the sem conductor die tenperature to one of sever al
b B?EB%‘E"E‘% lauatss At Are tested vedysrange frum ohe te any pRdoRtibn of
factors have been. determ ned. A second tenperature
thestgﬁa;l &uaﬁgty f Gevices. 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 1 0 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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an external tenperature such as an anbi ent tenperature

.or an assenbly tenperature. The heater 54 then may

i ncrease the sem conductor die tenperature to the

nearest of the predeterm ned tenperature |levels while
conti nuously changing the control input during the
oselligier amulatort40amsy talsonindsde gne xitr magre | diteeitkatal 512%: controlier 56,
computed fromthe correction factors. 24 [0101] The
apd rt setddt mpubBb8 ayeaddh exrhibiaafiomncti onal ity by for

exanple controlling the heater 54 in response to

mul tIDP10Y]t efipe rratawress ensobs iocatbBR U tHeabémBondltor die in the
calibration information. 50 to derive values for the

visirityradlthe seraicohBadtoe osdilRggrandiol srovidBtzLEdRES 8f Bcal heating. Any
tenperatures. The controller 56 may be any type of ~

et of YedtoCbUdhag bd uRNHOBEIEERE  trdrRBiEr §d4t6Mi A resBAfe Reaters.
software nodul e. [0102] The sel ect input 58 may be

THeatbatd 54504 L6 ORErSRER biforREtdvh indut FAHERE 1S Tpd R sensor
wi thin a range of output frequencies. The out pu?.

Hor g uemFo! tﬁ@yteﬁ'ﬁ)eragtﬁ}ee%f &k @8micdridEht Uk Of ﬁ{égh?%tgr 54 may

i npedance of an external conponent connected

ilﬁ:ﬁéé‘@ tlhb %Q%canﬁh&oﬁﬁkﬁé@%ﬁ%ﬂgﬁg 1800e cgﬁe%):ognlgf fo,pne of the

Irectly as a portion o € sem conduct or or

RSB B Bk it .-
gk 'E%_Ving ?5 frlﬁéﬂgﬁl%r%gl F'B;?edo%'i*ugé ni’n?? (rjr%nc %stgpiﬁ?y crystal oscillator

fredquenci e € external ‘component” may
Smepgmt, but is preferably a passive conmponent such
as a re(gl stor or capacitor. [0103] Figure 5 shows an

e, bR SheCTE AL T, P hed . SieBovr
BB, RENESTad SO RN0  G0R. HrIPHEEL S oo
SR Rt R AR S p—
t%ﬂ'lgg%gfrlgf@&%o krw]gveecttoebde éé%e}rrnged? ?éaeci?rgg 'E)i rre]8uclecc):lzco‘?l;‘ps(.]I 104.

[010()] The heater 54 may also be controlled to raise the semiconductor
die temperature fo one of several predeten‘ninéd temperature levels fér which
correction factors have been determined. A second temperature sensor may sense
an exiernal temperature such és an ambient temperature .or an a'ssemb!y
temperature. The heater‘ 54 then may increase the semiconductor die temperature to
the nearest of the predetermined temperature levels while continuously chianging the

control input during the temperature fransition using extrapolated values computed

from the correction factors.
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informati on may have three or nore predetermned | evel
ranges that correspond to selected |evels of the

emul at or characteristics. For exanple, a single pin
connected to an external resistor may be used to

sel-ect any one of 16 output frequency |evels. The

resi BXl@hkte dhet bentestieerdtalmaye sidgt exird §u@(ﬁtﬁ:ﬁ@ﬁt§lbﬂ§/ for example
selected to be one of 16 predeterni ned standar

coriraigs thEdehteoB4tih eeshonvatdiesiliple tefrpesdtBRCRNsors or manipulating
corresponds to 25 one of the 16 output frequency -
theewadibsatiohrinfathditianoB0 td dswvpvefissifontneashirseinS@TRANGIMeSpond to
are preferably used as the external conponents to
intehesiiate dsthperatlirénv Sk Aoytrolla ol mex Ry Ad) type P @R8Hincluding a
may have nultiple, N, predeterm ned nomnal val ues
ptdwats@aohic drenitrgsaand sbBwvirBens@liect i on of a

predeterm ned characteristic level. |f one pinis

usedfo1oRen Nhei §iefeMout BRI Al Ché Sidel ﬁ‘@ﬁiﬁ@@%{%ﬁc output

selected. If two pins are used, then

freh@srasdsSia Within S¥HGE FRRe fn%ﬁij&?éiﬁﬁm?éﬁgutfs&{ﬁeg{u%g%@ay be

for an increasi ng nunoer of selection pI ns

s6lecR8\U<CE g et fll ﬁﬁeﬁ?néeh&t arl gfctefnfgé %g@hgg/grﬁ%ogﬁected to the

sel ected include outpl requency,
SHREC MG, o P 8540k e B8y oo of e
B O RNy T -
BuBE B BrReat e DRHE SRILRHR K B ol Feiang f Riscitpmined
R R I R L ——
o OB 0y e 0E53, 108, 400 100 ore

e s R TR
R e aeTg, A R DF b el cames Py s exemal
ehPAEBEL L L0 T8RS e S0 £ BE Clled'® Mt o the extemal
component(s). The crystal oscillator emulator 100 probes or derives inforrhation 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 fo
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to the pins 102 and 104. For exanple, the externa

i npedance 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 enulator 100 may determ ne a

qreestahengidu@shit regLiesdy 4eINe [F QHERSR qg\gitpg%ci%ign tg%%wge components

neasur ed val ue of the I npedance conn

Taves o 8 Sk ROk SRR frd Pl B nishon:. oo

PR b A L e S T ——

GRbLONCR 0 SRSy T BREBEI AL oBERHRTTTovel 1 ono pin

TR T TR Tt e I A
|lue, but may al so be an anal og

f ; igital v ,

t@%’?ughﬁ%?e@%gﬁ%fa?i&?f fi5,d8VeIP Maynber sieqtesi endnoe forth for an
: 24 hns .t 00,3000 ohns nay be associated with a
1{11&8?%1519 %Q'va VT HTHOPMBFng! B tResVwi $evise chemciristics that for
eg(gﬁ%%red re%i st ?n%e from 3001 ohns to 4700 ohns are
aSSOCT atdd Wi t37'SFH Jneidte eutnet dreopengyorfdiqugnty tSierance, and

Téhel. measur d fr esi stance incl udes variations due to
- REsPle RS TgR A & &xArPle, ipe damtekosnithtohemuiatrenahay have
nmeasurenent circuit. The inpedance neasured at each

S ENEE SqeT Aig 108erprnected eipeanienierreal cesistes BrRAthEY have a nominal
ital value. The range of digital values may 1nclude

di
'V§l r Selggtas diogh tal gremp uek 18ndredatéeiagd Walange ELem e 16
to 16 digital values per select pin. The digital

rredaleignioedt velope idi rgrieaseradh mel mg,gen&mcm%rr SpdtREo dhe of 16
a or ‘

conbi nation to describe nenory resses. F

PesdaipinEnediodiput requemey RS BRRIALI Mg 199FB 16 Qo0 Mz

interface to inpedance val ues that aré mappe

of 1[D1P4i t alher @ktersal MBEdaHESS B r{'oo%a"éargoé?’egqraweresistors,

'addr_esses'or | ookup table val ues. The content
c8pariags drabaiifbns o rESRRRIEAG hRadifs, TRIMAY be any component

addresses are used to set a va
’ that exhibits predominantly an inductance, resistance, capaciténce, 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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an output or internal characteristic of the device.
Anot her exenpl ary device may include two sel ect pins,
each configured to interface to external inpedances
that are nmapped to a digital value within a range of
10 values. The digital values in conbination may

selgespini Herefedablyrdn® ippediuhce 35 esleoted  fodlayp & afahdaniatalieessuch as
that may each contain data for setting a

nootra aesistanss valued cohespoyistaate ossEtdrs dtavingeaul 04t dolerbdbe (e.g.
27 [0106] Figure 6 shows a bl ock di agram of an aspect

470f S60cr&§a al..)osci lebatordevizeu lamido inveEathry Towstr ySbakccount for
oscillator enmulator 120 includes a select pin 122 to

. médsuasThertt Golefarihs exideinaablcramedente dxdriahahpedaride el range of
for selecting a configuration of the crystal

imp&&arideatMiese MdyadRfeshdfd td RE skgleetdatt Vamedanee sdidédt v8ue is
simlar in function and scope to the external.

préfeReian Gefitaldduansht Hb alb® b 7dn AndIBRSHILE MBI &bl Vaiues of

126 connected to the select pin 122 measures an

mEARG teSRkareBIFAC LA §hnS td BOOO bAmE rhalsd hedhclted Wfh a digital
external inpedance 124. For exanple, 'a current may be

vaﬁ}é%&ri'&goﬁ@n% e 2 XN dilubdBEHRASSredNdsitRGcY BlohR8801 ohms to
that is developed across the external i|npedance 124
r

4700ESh B 3Rl L&D it B l‘%rithaa K@kt&la%ue %Me%%trﬁgﬁ ﬁ)s§.edl'he mﬁaesured

across the external 1 npedance 124 an nmeasure t

reSRERED inciuddW AFEASHY BB tJl@x%ﬂE%sg U]eti‘feoéxtgﬁr%f Hég)éb%nce and the

passi v_e conponent s may _bé _USG ( rreasur_e
o SRS 3 B0, Y0P, B e
BB LA Sy 051 ) LA BT L8 s o
AR Py R PR 188 T o st o
TP SR e LA BRI e
oB5cFL 5T B 800, LR U Bl 8 con

in¥ea#a%gstotir%pgggﬁ)c%n\‘?’a%ees et ars lnleéspped intc one of 10 digital values, may

describe 1000 memory addresses or lookup fable values. The contents of the
storage locations corresponding to the memory addresses are used fo set a value for
an output or internal characteristic of the device. Another’exemplary device may
include two select pins, each configured fo interface to exiernal impedances. that are
mapped 1o a digital value within a2 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 emutator 100.
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vari ations such as tolerances in the externa

i npedance val ue, interconnect |asses, -and neasurenent
circuit tolerances due to factors including process,
tenperature, and power. For exanple, all neasured
external inpedance values ranging from greater than

val WL 0 (R EieE b kiad Pyl Ll s Pronptatgmsgal oscletor
| [ h 32 54 28 oh
RS P8 rBC VAL B similor vablisohnes o seiest Bive 122 to

correlate’to
: e al . .inmpedance_val ues are a subset of the
lﬁni%gégér g)déri%%gelr W) '”1%5%’&%%%4 tie uged feceabeniing faoeonfigaration of

[ ri.ations. For exanple, in the above cases the
‘}é%t"ﬁ’%ay §§< IIEE]IWa?mUIiaEﬁé@gn dée\eiteras! impgpsenes: 124 srei@iartio function
29 ghns atgdkf om 36 to 50 ohns. In each case an
TRSCPRAG 8 A imppdansigs 1d§iandot18my be sel ected to
have fnl ue centered wthin the range, such as 27
ohrrsloglqg 43 ForREasyYrAment Sirgriy, 12Gesomeasiedetd dve select pin 122

reci sion conponents nmay be used to sel ect anobngst a
fF%ﬁ?g‘Eescﬁn HeeHC Cerastasistic tiat jrua Sunciibe of tleandernallimped@ce 124.

be used directly as a variable value to control a

F@6 #XemBPlec A guaent mayt e seppliet do dhy skaima) I@pbdaicerand the voltage
emul ator 120. The vari abl e value may al so be
leptiedoneinpediaemrasdbe leyteima impéxtarmel 12t thud hedsuls 1 080 A voltage
storage circuit 127 may include variabl e val ues that
ThRYPIEPreRsied gtceabsabe axtenms irhpadarcet 128 sl 1864 MEBLYR: the current.
The storage circuit 127 may be any type of storage
AéWrTD@@&W@anctawbhiqgedontnma‘suﬂﬁ@lr&%i@bld@n{[ﬁ,ﬁgﬁ%,még,egei Gsed to
and dynami c nenory, and | ook-up tables. [0109] For
maRsutsalbe ei¢rtical lnbarmasistie MRNidisd amﬁxic%ﬁw&%@%ga‘tié%echmques
E:;(ut pll;:ey val uezmt hat gave a gllr:e-to-one correspondence '
- HXeMplREgy exeasuramentipeaiigiesy Jhdl8s ingh Y .-
determ ner 128 may then@?et t he %U?B{Tg \%g{:lﬁ{g’t%%éé@g to digital
cemNagtets (ADOs),t bhat digRslr esRRRGs t g ext

i npedance val)ues. © % Rndertets &)A&S)' lﬂfe%%biy, the
measurement circuit has a high dynamic range. The measurement circuit 126 may

generate an output having a vaiue corresponding to the value of the external
impedance 124. The output may be either digital or anaiég. The same output value
preferably represents a range of externél impedance values to compensate’ for value
variations such as tolerances in the external irhpedance 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 external impedance values ranging from greater than 32 up to 54
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[0110] Figure 7A shows a relationship between groups

of inmpedance values 150 and associ ated sel ect val ues

154. The groups of inpedance val ues 150 nmmy have a
one-to0-one correspondence to groups of digital output

val ues 152 which are converted to the select val ues

ohtd amgocdiradiaid w teh digiigh cutputheaigs osfpso10f”. | Mpedadicsl external
val ues 150. The i npedance val ues ranging froma

irmpadanes vaipedance: sdBsatabliéhd Onéadiibed MaxBrhAPRaSREAcANRIue 1o
separated in into three or nore groups, with each

agEaU fdraNe nglud vagaidhel FoveRE@PRS in tHe&bd0EIchSes the actual external
i npedance val ues of each of the groups may be

impteaicedralu@shalat Be TRAE 2AGo B YRR angMdI 36! m@%@ in each
values. Here, the nom nal values, 27 ohns and 4

2888 ipbhgvd fo%ﬁ%c%fon‘ rﬂﬁlgﬂﬁrﬂﬁeﬁf H@Eéi@éted %‘Yx@vrﬁa value centered
spaci ng of 16 The spaci ng ‘between the groups of

vitfRedanemguals @r?‘ 58527 thﬁ{seéﬁﬁl% Based R&n IQJEE/ rﬂé&penstve low

progreSS|on owever any enatlcal re at

frfg»g g%r?ts erﬁégtﬂﬁ 506 RA G %%d’éfgﬁ{‘ gl %ﬂpg rdm«ggh precision

SUC It I near, and exponenti a

qlﬁﬁggg%gfg\ggs%ié%e Sglu% ;ma%}j@é] ﬁgeog&lpéfbl?l vel?’%bt%%?‘a%ie N o i a device

t’he” groups C

c%gfé{:?erisﬂ@ %%r%gsgtaiv géclﬁ%l‘toraen[@%r 1&6' uﬁfe \?anr#)ﬁrt I neq Zmay also be

actors’ that

cfeﬁérﬁ%éoqﬂdxpec%?mm{ gpseg%?gayreange of the groups and

e spaci ng i'ous tol erances such as

t he ﬁ;@e‘)? Al o???rétgge%l%@fewaww@gﬁlﬁc %r ia Eﬁ?d'g S'fRal tay be
stl_?g%;%er nceg&{gﬂérbgf%n%%sggnéﬂéy% é e ;;I'he L S{{r’(%?éggny type of
ferabr SRS nEtuden 9%%@%%5%%%@% Z?@E@‘?xﬁsﬁ?&@ g4 dynamic

and asso ‘ ed SE Iect val ues 158. The ranges of
@Qs’%

'PWBQGaﬁE ﬂﬁ@? '86 have a direct correspondence to
t he 158. . Th edance val ues ran
£ £ omii Giin; nohn TRt o GUPcs T oL T 12An anaides output

ar e
values t%g? Flave a one-fo-one correspondence fo the external impedance values, a

digital value determiner 128 may then set the output vaiue to a select value that
correspond‘s to a range of exiernal 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 o groups of digital output vaiues 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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ininto three or nore groups, wth each group having a
nom nal i npedance. The nom nal inpedance val ues of
each of the groups may be selected to have a spacing
bet ween nom nal i npedance val ues. Here, the nom na
val ues, 27 ohns and 43 ohns, of the groups of
' dance .val ues have a spacin f 16 ohnms. This
val PPl A MR FihrEnte S5t ebairiend TREReoPT Mg gsmee, with
eak IueS‘ﬁSG and aﬁ%ﬁciat d select 30 values 158 may be
rﬁr&’%‘r‘Pe AP ByOTHIR FBRSGANCE, HeRpNinALiaIPesaRFR Yalues of each of
thdl ital ¢ nve%er é}gg)t shown). [0112] Referring back
T §"HP. M8y PgiFe cQJayerfe PRGNS PSVasRyNQIainal imnedance values.
Hrrem%ry | ocati ons corresponding to the digital output
51 heoguag viekies o2 (whms @ndet hahmsi offee areps of dmpedaned values
to the select pins._The nenory | ocations nmaybe grouped
havs & spagingeh i 8ohaise M hesskacindsketween thesgragpe obielpedangs values is
a | ookup table for two select pins, and a third order
Preigiitly pased A georelriscrrograssion bewsyerfamomatieiraicall 22tionship
may set a device characteristic of the crystal
m%éﬁlﬂ%ﬂd@ esiafligh pagipg betwaer dhrec picoips cfuchhes logeiitablie linear,
val ue. The variable value may be generated directly
angyexapacniials ufsnepacing between tetesiante gobupadinag®d Fadddosh any
. the select value, and determ ned fromthe contents of
Imgeggins yalloekine gnoupsringsgiopdi nominal vahee, L&A value, a mean
I npedance val ues connected to the select pins. [0114]
vailige aswbdioy vpiue, 28d anendiigseaibe. Faedrd diat infRleAREBLIESSN of the
_an additional function such as power down (PD), power
impecdrice, rangelof thelgeoipsoamd the fiacing My iR¥BEENMARGKSolerances such
operation. In this aspect, the select pin 124 becones
asatheutoldrameer ppte esemad impédarka4 i fol6raRt: Birih@ehd NBitage and
crystal oscillator enmulator 120 as well as
cuimept soenés, rydtthe talddinbe @ tle frisasireniznt EOAAO] TAE M ences may
aspect, a first range of inpedance val ues connected to
fort dv@mple be caused by process, temperature, and power variations.

[0111] Figure 7B shows a relaﬁonship between ranges of impedance
values 156 and associated select values 158. The ranges of impedance vaiues 156
have a direct correspondence to the select values 158. The impedance values
ranging from a minimum impedance value to 2 maximum impedance are separated
in into {hree or more groupbs, with each group having a nominal impedance. The
nqminal impedance values of each of the groups may be selected fo 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 oehms. This direct

correspondence. between the ranges of impedance values 156 and associated select
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mul ti - purpose select pin 124 may ‘be used to configure

the crystal oscillator enmulator 120, while operation

of the additional function may be controlled by a

voltage or current inpressed on the nulti-purpose

sel ect pin 124, or inpedance values outside the first

range gé i npedance val ues. 31 [0116] Figure 8 shows an
Vé@’p?%cf’ fMah besénpiemestedabyefil gx200iet @ gemirat analy to digital
out put having a periodic waveform The oscill ator

COEYRIRY (lobg®Wiicl udes a crystal oscillator enul ator

202 to drive a phase | ock loop (PLL) 204. The crystal

osci PHtAr  BeierdnmbacioR figys ben sitnesaigehsratst@0 @By determine
and structure to the aspects of the crystal

'BREPY lge@iionsmarmespordinip e thiehitditabaysit valies @6hdiddl With external
,assgnl‘%y 200 Gr;ag |nlﬁ$ ude any ;—ypeé;rfI PILL 204 such as
igpgaargesRiobpectad taffed sgedldis. TR i It .
sel ect pins 206 and 208 nald)l/&be used fdgykédgrlgt% ﬁ%z%gfgrouped n
ariygnameeTeatlich gispalistiet arsndi®kelebeniBL ‘ ;
di vider factor. The rrultig-[l pur pgg’g' ééﬁ%@tps%?%sﬁggé&gﬁigd pIns,
m&mm(gmathgf@smggg@eﬁgmstol and operation of the
crystal oscillator enmulator 202 such as out put

frequensy sehesdrinNeands fﬁSf%toé‘ i cﬁaer‘é%ﬁ % of, the crystal

clock for calibration. Exte resistors

osBYiaioe ARSI ad 8 furlcisn BYhE Vaﬁgéiggégﬁgy [ hweﬂgéﬁglgzg 06may be

and 208 to select the operating

Rhetetd BRedly B heMbEL BN PEIOhSiefhide r}ggée}cﬁy fiog the select

correspond tothe selection of
R T e e A T
LML s, 2ibecel | reet ot ors

FE et g R L -
B il B Rt SGUF oDl i aaneaRlE, conriactoiagionn reses, and
s%h%r‘?&ls cr:§esrjc1t?(§n(.)r Inzt]ﬁ(l)s ggpre%?,sthewnsiel%gt ginv102|4t gggonir;s ;r:r?ulti-purpose
select pin 124 for configuring the crystal oscillator emuiator 120 as well as
implementing the additional function.

[0115] | in /bne aspedt, 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 funcﬁqn may be controlied 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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range of 0 to 2 volts nay be devel oped to determ ne
the resistance, and the nulti- purpose select pin 206
may al so receive a reference clock signal operating in
a range of 2 to 3 volts. A decoder 214 may detect
signals on the nmulti-purpose select pins 206 and 208.
32 [0118] Figure 9 shows a spread spectrum oscill ator

300 lsnEpendtigirertysiaws drbgpact of gRadkcilayl AbetmbiPbb@R Sencrate
- frequency. The spread spectrumoscillator 300

anmuipud @aviag erpesiodlc wea@iibrhat The 8521l#bP5ss3Rbi .
to a PLL 304. A frequency control devi ce C@%}ﬂ;@ﬁé@%gcmmt

obtikator ¥suRIioro3®d td ahRy a HRESELGKK %gé (WM%QU .a%@c}r{/%@?l pscillator

control the output frequency of the ‘crystal osci

effidtet P02 34 bd Renifdrad W%%n SHRNL Qe AeN 18 aﬁ%%gt%quﬁtgg crystal

devi ce or technique inc Ing a varactor, €O
obERatoPERBIatts RRLr of ) Ondl,ﬁ)g i
osci | | ator, ar?%%1 crg%ét%f% iehgT'ﬁ§$§@%{’f 315 1500 VY igglude any
tydlRfieed Ha citors,of the
y;Heém' condéuct%{r&ﬁo%?@%g%[r.ggﬁ%f%%g%@ﬁre 10 shows the
oper gyl ofy,an t _of a crystal oscillator '
ol A A SRS ot B i208: e 23 ma Gertese dor setecton of
' f ner at i t put signal having a _
R it RGBT Reh A A8 B e lhoniay edor. The mut
' tor cil T may be calibrated to generate
o8fB% SPERE bR Tcone, 208 el Pecirear ot ol angersyation of the
C;yg{%‘)gra ure. In one aspect, the calibration may
R Ugee 9%??/‘?1[%&0& % rtiariereguange seleatiaroanti ceasption of a
re%i%e ove[? g reagigt ermned tenperature range and
ROGT CIRgk & $PERCBN BarBRIesistrs 24P anai 2famay g annected to
#Gons ant output frequency. The die tenperature may be
e T (irRgPPSF BRigct PiBE MOyarst 20Bdo ssiatt thundperaing frequency. The
oscillator. The calibration information may include
OGP PO MaINRD T theyteras! resistus 2d Deardedifecataspesd fothe selectian of
@g&i ntai ni ng a constant output frequency. The
diffgrent PRETASRY POy eReies. o Rasmpxisenal tresisior M0 mad-240Ira&y be used to
menory on the sem conduct or .
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 example', one multi-purpose
select pin 206 may connect to an external resistor 210 across which a voltage in the
range of 0 to 2 volts may be developed to determine the resistance, and the multi-
purpose select pin 208 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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die. At block 404, an operating frequency may be

determ ned by probing an external conponent.

Continuing to block 406, the sem conductor. oscill ator
generates an output signal having an operating

frequency. At block 408, the tenperature of the

seni[ootgluct Slgutké © dhewdet efrebb egetiuinh®scllatd- HobYoP§eddibting an
sem conductor oscillator. 33 Continuing to block 410, -

ofifpet Sigmbl aadHEt HrvathBieM¥oidpeatrad §5re6@RAIL® oscillator 300
control the die tenperature to one or nore

iNRILEES L CHISRL bstRARE 'etiia®r I3egetsnnettedldPE Pl 304. Eefrequency
control input nay be controlled as a function of the

cohifol LRIVRRS 8bniHRtdO 10 HUTRARSA! SsdilfioC Eﬁﬂ%‘ﬁr kB2 tcfﬂg{/ dynamically

operating frequency of the output signal cause

c_érﬁ}ﬁm%@bﬂfp%t @r'%ﬁﬂ%ﬁﬁf of 1 é{/%?gs&ﬁét%)ﬁ%muiia‘%& 302. iTﬁguftre.:quency

I nformati on may be used to contro contro

ccgrhﬁal RlicBraLy g8 érﬂz{(ﬁ%\é@szﬁcﬂﬁ%ugq?%ﬁcgﬁ%%;\ga%%&loy go%[trol!ing the

I e tenperatures orrespon H |
cat t .
TR 508 (0 At OB b 5o o
BRI R B UL D BBl i e

afre encyacont rol signal

{01208 ureUls Ehtheuaire nsetor ! a6 e povicr hetl oscllator
osi:i |1ator 320 éor generati ng a iperi odic signal. The
' Fo Dl 19 s HEPD seeTIatoE 1§ $rqyided for generating an

oscill.atqr enulator 322 to calibrate an active silicon
oBBU} | FIGRR, NORS noEPYiSt AIEVEIEY | | KRGTINEG 4 oblogh2402,  the

is. normally in the off state to reduce power '
SRGIONTPoPsCilgtor HRK Be cEtipRRiRaa Benargiel & consianidigaeary over a
~oscillator emulator 322 is switched to the powered on
PEgdgrermingde ENGsr ot EernREatiE: i Ve @19 peRRFtolsi baliraioramay include

The active silicon oscillator 324 consunes |ess power
VelyHY PRdempeRiye abdls Femicondusion diegiveBapredeiermined temperature
~operating the active silicon oscillator 324

It BAE oWSRSUNRIY Icaliratign dpfermafdiony foenaintpiting a constant output
_oscillator emulator 322 intermttently reduces the

rgQuenayl poher disolemppratior ofayt Hee measured in the vicinity of the
semiconductor oscillator. The calibration information may inciude 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 external
- component. Continuing fo biock 406, the semiconductor oscillator generates an

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

semiconductor die is determined in the vicinity of the semiconductor oscillator.
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| ow power oscillator 320. Any type of active silicon
oscillator may be used including ring oscillators and
RC oscillators. The crystal oscillator emnul ator 324
may be configured in accordance with any of the
aspects of the invention as described and shown in

dd'r‘xitiﬁuirﬁ}??& ibf(iﬁ:ﬁ%iooﬂ'\e gé‘ry[c@%%%&o@@gy{ggﬁin?ﬁégt%?gq geoled to control

deterntne the fréequenc
| ki (LI r output and the crystal oscillator
P AP RpOREl T LR S I arlierdne Ilogaives el A biock 412

. ' ased on the frequency error, to
HEERETE R Yy R T TBHed e s ti@on of dom die temperature
e85 Ehéz—ﬁ%%rcm' ‘-The controller 328 nay al so receive
tenperat ure” I NesP it APFRER fRauensysefdhesatputl sgral caused by

or 322. The tenperature. information may include
t‘%@n%%i“&? ﬁg@sge% Ig'ﬁ‘ea%mfeﬁ’ecaﬂ'@iﬁ?@ﬁ #fareatisin miy be used to control the
c;setm'lcomiiu or and the anbient tenperature. The
COHY MY e N SBliRRgYiop efpartionana bat dsed dirdctly M@t dietemperatures
tf{agr the active silicon oscillator 324 simlar to the
FPBYERANEAC Sierest inmpesatures: Katetivenydie smperatiiréd, #ieEontrol input
mul at or 322. The frequency error may be used to set
VAH® iTRY P&l SFapalataciront ke stortd oblisaigainfemthtioneNChbMhuing to
tenperature information in conbination with the active
blork Fébrihe denuenayef thabitputsignal mayl bs OwiaraRaNEYarkE 44SEfinction
to update the control signal while the crystal
OiR BPaYency Coatmlisignad. 322 i s powered down, In one
aspect, the tenperature sensing circuit of the

crys0a20loscFiguat orf ehuwatar =3B3ctBY of RWRidbwer oscillator 320 for
conti nuously powered so that continuous tenperature

generelingati periotiky signatupThi egwt BowbN@sENRIF O
The control signal 334 may begei therS di gr?é'a%oeg}cms a crystal

osgillt@gemuiitdrhe22 toaliblats la8NakiviSsifkkd baki ~
digital -to-anal og converter (DAC) .330. mi[yatggr:]%%” TP%eCwSta‘

ossillataraimidaign 822 tonemedigdn DR %la}t@té ?&Hg%@?vg? %&%&Xption. At

in response to the control signal 334, .
Predpieiyinetl iptamedls | die tdistAC bsMRaiS) lénﬁﬂ&opsﬁzl lisats%tcﬁ’ezdd' o the

to adjust the operating
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
oper;ting th}e active silicon oscillator 324 continuously while only operating the crystal
oscilylatior emulator 322 intermitténﬂy reduces the overall power consumption of the
low power oscillator 320. Any type of active silicon osciliator may be used including
ring oscillators and RC oscilia’gors. 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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frequency. The supply of voltage and/or current to the
active silicon oscillator 324 nmay be controlled. For
exanpl e, the regulator 332 may control the voltage

| evel of the supply voltage. [0123] In operation, the
active silicon oscillator 324 is normally in the on

state generating a periodic output signal. The crystal
oscilé_@;ﬁr epul at or gég is normally in the off state.

In t REDHE o RUTMY PRrmaY detrmideptie; ragHescy tafeor between the
cr%st al osc%i}iglrator emul at or 322 may be powered off to

HWE &PgRn pEikator oytnyl Hdife eyl msailipforemulaieeytpits A controlier
applied to the crystal oscillator enulator 322. The
g@ﬁ%n%ﬁ%"? pEENrplagignal, grsechencihy sireguessy ieroat ior control the
ferrul ator 322 is then calibrated with the stored

E2USHPRCT 818 astiveorilierni aselliatPh32f efire Reniradier BR8 roait plat receive
signal of the crystal oscillator enmulator 322 is

EEMSHREE Warmation phetjgerngsialopsaiistorormplator $i2gnaT heofemperature
the active silicon oscillator 324 to determ ne the
infosggEer: ay inddegempreataesisuen ek Ithe tampssatiure afttoe sB@¥konductor
The control  signal 334 changes in response to the
gl ipmperaiaasiThg cansdlier 828 mayhiscludep phlbration information
vol tage fromthe voltage regulator 332, leading to a
fenHifgectiva sipen estiliier 334esjméarcip thé calitiretiarcinformaton foc tive crystal
oscillator 324, reducing the frequency error. [0124]
wsoiaies emuiginbweZ.an ha drpacenaf eroronhe bel usad dowet an initial value for
oscillator 350 for generating a periodic signal. The
hgwgopbiglesignes and thendhe 8Sapdratulra i mation rstahbination with the active
oscillator emulator 352 in communication with a charge
lican osaillatoracalibragisn . infbiveaticrr yetyabe ased ltb atpoateethsl edrfol signal
352 is normally in the powered down state to reduce

Wit the comstalmscilletor dboulatog IReisppmesred domn Shabks aspect, the
either all or a portion of the crystal oscillator
empesatdie 387singycingeit prwbee dnd@inescliatpr ecatatsrBRBdmay remain
intervals, the crystal oscillator enulator 352 may be
FOWB R\ poweTed s diokttcontimloub emperahee difamngsion phaybs supplied 1o
oscillator 354. The predeterm ned intervals nmay be

et eaniohrd32fs  ahe weotrblosigna f33dnyag i rec eittter phgiamet @halog. If the
such as oloerati ng tine, tenperature change of the

~control signal is digital, a digital-to-analog converter (DAC) .330 may convert the

control signal o 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 siiicon oscillafor 324

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

the supply voltage.
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sem conductor, anbient tenperature change, tenperature
- .of the sem conductor, and supply voltage change. 36
[0125] The charge punp oscillator 354 may include a
charge punp 356, |loop filter 358, voltage controlled
oscillator (VCO 360, and phase detector 362. The
ch%gg furrg_‘osci || ator 354 is simlar in operation to
co 31 ond OpREtige. HErmstivesdiidonaassilstor @2deiptndrimatly irhéhe on
ef erence input of the phase detector 362 receives a
staje, EPeiARY @ Rekiodic geipUT sigmat. hehe opstall osilaitdr! amakator 322 is
emyl ator 352. [0100] A nultiplexer 364 receives the
norgilly ift the: efhaliate. findhe ofistateysithr all@s @i gdritdroof theenats) oscillator
352 and the charge punp oscillator 354. One of the
emyigiqsu22 Maynbe powsrerkbfictbedoraetvepaswer 10 pestictdihined time,
mul tiplexer 375 to a phase | ocked |oop 366. The phase
PoWeIoR @dpliesbly Begrysaiarsatietoramuaiatop8L2 s ThBaendorRiuctor oscillator
function of the output signals fromthe crystal
of ecerystat oscilatut atmatat@5322n0sl thdre cehtnaEe \M%é@ﬁréd b ration
at or

. 354. [0101] In operation, the charge punp osci tor
infcgBatiors. ibe reLsndyroftthe ofbut SighaPoRB hikd| Boilallf %Eﬁﬂit&r 322
'S

out put signal. The crystal oscillator "enul at or

is cnomaredd with the fequeinty 6t Meouthiit -s}iéﬂ%l of f eAl& sngrgrélnjrjli g%glllator 324

all or a portion of the crystal oscillator

to &derming the RYRHEH eftbf of Ahé eiice sﬂﬁ%ﬂ\ﬁ gogeiﬂ%t%r @4'0 ?3 be %tontrol

a p_redeterm' ned tine, power Is app (
sigres Gkl ciaffes W*&b%sé@%ﬁe%ﬂ%ﬁ?‘%gﬂgg%ﬁp%ﬁg ﬁxgﬁﬁft IinI teosrupply

of the crystal oscillator

voltagé Frohthediothgd rédﬂ%ft&i%ef ﬂeao‘ﬁ?da{obg c‘%%r@? é'lll ﬂ']fgor lltxtgf?qr;juency of

The output signal” o crys 0ScC

the 38fvd SlicAHOSRALES 3‘%&} iéghé}gg W F}Qéu%sr{gg%a' of the charge

punp oscillator 354 ermn "Bhase error of

CoTR P2 S5B3RS B gkl BRAnYRy R Sl 30 or
gen@kﬂtﬁlﬁt -asb&ﬂﬂic %ﬁgntahe 'ﬂ?ea Q% Bqugr %grc;:iil.’:ll’tlcnfj1 tEOSE) l?r’l%ﬂldleg 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
oscillatqr emulator 352 may be powered down. ;\t predetermined intervais, the
crystal oscillator emulator 352 may be powered up and used to calibrate the charge
pump osciliator 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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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. 37
[0102] Referring now to Figures 13-15, an integrated
circuit 500 includes a crystal oscillator emul ator
502 that generates a clock signal. One or nore
ci rifRBE 50w chargdeumpt egliiaiterd3®d frawiihciG ar&ﬁaﬂ?é/ Sump 356,
the clock signals. The crystal oscillator enula

loop(fittec 8068 beoltage |cenmmd>samaﬂﬁqvcc§@éoa&wshééé detector 362. The
conjunction with Figures 1- 12 he circuits 502 can

change| putep cospillate s3ir iSéEnirg inhepdratidh b Tehee r
circuits. An external conponeﬂ%QS% can optrﬁéﬂg Ffjé@g pump

oscilkztars @xsepteitiat the retbRfke ihped Hﬁﬂfey p@ésé Iagte%%%a% | reggives a

oscillator emul ator 502 as shown I gures

ref{ar%hﬁ@bloﬁﬁfs?nélﬁts}nw\brﬂ/&aiz? l‘li(afigr §§8 i ntegrated.

circuit 518 includes a t hat

gen[@ﬁ GD?S o ‘?ﬁlhtlﬁé absy &Hec&(/%%e rtgg é)%i ut5§§n§ oftrom the grystal

cl ock requenci es or cCircul

oscﬁl%ﬂeﬁ@%t&e%i Va‘?xldyth%' ?ﬁéfé Lﬁ%;%ﬁ)ég ;ﬁ}r e tZPfs %’ﬁq@utput

be 1 nterconnecte
si ﬁél@qg Ql bt he nteger
such as {e‘lij écﬁd Eg@seﬂtt}ﬂ' q‘:ag'sé’?ﬁgu’bglsﬁ?{ %7§f?aﬁ RPRSs logkg loop
366./ t nent The cl ock divider 520
L %'oiggués@aé%‘(@eé&?d?ﬁfae"%fa Bis, 7 RHIPU #{ngl 28 fafusction of the
rapro ing.di fferent clock signals for
°”tgh‘i\4é'§'?c'|§rf%ﬁ‘u {pB'eRES I3dlop et 1 i FhelaepRip Risdilator
| ock signals as shown to N1 circuits 522 in the
|'nt egrated circuit 518. [0104] In Figure 17, one of
goggﬁc s i ncl udeﬁ processor 530. The processor
be’ "L BRFIELPR dhe $harge BYBRLCsgillgion $6459 Mormaltyeimdthe on
stato ? in addition to the crystal oscillator
eenﬁﬁﬁ?ré NG > PERAYF t QUiPkl Signale Ulines costal bscliar lemualathr 352 is
no 53%- njcate with the clock divider 520. [0105]
TR ’bh'}eeO gate, B the 9H state.oxither plioba pertidnaifdine B2tal oscillator
pLovi %SS cl ock
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 ermor 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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~signals for a processor 530, a graphics processor 540,
menory 542 and/or one or nore circuits 544 in the
integrated circuit 518. A clock divider (not shown)
may al so 38 be provided. The processor 530, graphics
processor 540, nmenory 542 and/or other ~circuits 544

Mayp1e2] | NRRSTERING e Figuraby 3518, balbhegriem efeuitl 38GRdiudes a
Referring now to Figure 19, an integrated circuit 600

cryété]céééﬂ'lﬁﬁr QRfIat8F 5P MtRatChdrevatbs a688ci sigh8R- @J»ne -or-mor@"drcuits
N (collectively circuits 602) and'the [ow power

504°r°nc‘zhle| tegfate? Lircii 1560 r‘é@&(/@ttﬁé c?c?ckd%?ﬁélbbeﬁh@%@é?al 'dciliator

conjunction with Figure e circuit

emlziQt%lr '56% cén ?5 %E%ﬁ%g a§38¥ghbgh %Qe gg‘g@{y r%ﬁgﬂ V\gﬁqﬁéures 1-

not s € provi

12. [ OJFRZ]Clr&lE{seﬂfzaéﬁpl |Jd%;E} bﬁ)f&géar §\rzeaet. ¥96\ﬁr"?‘irl P‘-‘lgﬁ{écﬂ‘? Spl other

I n a packagl ng At e packaglng mat er

cxrcpﬁégll %wee%eﬁ%l c% 50 ﬁaﬂ%: U&Ld"gcg serg@td'?he clock

t are connec frame

' ffe‘% EYhr e 8¥Y£ﬁf°g‘$‘é%§‘b5ﬁ}a@{°§ é"’“% s é‘géﬂ’“qﬁ“ﬁ%ieﬁﬁhgéw 5.

o TRBAD ReHrR not REEBRBSHR I Aok (8l includes a
clogy g@(}?%%ﬁﬁﬂa{] %&e?ﬁ%ﬁ BRUE SIS B at 0fF b Mg BeiiRdr clock
freqHeRF g o1 fgmtu{?%é?% W pnckag 76 45 R ety 25 e

anges |in the agin y also be due_to wate

CWG&E%@?E beofnt%rﬁemp%é%g 9}@ BF INafMamagnes emw'ock dlwder
mdity | evels. result t he packagi ng mater ,
52%%(*?? e C‘P%b‘ééﬂl"éf@%fl RICRAS % 2pein multelige é@/cioﬂ@aleeaﬂ by Y
. Ref rlng owto FIG 20, an integrated circuit 700 is
for ??8 vl 2/a< aqiustanggie k B AigChaivistr 220 70ay alee ysaoRg of gore

qQj,he rior art. As can be apprem ated, <characteristics
ad ffortaﬁéa‘%sa@ns@r Siyisass &rinspdugng difforent slagk sigpals for aier circuits

function of environnental conditions. For

SZ%XEH% pl@ck M@ﬁr PR oy%@r‘ln@lo%glgpglgmsmwn 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 cohnected to the clock divider 520 instead of and/or in addition
to the crystal oscillator emulator 502. vAdditional 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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includes plastic material, the dielectric |oss of the
pl astic material may change over tinme, which may have
an adverse inpact upon calibration accuracy. As used
herein, 39 the termdielectric loss refers to |oss of
energy.that eventual |y produces a rise in tenperature
of a dielectric placed in an alternating electrical

be proyided. Hdmw PiRgesSeT P38, gi@phichire@spar 544, ireemen548f and/ar other
di poles within the material as the dipoles try to

cirquits Bté may henaiasedrnestag) i any Suitalde manaer.ng (el ectri cal )
field of the incident wave. For exanple, when heating
fod819%] a Refardp@vew toHegwept, e atagnalied airduinbDh invitdes one
in the food vibrate and are heated. Sonme materials

or §\9¢th cisUisedG2al .N6GR-2st. i, candaB@P-Nofcobetively| @rchits 602isand the low
m crowaves since they absorb too nmuch heat. These

powert esdiliater 324V evhiihgbperdiss| ascdasicobéd aboedh ar earjendtish ivdth. Figure
Ot her materials such as other types of plastics

11 exXper dktheecifcuitd hrayoincinoe leabtessor Bheswwnedtedital &, cidtiivider
| ower dielectric |loss characteristics. Since the

(nat shown X eaylelso belprdvibed as desmipedpdbad.e at ni crowave
frequencies, low dielectric loss materials are
pr efodored. ir[tegratﬁd Whiicaits gieoraps | §pically tdiRapé@sihi 8 packaging
material over tine may also adversely inpact

materal bTiat paukaging uhatetal rhay FRlutat@EastRasTiR 10 8kbstrate may include

di el ectric loss, increased water content in the
pagathsagietnistied tleade RS Idap e 8998niNRedli BALES Siltktrate, the
| oss of the packaging material. In other features, the

bo REWGIKRUAIOp dTBGIRY bfthe 'l@ds%%%@@nc@eh OV ;5l§§§: “Weed'rbﬁértles of
Hi gh stress materials te to warp, which may aff

theC bédkabing aBRkiaChar issﬁérﬁ%llﬁfusé&‘hr@%ﬁ@ﬁag%j fHa l@n%ﬁ%aﬁ?e over

by changi ng channel | engt As used ™ herein

tlrﬂeo%ébﬁ&%%srrﬁé)e&émteoalp@&{ﬂ%ﬁbﬂ %reliBd ly‘ &lﬁ% datip LeBfhthCto drift

be stabl e and " not change the el ect

ovEN@hact e &ldngss of tﬁepﬁaél%bﬁ%r I%ta?%ecdiﬁé'tﬂ Ehéﬂ‘b%s u‘? the dielectric

changes in sfress. In sone’i mpl enent at | ons,

AR 0 ) 9 B B
dub rt@%é%&%sgfptﬁﬁecff%é Phckadfd 'material at different humidity levels. As a
result, the packaging materfal 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 andlor 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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as greater than 1GHz. 40 [0110] Referring nowto FIG

21, an integrated circuit 710 with an on-chip

sem conductor oscillator 711 with tenperature

conpensation is shown encapsul ated in a packaging

material 714 having a lLow dielectric | oss according to

the present invention. The packaging material 714 may
theygerm gletestiiac Igsacietegs hy ot of eﬁérgPEtNétn&/enk@N d;br%ljﬁ&ésf 4 Gise in

| o0ss. As used herein, the term "l ow dielectfic |oss'
temipgratize oh anaelecmalpwacebaw|armga|@r@btmbet9ééth€a[ IaRS HBéﬁnﬁj R due fo

| ess than or equal to Teflon at a rel evant operati

"mblesyiae dgticof” dthdipbles WREINORRY %‘idté‘r%lf
may be above 1 Gl?lz and/or 2.4 fgﬁ%;bg a{g% téh?o '&orient

themededvdsalitiy 1de Yl
Pol yChl o:r oTri Fl ﬁ%ﬁ) yI eneé”(SECg E%)tﬂg'f!]é[(?érltq&é‘;e) For example,

whzélﬂ:féipimlﬁg?sf?ﬂj glg {dog\l?ékrg\g?fé htﬁ% A(?\SokFQ %f{ ?tjeg a\ﬁ]ﬁ?-‘f# oy the food
VIbféﬁé’@er@é he@feoetgcyrks '?ﬁatépgs s%%ﬁ %%l éﬁ%ﬁ%@%ljcg Paz% gmt gqji?a’ble for

| ow dielectric | oss plastic
@l I e kagi ng materials
e av.”ﬂg“’ﬁfaé’?%é??%ﬁﬁ"kg sBsoff oo ileh SB3E . 1858, maigtia have hion
d r cat The acka ing material also
le'@:fﬁ@;k\)/% reg ati ve 7 g\?tvhﬁbtrg? Hﬁlgog'fﬁhl 8. other fyRes of plastics
[ n | an _ex lary inpl ementation
exd@ feﬂﬁé n?%t éévr'{q 'g“ gp?cuﬂh‘??&cl??gg“% have. lower digjactusm loss
' er detail. An | ted circuit package 718
Ch%rg {e erg anéip?ﬁ é@‘? :ﬂr&i'tsc |dreg8'|'%ed7?§@fhdﬂa)f RPerrfe satp sigrowave
ead franme 733 are connected by
fre%, |els g" 9'@4?0{”8 I‘Pq?emﬁ"z%@]sﬁé P¥ferre@ i nt egr at ed
2@39@5 A?(Vcanc%e a preC| ated, the integrated circuit
SErPligR Pt JheluBlestic dratetialapwer \timeh may also
ad r%qer ature c&g_pensau on as described above. Portions
v&rs heMpPagy calpsetion jpecwsry wSines water amas ehaigh dielectric loss,

i nt e{gr ated circuit 724 are encapsulated in a
'"C‘i?&éﬁ JYHE" Aentent Bl thessackeaimopmetesgl tepdadt éncrabsd e MRYectric

loss of %e 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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pl asti c packaging material having |low dielectric |oss.
As can be appreciated, other 41 types of packagi ng
such 'as ball grid array (BGA), flip chip and/or any
ot her suitable packaging technique may be enpl oyed in
this enbodi mrent and/or others that precede or follow

0 Ref ' | i . '
030910} REEHTE, BRI PIELS, PP ULEER) T wih o oo
serf i%%(?%?}rﬁ g%r 3? ‘l‘,gftg EZ ‘F'g With ‘%Q mﬁg@tﬁ%”&ﬁée%%ﬁ{?ﬁ fISle h%%v%renz:g%sulated

accor resent "1 nventi on.

: [ ) ] ductor .oscillator 741
n %ggnpg‘?%%@}"fﬁé%ﬁtég:ﬂaﬁ € g i I%’\(’:"u ]g Fél%kguig?%lac% ng fogihg Jyresent
: ver £44 j onded t.o integrated cifrcuit . .
v TP aaB e Terehitl bPE ma b Bt shting grateias naving
epoxy..l aver . 750 nmay haye | ow dielectric | oss. The .
iowgﬁ?lggtnf:t%%sr A'f 4l£ﬁe.dt m%egp?;@t%rgg i%w fﬁ%egi% *q_Sﬁ e lre%ttarsdto. materials
i. nt eqr. ircyuit. substrate are_encapsul ated in a
ha"ﬂ&ﬁ%&%ﬁﬁmﬁﬁ%ﬁ ‘i%af Is7lg65 thap phiegualclaskefionial yirelpwant gperating
| oss of t ckagin terial is less critical due to
frequfBSy Pk e T s RSBING REHSTRICY Ghe et e 1 Ghiz andior
p%g_ragi ng material 760. Therefore, changes in_the ®
24038 %ect e PR&aoiagdmierisl net4 dHay aRsersasmnriss defleme Teflon
lgackagri_n material 760 are less critical as a
PolyGhierq IgiTugrokingene HAREVEE). t Reflemckagiiony nluwinatad cathylene
be low dielectric 1loss material. V\hile@the gl ass
PropyeRe cPEol¥MEI e Petfiveraatitaxyk (RPmiledetretdany i efion”, capelymer
gl ass layer may be limted to a smaller region
of ethiiene andl iptratijcreethyiene (EREE).slowi dielediictioss plstit,| kgl quality
-[0113] Referring nowto FIGs. 24 and 25, an alternate
olaps EE AW @ Ptherrealpials. pAbk ateripackagiichgateniatsrhavirigpdielectric loss
sem conductor oscillator according to the present
that jpvlens than erseasbim Teflon srecatysdinpiated. i $he ipatkaging matdriat also
- shown and described above in conjunction with FIG
-may davertaivety, lowhveatel ahsormtioper 744 defines a cavity 746.

The cavity 746 is adjacent to, aligned with and
extlBhtt] ov&efartieg inoduts G1G742, anesemplary 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 includes 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 includes 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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cavity 752 is fornmed between the inductor 742 and the
gl ass layer 744. A thin epoxy 42 layer 750 is forned
between the glass |ayer 744 and the integrated circuit
substrate 740 in areas other than the cavity 746. The
gl ass layer 744 may be etched to define the cavity
typendf phgipgidgisucepexball ghdj acan(BGA), tireclyp asg/dr apg othesysuitable
include multiple |ayers of glass and at |east one
" padkayiag fealsnigue aviay \oef @mpbal/echér ehia. efmdbdifjenRefrelfari otfjers that
now to FIG 26, a capacitor of an on-chip
pres&ds oot or  oscillator may be adjusted based upon
t enperature conpensation as previously described
abque12jAs Raferliey apwriecial &b, dnomearaste integraedicicot package
ways of adjusting the oscillating frequency

738 nettpRRdentor-610P) aghperbiuRgcdhBeRRet iseaticahddétor oscillaior 741
i nductor- of the sem conductor oscillator. [0115]

acddrdifg td e preverdiOnfenton 2ih thideinBb8igdett &fle GemtdehtiudsiOosciliator
includes a fractional phase |ocked loop 831 with a

74f BHRBAssWHIBin epsRtliPnaLeBE Y42 Thegiadd RGED PRG5 HBRaSEo the
ocked |l oop 831 I ncludes a phase frequencCy detector

inté‘i&gtep l'&kun rsﬁs&iafgh%_zx@ms%gtao%w%iﬁ BSoiyNEGr Aloe dried £5dkiytiayer

oscl |l lator 832, ich operatés as déscri bed above.
’ SR t L35/ H628! fe&hoRy layer 750 and th
75%5@2%2%%%%%%%@ io@%agg%%gan agydiﬁ ffefen%og%ta\xgren aan ©

int%é‘r%%rd%ri}‘éﬁi Eﬁﬁﬁéléé‘?é‘?lo Qféderﬁ:aggé?a‘{egqg ‘égfgglr(%geﬂ%ﬁn%eri | 760. In this

erentral signal 1s out
ool ORI el BIB o0 Bbnco
olbig Bt 2 30 PGSBS UL ) el e
R ! LRGS0 e
crf el A e BReGR 10€ Reaflalih g e e g citectri
iosesnPllaPe%gp’ V\}hl?lg tg(ia \G!as’s%rlgyeqqg shg\%xeov%% 1 e lrleulr?t%grated circuit, the
glass layer may be limited to a smaller region immediately adjacent io the
semiconductor oscillator.

[0113] Referring now to FIGs. 24 and 25, an alternéte 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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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
tenperature signal that is used to address calibration

layen 760 rimforored3sBwebathd §lass fived 7uB JHRMRE Y, The. - .
sel ected calibration infor nay?i onis usegé?%tegdﬁﬁg{t Substrate

74Dlie aseal ather tBih ehe t;a\ﬁ@%e.Thmégéﬁfg?gr 2 h%g%hi eggrbe%pldeﬁne

information adjusts a ratio o I Vi sor

thd leatityaaed b scaking [ 4 0117 .
eansons i 4t fof Byl B e o

Referring now to

layehosfglhackRiat IEQ&%nng%grﬂﬁ %oc‘.g\'/itf%?or ma#éhgrtgﬁﬁggaggt i on

circurt 860 that in es a tenper

| Nppy1447he }@&%ﬁﬂg%\,&g} I‘Igl% ﬁéad %2?4!3%%%2%: ai(ﬂo grlljcgi? &Se%%q;é%uctor

adj ust an output”™ o
osSRABE e pal 4 | Lpf or mat i on adj ust a_ _
nodul at | o%ébéecgl\g\%é%%ggdﬁ{ﬂnsg%p%g%% Wrrengafongpe previously
d e [ circuit 844. [0118] Referring now
e%'%%%f@b 0% AECC%:"O%Q%%??%SWWW% ﬁ}'ﬁfeeﬁresqﬂé%'élvamof adjusting
! [ing calibration points using a |linear
thd PO 9 :
e ee g henlahcyl idondident Bomyaisincche rapasiior Bndior anductor of
rol _hegins with step 902. In step 904,
th%%%@?%&hﬁé’fﬁﬁ@@“sanpl e calibration points at a
pl u{oqh- y g{ﬁft enperatures. In step 906, linear curve
fith éf al GBTPTREENYYY do & 20 gerieiegrated wirceis 830r includes a
t he e rgture points between the sanple points.
fra H’“@[ @bagggc niaegl 8&hadth poteragersefe raommgnsativnt hput, The
; Fl G 32, a flow chart 920 illustrating steps for
raghonal,Phase degksdi Iegp el inchudesnapatiases fragubnieyi dgedtbd 886 that
order curve fitting algorithns - to generate the
FECEYPP bt PipHta 8t dhe Tintegsatep scishuitwosciltatbt @322 WHigY diferates as
d in,gl enented _using a conputer that includes a
SIIBER $8BYe- andhenitaseyreqdemy détebiegi 885 yéridrates aRiifét8Rtal signal
In step 924, control mneasures sanple calibration
ba?%’i f § differgnpe lpetwaeanya oéference 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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44 tenperatures. in step 926, higher order curve
fitting algorithnms are used to generate curves for

ot her tenperature points between the sanple points. In
step 928, control ends. [0120] Referring now to FIGs.
31A-31G various exenplary inplenentations of the

pr@@ﬂm | AR TR S eheS ROMRhg BREGY BEDGisRW bsceﬂt@thé’ﬂphase
A, the present invention can be inplemented in a hard

frecibRky efe¥@r 3880.A THRPRERTE Rensdr B M5 BB Y, %ﬂﬁe‘?&i‘fﬁr@t of the

any i ntegrated ci rcwt such as either.or bot gnal

e 0 u re
intel gfeégicfzﬁb@gléiggﬂ(\ O[P C%Bfo:r]\ }&e% fh%lig ?tsm\f‘%gp %39 ~The temperature

s.en"er.p |8%'Ge B%@%Eso éeﬁpgraotrﬁggignglr ‘Pr‘r‘aqséz' ge nt‘é)/ %Bd;;é%‘t ct.a? hra’non

circuit recrrcuits shomn
; f
lﬂf@%%?&oﬁ@/ ‘psggr@%rgﬁnﬁ gge%&}v Zﬁﬁ%g He"Cek eg:?éé]g ﬁ)'?éjt{o?\r%m{matlon is

usetdpgtragg%t %Q&é&négB@.\]{jf%ﬁ ZTE% %ﬂe%{jeﬁ[rjsﬁ %@6@ rmfgrmatlon adjusts a
ratig QR Epb L %‘aﬂﬁﬁrﬁég%%@x kS oalus b erEEan’ ]
iyif*é BeRHEY Frw ST G, o REP-Bie detyfel ghase fooked
*oom%?%%oswr 5 Binies %%@‘“#E'cw‘i%‘%b Bytebogeuien &gemperatre
o AR5 1% Fag%teaﬁmwos%%smg% Shgn o

d/ or o he e el e ronj c data-storage. [0122]
of fr‘:agfgéw’i‘. E} mﬁ? 5*1‘8 s Jp?%@aﬂon 'ﬁﬁ%ﬁ@‘i‘%m@wdwsta
i npl enented . in a digita

N | versatile disc
mogwﬁwngetwenﬁ%d'wﬁe@éﬁenﬁ mErihpiaTe Magd by ?:‘Fﬁé'ﬁﬁ Cﬁ@i-vt 844.
i nt sg% ted circuit such _as either or both signal

pr d i ng REIRATG NowoiR FHF- €Pr auflaws chafii 890 diugtrates steps for

generally identified in FIG 31 B-at 1012, and/or mass
meggyripg 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 plurality of temperatures. in step 906, linear
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 chartv920 illustrating steps for
measuring sampling calibration points and using higher order curve fiting algorithms
to generate the calibration data. The steps shown in FIG. 29 may be implemented
using a computer that includes a processor and memory. Control begins with step

902. In step 924, control measures sample calibration points at a piurality of

44



45 storage of the DVD drive 1010. The signal
processing and/or control circuit 1012 and/or other
circuits (not shown) in the DVD 1010 may process dat a,
perform coding and/or encryption, perform

cal cul ations, and/or format data that is read from

@ntpeoaturedatia sibi 32468 Righer aiticd Burve dittingt g FEEmMBRF USBJ to generate
1016. In sone inplenmentations, the signal processing

antiéo for o tehpEiatutl ipbintd BamaR /s s&hBRI pdimts C Yk t&p (928t control
shown) in the DVD 1010 can al so perform ot her

&ndect i ons such as encodi ng and/ or decodi ng and/ or any

ot her signal processing functions associated with a

DVD doiige] [ &&&dlingrhendWD @r i vecd 01Q1mey1 € OMMAb &ALt &xemplary
wi th an out put device (not shown) such as a conputer,

IngpievibAia0nOG the PesseRevERioN @ ARBWA! FBESN 'n%gfdco@iﬁs. 314, the

wi rel ess communi cation Iinks 1017. The DVD 10 may

ERIEBHNIrvakibrcAN HERMSplekiah@dShok a8Rd 1848 dhat1 08O €8e present
data in a nonvol atile manner. The mass data storage

HSStdYndyn rhimedt handirfigtkied! bv&it -asT i8nd i

'havel the ggnf?gur at !fbgié{ Irg?}ggémtegi EM%I“GE%%ES %ﬁ%é_}agbrﬂr%f}\{a@ signal
E%c_@sé'lh@ andSPcdMR cirdfk UBSH QR o e ﬁeﬂ%if%tdtiﬁrﬁct;. ?1!\ at 1002.
aving a dianeter that 1s smallgr t han approxi mately

b 86meﬁh&é@@%%l%91 g%/fiaﬁai &Qe&%ﬁbe?nd/& HB&R{%}%&@B%% and/or

such as atency nonvol atil e meno

athet bashs TRIRINWANGY Bk b abos %éy%%}g@esgao%‘étrp%gf’oﬁn dag g and/or

storage. [0124] Referring now to presen

 NIPRERRCROR, Db G LA ) o e

fﬂﬁl@ﬁﬁ@ﬁe@&foﬂa@é%ﬂrﬁqo%.rCUit such as either or
bot h signal proCessing and/or control circuits, which

|1 i i 4 in. y 0 | '
Tt erraed oy or nall aphognuniate i i i 3pbt shown)
e HOBcckiEler, St RDriiNG WB0itL. <SUOLEAaChE R acistants

wired or wireless format and generates

sbINE Shohek, Redidicy By pﬂa?égh%{)dﬂméqﬂ@ %@@b#%@? 8L Sia one or

signal processing circul or cont
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 datastorage.

[0122] Referring now to FIG. 31B, the present invention can be
implemented in a digital versatile disc (DVD) drive 1 010. 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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46 circuit 1022 and/or other circuits (not shown) of

t he HDTV 1020 may process data, perform coding and/or
encryption, performcalcul ations; format data and/or
perform any other type of HDTV processing that nmay be
required. [0125] The HDTV 1020 nay communi cate with
mass data storage 1027 that stores data in a

storaae off 4 DY Drgirive 104 Oc HTtas sigphi pRcesdIng %hdml%ﬁtrblccnrcult 1012
storage devices. At |east one HDD may have th

angmfathgrrcircitan(reh showm in M@Dmmwlﬁ{d?fprééess@’a@as e?fﬁﬁn coding
DVD may have the configuration shown in FIG 31

anelloD emeyypkien aperforni cattilational ahBer #ekesat A3 ﬁ'l'at rEDI:eecxd from and/or
platters having a dianmeter that is snal I er

dageppritient teedire bytickd BforagWeMQﬁM G'Q? Oln Qﬂgﬁg{l(?r%, rtf?e signal

menory 1028 such as ten y nonvo

Proeuseing aHdedt dmtrol aﬁéummw n@/@lg?@fe{%ggﬁ gn%'t' ﬁh@bl Fin the DVD

el ectroni c data storage.

1090 RRAHsoCsHRAT btRESTURLidAs ﬁc%'\gﬁ/éoglr%o rﬁﬁ etg%?\gtalr]\g/or any

interface 1029. [0126 eferring now ted eireuit
ot T &FMAI ploB¥SHHd RIMCHSHY &réﬁ&taﬁeoa\f)léh T&g;df géaq,\ﬁ AN

in a control system of a;/e ol oo el e
S
conf et oy S EPVP TREMOS Ae B Sore Wi Cpitinics (o
SHRP SusP e LRI BRRI 5o foves vindon i)rpml R wied or
W*%E%ié@*“é?s?fw@@n;@{f%% 530 Shak conmnste with mass
t put
daBE PP @g’@%@t@%@ & LA GeRKC BflerBenTRy. Saednessdata storage
ﬁé i,on paranet ers, and/or other
10 %ﬁ |"c@'d8naa|h§ F'ﬁ ff'?efH@Ddr e5gHODh eyt have tmaycomfigaration
I| t her control systens 1040 of the
Shv‘grﬁ r:L,TFéf %g@eﬂqﬁg o’ﬁ?Y BE asyint &R0 thed inrludesidoewirseore platters

rece als frominput sensors 10{:2 and/ or out put
“%’891&%‘?%?9@%5 Ssisalgethen arnreximatelut.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 eiectronic 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 wifeles-s format and generates HDTV output signals for a

display 1026. In some implementations, signal processing circuit and/or control
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47 devices 1044. In sone inplenentations, the control

system 1040 may be part of an anti-Ilock braking

system (ABS), a navigation system a telenmatics

system a vehicle telematics system a |lane departure

system an adaptive cruise control system a vehicle

entertai nnent system such as a stereo, DVD, conpact
cirguit 402 dntifoe ottideaciroitd ot sPHWAY of FR AL /Y7

contenpl ated. [0128] The power?rai n contrgféogﬁéyg;ﬁw&ess data,
PelfoBa cudingcaTIIONEAY S, bBridRs TaliBnS BFAYC 446 (At

stores data in a nonvofgti e rranner'.an%hfg rras%ét%aﬁngyor perform

ang biiieaahe GTHOTVRI0dAShY B8t 9hb) 62 tedidhor magnetic

storage devices for exanple hard SK™" drives HDD
andfoarsPVDSTheAHDTRA may. have. t he ,
confi gu]r:)at i on shom$?%@@%ﬁxgﬁ%/ Bith fiassedatn siprage 1027

the | tion shown in FIG 31B. The
H\S‘li)brﬁgydg%\{ﬁ atmhﬁri) % ?Mﬁa‘?’e:r nsé'lcﬁ s OBlirg! SF&% reagnetic storage

o maraye o MegRS e PPl it iy GoarAvsalor a
1047 h RAM ROM |
ey Ry et e CABERg o SR Vi 1 Beion HDD may e o

itable el ectronic data storage. The

. £ r. .
m'@?&%?spéﬁ'ﬁgﬁ'gé £P51°7 JYYP RS Dayingoa idigmesentihet is smaller than
. [, aNS, Wit h ia a WLAAN network interface
AR IS o ARY 01586 tasongestsd inohemoryss such as
RAﬂﬁt'aﬂ tlora]g , _menory and/or a WLAN interface (all not

SHo i"F P gﬂ”%é?%wkaﬁ'g AeWans sact a3 figsh neenayesetidr other

Jnvention . cgn be inplenmented in a cellular phone 1050
S“'ta% &ﬁﬁt{/’q'% g?@d“é"%‘%eﬁl’"@l*‘ﬂ?ﬂiﬁﬂéﬁ r@dsolif5y sugptet canin@SBdts with

.nvention nmay inmplement any integrated circuit such as
a Vgl-r/%lﬁ&a %ﬁ/%{ﬂe@%weﬁ%ﬁd@@%i ng and/ or control
ci r%%éjs, which are generally identified in FIG 31E
at [ . &R inavelof HiSe i /tbe pressit taieatich ahpBmeRts any
. . the cellu]l ar phone 1050. In sone inplenentations, the
INtGIERTER | GHEUR b e CAIBY symieudés eehitier 10300 REWLASS intéface and/or

audij o
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 also be implemented in other control
systems 1040 of the vehicle 1030. The control system 1040 may likewise reéeive

signals from input sensors 1042 and/or output control signals to one or more output
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48 out put 1058 such as a speaker and/or audi o out put
jack, a display 1060 and/or an input device 1062 such
as a keypad, pointing device, voice actuation and/or
other input device. The signal processing and/or
control circuits 1052 and/or other circuits (not
shown) in the cellular phone 1050 may process data,

deyiges ohdte daisameanplementaiisy e cohtrad €9$t6MM 040 may be part of an
cal cul ati ons, format data and/or perform ot her

ardidpek pegkingheystem f(ABS),| anavigs stethea ERbhatiéd s €a vehicle

1050 may communi cate with mass data storage 1 t hat

telommati feen, ian| i isaPid '
ies systeen, i an lamenoepentuad isySteRIMIE BdSHRB n:%?:s%pédrgr%!jlsgﬁem, a

and/ or magnetic storage devices for exanple har

vetiidley esteHiBiDreent syste\dosh 2Ata §i8ASE DUYIE : the .
configuration shown in FIG 31A and/or e eé%?ﬁﬁ%e tke. Still

otmyDmpiymdraatibnshee comBhipii4e@t i on shown in FIG 31B. The
HDD nay be a mini HOD that includes one or nore

pl afo128y h@h@go@eﬂﬁaﬂﬂ@éﬁwqégﬁfgﬁ 5%%#eéyi%gﬁ%ﬁ§§a@ewith mass

approximately 1.8". The ce

v . I I
o b i 85, 34 BB N B e e

nonvol atil e nmenory suc

102,iﬁuapli&l@deeebﬁ&ﬁ‘ia%d%?trﬁa%ﬁétg% %%Tcﬁ‘%icg?e' g@%ng,‘ﬂegﬂsm disk

050 al so may support connecti .

NS B0k DV A el 035 1 e e s shawn i
718, 3P B e 0B BESTERS 4 e o i 5.
Thg?ilbla‘;fhgf g%la;)ﬁllﬂﬁm ?}?zgggaﬁg% %?c—? tgagoag Ipzk_%élzﬁf ﬁévimvgll\d?igmeter
R0 TR 738 Bl et S B
coBMAEE WIS ol B S0 0 R Bl saotaard
subtPhs "f\agﬂ Srﬂ%lrr‘?a/ry 1a(r)1§ﬁ)r %ﬁ?erl]' s%isfa&ete?elc?r\(/)inﬁ:i é)ar’za 2?0%8; %2 iptog/rertrain
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 é cellular 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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49 and/ or other video and/or audi o output devices. The
signal processing and/or control «circuits 1084 and/or
other circuits (not shown) of the set top box 1080 nay
process data, perform coding and/or encryption,
perform cal cul ations, format data and/or perform any
ot her set top box function. [0132] The set top box

- oURE0! Ahdysusbraraispatiesrvaridionasdio Gatrut FAK! a%GispidP 9866 Mlior an
stores data in a nonvol atile manner. The mass data

inputodevipe 1080 suahy as iaNkd e PBintif@dedied/ 96icér%g:ﬂﬁghﬁ and/or other

st orage devices for exarrple hard di sk drive

inatdiesice DViBe. sighal |pﬁﬂﬁabsiﬁ§%nam d@ﬁ%gl@ﬁit% q?ﬁ% gnd/pr gther circuits

configuration shown in FIG 31A or a

(nGivEnhawy) ihatme de‘ﬂ_@la?%HfagQU]rO%bi 915¥5d?83&si stk Seﬁ%r}rg'cor]-igge and/or

HDD may be a mini that 1 ncl'udes one o

enghyptib® Betfeiti BSicalafbRTS ' L.l er than
appr oxi Erat ely 1ogr g ?é?tt tB%% %’g(yoiggﬁomftﬁﬁ% cellular phone
fus@lioRected to nmenory 1094 such as RAM ROM | ow

| atency nonvol atile nmenory such as flash nenory

Fop DeeY 1 oo bR ool TR0 Aviesioinbaanit rra dveatorage
108 e, St "B & b0 RedR manned iz coptiel andior’ magneic
S BT " Rl e s ancher BV Pauikt isastione HDD
I8 boigyrioh PolganeTal 1 powar af ped ane TV EmaGve the
coffhutebir g 21C1 450, T HdRanawibe ermint BDEomt rodes one or
”‘0% g’iﬁ?ﬁe%@ﬁﬁ%éﬁﬁiﬁpﬁﬁ geasi@;pgimsaﬂ ;ﬁlmgpég;te?;%?.{ hr;e cellular

hI [ ke] n so i npl enent ations, the nmedia player 1100
PURES/ Bﬁé)lw © Cgpapred 40 mereeryi M6 Suxbeas GAN, ROM, low fatency

t%gal Ig enpl oys nenus, drop down nenus, icons
nonYRiptls MerHehBuGh@s cllashk memary f araorv bthet heziitdblepbia¥ronic data

1107 and/or user input 1108. The
storage. The cellular phone 1050 also may support connections with a WLAN via a

WLAN network interface 1068.

[0131] Referring now to FIG. 31F, thé 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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50 medi a player 1100 further includes an audi o out put
1109 such as a speaker and/or audio output jack. The
signal processing and/or control circuits 1104 and/or
other ~circuits (not shown) of the nmedia player 1100
may process data, perform coding and/or encryption,

perform cal cul ati ons, format data and/ or perforn1any

angidnethereitien ami/@yaidid outpli @dvicds) 1 si%;r gi‘&fé' g f§ 6:‘7% r.control
ge

1100 may comuni cate with nass data s

cirstitsr t@84dandios uther aFcLieNRLE §§&ﬂn)aéﬁh8 s@f‘ ?Tgé)oﬁoﬁl h g may process

content in a nonvolatile nmanner.

dataypeaformt %d:ﬁ@%nd?&eeﬁigﬂ}fo?ﬁ% g!‘rldbéic&l fdEs, s ﬁla& data and/or

files that are conpli wi t A orna or o

peﬁurmabyaﬂ@gafﬁgqﬁgéfmbg and/or video formats. The
mass data storage may i ncl ude opti cal and/ or rragneti c

t d
Z ng;(ﬁgﬁ VDSeMiegfétl tfgg;t%cﬁe(ﬁﬁ%w ﬂug\?)ga éﬁ mass data storage
109@%&%4&%‘@% Sirlﬂ%"\ﬁ]oﬂ lal%d rGhl &g?r OF ngt g%a%assttg@%geﬁ%) may

D may have t he con

Indﬂ@@ SitaP Bndyof il ng'ﬁ)PﬁLo?ate A 85, Qo OF haRb ek drives HDD

pl atters aV| ng
I L8 | ayer 1100 may be

a”@@ﬁr'{g@%g 'x'agtn%f}ey Hbﬁﬂ“%bﬁ"%g hexERpTigurpiion shewmire fit§. 31A
uc s flash nenory and/ or ot her

a“@@%{)lﬁ%{ éﬁ‘%%ﬁ%&’s’@é{?éﬁe SoBfggationseowe i KIGI 34Rer The HDD

v 0_also t connections with a W.AN via a

m 1%\1 nré'ﬂwr@% tﬁﬁghc&ggsmor Siqre | plaftgrerhaving a diameter that is

smgpn% nentations . in addition to those described above

Ht %%Péll’@ée'y[bﬁss] TRef 8¢t tapgbao1086 Fagshe connected to

m %ég an |nte ated circuit package is shown that
W&S 7 aueh acﬁ1 e’?a@%l lejv dgtenpy swevalatile posryonsswch as flash

| aye a d/or "islands" adjacent to one or nore
me&é‘% " foihgrusuiabler elgcisonic ciate witrage. Gihe st toPex 1080 also

"i sl ands" of the anneal ed gl ass paste or epoxy |ayer
may SHPRRI RerNecEang with YMsAN fviaa dVIDAN hetwork 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 signa!‘ 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 pqint—and-click interface via the display 1107 and/or user input 1108. The

50



51 sides of the silicon wafer. In FIG 32A, an
alternate integrated circuit package 1200 includes a
silicon wafer 1204. An anneal ed gl ass paste | ayer or
portions 1206 is/are fornmed on the silicon wafer
1204. A nolding material 1208 may be used to

encapsul ate all or part of the silicon wafer 1204. The

mediaeadyet g0 SartipashSudady 8h au&?fpéutﬁhﬁ ‘i’? V<R gﬁ’ﬁeés g&g)éetaléer and/or

change in stress over tinme. The anneal ed gl ass

audity eutpul 244k, TRBASgAZ dre@saify Qh&/oprcloﬁl?(?lt%r%[%s% Eﬁg‘éﬁfﬁdé‘” other

silicon wafer 1204 from variati ons h

. : ' f f | di .
cmumpers smumych 58 (Shabesbid e gh el Bhrom o

andrst ey pliok Spe i ASC] as .described ,

above. 'Fﬂe a%eaﬁg%q%{yg’s@%b?srb%& ﬁé&é’e NIRRT 3 HPthgemedia

pl@elh@fsiopaste having a relatively |ow annealing
tenperature. The | ow annealing tenperature may be

| owggq d4han [e t woul d damage the silicon

et 350 oyt BB, Bell ot el ety mepudeta storage
119hagsyt f Ll LaaP e..he gl ass paste |ayer may be applied

i R g‘%yt/ &gé{etsagﬁg r?ﬁﬁrheefsg C?HE“%F%@S aydior anf/gy efidemycoptent in a
v 1 ing @ screen printing approach, a dipping
nogg%%{gggﬂ,gﬁierhégk?%@e HBHBW&@F?}"'OﬁﬁdWGr cqQpragseshgudio Higas include

b e approach. [0137] In FIG 326, an alternate

ﬁle’%ﬁ*éﬁ?'lft %CH"@%”EW% Méé ]lf‘&r@'@tﬁl@h?l’n%ulﬁ@b@sccanpresmﬂmudiu@nd/or
vi faferi atl l.ayer or coating 1212 that is applied to the

déﬁ SUNYast dedragh ezl stpragermay guluderepticainahadéer magnetic storage
demate ial layer 1212 may include a |layer of conductive

%'8‘8§<ff’.r efﬁ@p{ed?ﬁﬂ@ﬁk\ﬁgwﬁﬁf@l? andioaPiDs1 2 2eashpnd€iDD may have
thedP lped as a liquid and cured. The conductive

ehé’%@ JHRligRREPWI Y Fifdy 31 Ac Budier cainibast iove BPDXYnay have the

int, The conductive material |ayer 1212 may be

corgionration showsnip RGi 84B) dhedsBDonay be laudinhBDDYKEPINBGIGES 8ne or

silicon wafer 1204 into a container such as a dish
more Q{aﬁ@%f‘&\f"ﬁ& atdigmetspthat 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 dats
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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conductive material. The conductive material |ayer

. 1212 tends to reduce electro- magnetic interference
fromexternal devices. [0138] In FIG 32C, an
integrated circuit package 1220 includes the anneal ed
gl ass paste |l ayer 1206, which is applied to selected
portions of the silicon wafer 1204. In FIG 32D, an

sidext efgthatstidos iwafer. t InTAICK B3GR, 4R 3Reinaed mgs@ﬁ{g'ag% Q@g)?{:i\?}%e 1200

gl ass paste or epoxy portions 1206 an

inctatley & allicdR hfer ive4. C#WQM?éélé/oegI%géoéééﬁtE: t?%e%f paRbns §§§§ is/are

t he anneal ed gl ass paste | ayer

formaéd topueHy B o} i 204 X eferrin
onow to FI ngm%'g?%fgll') @glai \é\%zﬁ%&lﬁﬁt @Sgegéggl]zggr Dgy {be Used to

Kasge . : alkt ernat e, i ntegrated
er‘giagcui tsﬁggﬁgg@%ﬂ%%”?hﬁﬁégg%e gﬁﬁe%ﬂ”@é‘legl glass paste layer
ucLive terial |ayer
1B FalEbs M e eSS R ines o Pltied Gikss paste tayer
2.0f the silicon wafer 1204. In FIG
1288 PRAGE RS Reck ol or 1 PL s Siea e aters 34 fiom tstons n the
o . I | ass aste | ayer 1206 and
i Bt Bitbobits AR eladuc Rs phiemplsinamaicriactatsd
adj g t h an.oscillator 1252 of the silicon wafer
1202'.?1%}’ 140119 Rligerswatesd 204ymay frolyie @ emieandatted oscillator as

L cuit pac e 1260 includes the anneal ed gl ass
de%g@k%eéf FRYEr Kﬁr%)an% ¢ §iigs dEsteclapan $20Gmayapendd 21dass paste
hawh_i ch@ﬁre | ocat ed adjacent to an inductor 1262 of the
SR BiRtaNdPwiagealing iempriatirer Thedow amagalig wmperature may
b gn-chg‘% i nductor such as a spiral inductor. In FIG
SIWC HignA {esprpiptire ithatpud demege dioe silipa lage 12020 The glass
i ncl udes the anneal ed gl ass paste |ayer 1206 and
P?é@damﬁ% TraY Exciugle glassdirit pasie, Tweigldssapestd RysF Ry be applied:
. adjacent to oscillator circuit 1272 wth an inductor
In gny;auitable manmer] Theglasmemstekiygt mag bpambhed 8818§ adkcfn printing
tends to reduce the change in :
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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stress over tinme that can occur. The anneal ed gl ass
paste |ayer isolates all or part of the silicon wafer
fromvariations in the dielectric properties such as
dielectric loss of the nolding material. This can be

particul arly advant ageous when attenpting to
calibrate using tenperature as descri bed above. [0142]

cdareluetiva nepterialy tﬂw&b@iﬁduoﬁ%‘rﬁ’é’c@iaﬁ%&&" DAL e r%%ﬁé’e electro-

circuit packages are shown that cl ude annéale

mgbasti: in@sernad oM eRBRMEY dBAELd ONS and a gl ass or
silicon layer that create an air gap above portions of

i[D1 5. 19 650 5348 Legdogl reyl
o 10t v L g Bl MR B o Al o
arheaRal Qs Obane AR5 1R0BOIICR TS BBl Bl Sl AL TREeRs o7 fhe sifcon

yeal |
silicon wafer 1 in a space

wdiee 1264 F}PFF(?.SSIVQE%QPI E@%‘FB%‘JB@E% a%% esgiyclgggs the annealed

above. A no ma
=B 0CEeSS| 1 he or,tjons 1306 ma be
glﬁ%ﬁ?g?{ﬁegﬁsﬁi&g ag&rt)'ép‘? 3%9%89 h&PNQcdive %/n@t%ﬁﬁb\ﬂi&jé. The
a r rface. [0143] A glass or silicon
Coﬁg%tﬁfél@fgéﬁag 1332p’5'?¥ e@vgbi@%]atnﬁég@ﬁl glagm paafeetayen 30a6 while

. rtions 1306. Epoxy or other adhesive
*°§%ﬁ@§b&%?%?‘m t%ﬁiﬂ}'cﬂgwaﬁéreﬁ-’ o attach the glass or
si | "?ﬁ%’ I ayé%r 1310 to the AGP portions 1306. AGP
por (1513 13087He AW JPafdCer 33A-3%nn dlteyrete Tiakarated Ntircuit
agg air %i\p 1324 above an oscillator 1320 in FIG 34A
PEINIS 2y "W hetn EilPcaBA. anoaitamate| iGlegBtBd difveit abackage 1240
in%?@%,{gr oVvi d%s the material (air) having the | owest
Ui AP ENBPRIPR BiAsE Pastsdaver) 1206 apdtthasondudties nestyrsdl alyer 1212,
oscillators are used, the air is needed to allow the
W’E‘?'yé‘iea!PCfifsd adi2sgRbloecircuit roptHoeentsct24R, oftthe silichn WafetSe®4. in
Fléoagél ow nmechani cal oscillation. [0144] In FIGs.
4628499 alteinatyr integdatedraoiit ppakdgrg 250l BRides dhd 36Realed glass
i nclude a silicon wafer 1304. Epoxy portions 1342 are
Papisriawer AP6tansl sondustive waterial 15/%r 1204, which a&em@ecﬁgéjé&ent to
rel ati onshi p. The epoxy portions 1342 may be forned "as
an oscillator 1252 of the silicon wafer 1204.

| [0140] In FIG. 33C, an alternate integrated circuit paCké_ge 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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descri bed above. Post-processing of the epoxy portions
1306 may be perforned such as polishing or other
steps to provide a planar outer surface. A glass or
silicon layer 1310 is supported above the silicon

waf er 1304 by the epoxy portions 1342. Epoxy or other
adhesive binding material may be used to attach the

| - - ) 1
2555100, 10 Wbt 48 B RORY IR 2 oo
i . ' 1320 i.n FIG 34C
S OIS R0 8 o 50 IS o o o

thEediR6h Wil i WAt in%ﬁé"o‘?’%ﬁB(gfig !ptm%r al esoyi fazcgéigt@,%’gic loss of

circuit packages are shownl
i j - t es. ir gap. In FIG 35A

S PRI PR, b SRR B Bonemayraierying
il ti 1382 that defi

calbreie 1908 brdiditrdhs BeomS8abia glass or silicon |

por t4 138 include nmultiple sections that are
j oi i%ﬁdbg oge%ﬁ’g’?."gTHlé’“hitP GaFs- Pdu34R, |aemetl iategvatedncircuit
cillator 132@. In FIG 35B, an integrated circuit
pa%%%q@sg%r © shey thaLinglyEe aanenler ahess pAsts andlor epbiycportions and a
II ayer .1382 that defines an air gap 1384. The air gap
9'assy Silicop fyer that skesiean alrigapahove B2gions 01 46jlicBafnerdr NG FIGs.
ow to FI Gs. 36A-36C, nethods for making integrated
34dy i IntegEAtRe Geuiti Badkaose o Hoamed 4B20 sHvhwle a Aflicon wafer 1304,
integrated circuit structure 1400 includes a silicon
Anfgpie olass-pasie portiens 1395 @k fopmed dn AGFsiRgE \sfeEPBOYin a spaced
portions 141 OA and 14108 (collectively portions
apay relationsitp.a The AP mortiinki t306 May e ARSI a8 fscribed above. A
integrated circuit structure 1400 is cut into sections

Maidlipa gnaterial 6308 undyi beessei ostproesssRigeor e AGH Sortions 1306 may
integrated circuits, which can be packaged in a

berpsriarmed matteas polishingtor ctaVedpst® HERES b bR BOME suﬁgc .
[0147] In FIG 36B, the silicon wafer 1404 may I nc ude
onel0343tror A lgtasd 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 aliow 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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pads 1420. Cutting of the layer 1408 at 1414-1 and
1414-2 may be offset fromthe cutting of the silicon
waf er at 1414-3 to provide clearance for attaching
bondwi res (not shown) to the bond pads 1420. In FIG
36C, one of the integrated circuits 1450 is shown
after being separated fromthe integrated circuit
tructure 1400. [0148] Referring now to FIGs. 37A-37B,
1354 Inrt SpReRbEPRE e R kAGE © DS PIRIS G 212 be dgied as
wafer with spaced anneal e | ass paste and/ or epoxy
deSGHRchAROE 1 6 GSRRIOCRIVAS e cRPRUPARaNe 230Gy b performed
conductive material 1456 are shown. In FIG 37A the _
suGBAasi RAIShE 175 oiher SieppiaiPioNtds & PEGAE autgepurfacsy A glass or silicon
contains the conductive material 1456. The silicon
laygsr £3101i808uPRAIte® cabgve dae Silisag walRe 1304 hythe @poxy megions 1342.
1462 and may include bond pads 1460 as shown. [0149]
Eney & iy sivg tinding Isatedalapay bf usedde lediach $unglass or silicon
fabricating the integrated circuit packagi ng of FIGs.
layer 433900dhe eppsywortionat 13gR. bEs pertipns 48eH and30e layen 1310 form
step 1504, a gl ass paste layer 1206 is applied to one
anoir gap 4324 abavean oscillathe 1320 irclol®. \#d Ceandi@Gahyanthiéncircuit 1322 in
sel ect areas of the silicon wafer 1204. In step 1506,
FiGhé4gl ass paste | ayer 1204 is anneal ed by placing the
silicon wafer 1204 and the glass paste layer 1204 in
an @V&4h] ThBRefesrmermawr to dflGshe39A-86B meafteleats eintégrated  circuit
tenperature that is sufficient to cure the glass paste
pachgges ar2showrchakinalopk e glass besifiematantien thiat arcatesdart@0 gap. In
C for a predeternmined period is sufficient to anneal
FIGh&5A |ams intégratedpeiriuét pdukiage rnthe 1BB0BIgEINges e “CidHaped glass or
waf er 1204. In step 1508, the conductive materi al
silicayigrortlchl 2383 trap plefiess ba dihgamndssl e gCasshpssd Glass or silicon
| ayer 1204. In step 1510, all or part of the silicon
portidren 382 Gray nokiizafRitipld) sactiHstihag arRidfddRtogb®®t. FRe air gap
such as plastic, other materials described herein,
1384d$ twcatddaboviliat abtivatoPl 3209In P, 85Bak# intb§ratdBircuit package
1520, control ends.

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 portians 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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[0150] In each of the foregoing enbodi nents, the
silicon wafer may be replaced by other wafers or
ot her substrates and the anneal ed gl ass paste can be
replaced by epoxy. [0151] A number of enbodinents of
the invention have been described. Nevertheless, it
w || be understood that various nodifications may be

nmadgoMrhoutin FIEP36BI ik §ili€oh Wakerstio4 magnAcla&§&”fe Yr more bond
the invention. Accordingly, other enbodiiments are

patdst 1420t @ﬁﬁ'ﬁ“go&eth’%‘;la?é‘ﬁ 468 beve w1 Ghii ﬁ‘ﬂ%?rggt(k%&f’fset from the

WSE dains: 1. Integrated circult
kS [ f A A ass ste .
oIS P S 8 RO R s
X |.di ri enca ates at . |
(n&ﬁé@éwrﬁ&hgfb@g%%m evaﬁlg]g%?%io&e@% érg,tgg[atfc(fj chuxts 1450
. erein said AGP | r is locate et ween sai d nol di ng
's AP WPialier BRinocgparated fiora ihe niposatedigro st A400.
claim 1 wherein said AG? | ayer is arranged on at
| eadP198k siRpfewingsapY focFifaseB7AR7B han | ictqgmetedgeiraft package
claim 1l wherein said AGP |ayer is arranged on 15 a
1490uingludes & siticen ovafer awitaspaneadt anressied @lasssipdsteofand/or epoxy
said | C wafer. 4. The | C package of claiml further
poctions 1410dhat haveebeer caatedowilbict layer whicendattiviehabtdrial 1456' are
arranged on a portion of said AGP | ayer.
shown. In FIG. 37A, the portions 1410 are dipped into a container 1454 that
contains the conductive material 1456. The silicon wafer 1408 may be diced along
one or more cutlines 1462 and may include bond pads 1460 as shown.

[0149] Referring now to FIG. 38, steps of a method 1500 for fabricating the
integrated circuit packaging of FIGs. 32A-33D are shown. Control begins in step
1302. 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 15086,
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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20 5. The |1 C package of claim1, wherein said I C wafer
conprises a circuit conponent arranged in said IC
waf er, wherein said AGP |l ayer is arranged between
said-circuit conponent and said nolding material. 6.
The |1 C package of claim5 wherein said circuit
conponent 25 conprises at | east one of an oscillator
and an inductor. 7. The | C package of claim6 wherein
said i nductor conprises a spiral inductor. 30 58

such L&Y RIa8LSE ofher ThatdrialisP aekabRdOherelr dRdlobieeishitaBie dmolding
AGP layer conprises a glass frit. 5 9. The |IC package

mat@fials! M Slep 126! 8brtrctdh@s AGP | ayer is arranged
adj acent to said I C wafer using one of a screen

g{gﬂrﬁ 9, Q&Erﬂ%fWfd@%&h?%mbé&meﬁﬁetﬂ@smé&r\‘%?erohay be

wherein said conductive material 10 conpri ses

repBBF B bRy B SRR ST PR e B P E prste can e

I id conductive material is arranged on said
replg%@ﬁg%é?ﬁgy di ppi ng said I C package in a container

Cor[‘(t)'ﬂ";ﬁi ngASrﬂ:jnqbecro&déf%Bé)a’i%egPst &f {h%l i‘nvér%ion have been described.

Nevertheless, it will be understood that various modifications may be made without
departing from the spirit and scope of the invention. Accordingly, other embodiments

are within the scope of the following claims.
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Claims:
1. An integrated circuit (IC) package, comprising:
an IC wafer,;

an annealed glass paste (AGP) layer that is arranged adjacent to
said IC wafer; and

a molding material that encapsulates at least part of said |C wafer

and said AGP layer, wherein said AGP layer is located between said molding

material and said |IC wafer.

2. The IC package of claim 1 wherein said AGP layer is arranged on
at least one side of said IC wafer.

3. The IC package of claim 1 wherein said AGP layer is arranged on

a plurality of disjoint areas on at least one side of said IC wafer.

4. The IC package of claim 1 further comprising a layer of a

conductive material that is arranged on a portion of said AGP layer.
5. The IC package of claim 1, wherein said IC wafer comprises a
circuit component arranged in said IC wafer, wherein said AGP layer is

arranged between said circuit component and said molding material.

6. The IC package of claim 5 wherein said circuit component

comprises at least one of an oscillator and an inductor.

7. The IC package of claim 6 wherein said inductor comprises a

spiral inductor.
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8. The IC package of claim 1 wherein said AGP layer comprises a
glass frit.
9. The IC package of claim 1 wherein said AGP layer is arranged

adjacent to said IC wafer using one of a screen printing, dipping and masking.

10.  The IC package of claim 4 wherein said conductive material

comprises one of a conductive epoxy and a conductive epoxy paint.
11.  The IC package of claim 4 wherein said layer of said conductive

material is arranged on said AGP layer by dipping said |C package in a

container containing said conductive material.
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