e I N R B B B I B IS I A
*159159* | NTE T I NCLUDI NG SI LI CON WAFER

W TH ANNEALE%&W% CROSS- REFERENCE TO RELATED
APPLI CATI ONS pplication clains the

benefit of U S. Provi¥l onal Appl ication Nos.

60/ 714,454, filed on Ejp 2005, 60/ 756, 828
6

fi| ed INAESHRAEED GIRGID INCleMB"%@/Sﬂb@@Né/VAFﬁ%HVIJH
Qct ober 27, 2005, ANMNEALED GIASSPASHR- i n- part of
U. S Patent Application Serial No. 10/892,709, filed

U's Pt GRS EERAENCEIS REETERRHAGEATIONE | o

on Cctober 15, 2002, the contents of which are hereby
i i000pbr at Ehls tgppiiea’mrenwns rthet benefit @ft W /SetRrovisional Application
TECHNI CAL FI ELD [0002] This invention relates to

Nosi. BOAUI4o4 54 fitéd oni Septembeér 180120052 60/766),828 filedaon January 6, 2008,
integrated circuits with anneal ed gl ass paste arranged

and%bﬂS@'dGBC%&@‘neOctob%ﬁW@@ ard3la Borption- m part of U.S.
frequency references are required in nany types of

PR  100 M L, TSy o o
conﬁﬁigtlg}no o (dg? @ e&,a SI on fre @flégtl\ﬁ{e 8&% itﬁ filed on

OSC|IIators have sever al |nherent dlsadvantages

October 18 2002 athgecontekts of whictt migjiterely, invotparatgd bysteference in
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TECHNICAL FIELD
[0002]  This invention relates to integrated circuits, and more particularly to

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

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

increases, the size decreases, and the cost and fragility may rapidly increase. As
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1 ~1l~~~~CHIHIITHITIHIH ~~~~~ 1~ *000002* the size
of el ectronic devices continues to decrease, the use
of crystal oscillators beconmes nore problematic due
to the size, fragility, and cost limtations. [0004]
Sem conductor oscillators have been a poor alternative
to crystal oscillators and are generally unsuitable
the fsize ofseleatronicpdemidées cantinussutndgcreate; thec ase dfecrystal oscillators
excessive variation in the oscillating frequency,

becemeeMare! problehtatithidRsthiesize, FraRfl ity tdtidecosPliitationF
THE | NVENTI ON [ 0005] An integrated circuit (I1CQ
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AGP | ayer. The AGP | ayer |s arranged on at | east one
dues‘ionXQﬂsS'VPh‘éaﬂa(tloﬂa'ﬂeﬂ"e osellatiog fraguencys espesialiy avitnchanges in

plurality of disjoint areas on at |east one side of
tempaeature. waf er. A | ayer of a conductive material that is

arranged on a portion of the AGP |ayer. [0007] In

other features, the I1C wafer conprises a circuit _
conmponent arranged in the IC wafer. The AGP | ayer is

arranged betweeng Um(lelﬁ'RVYCé'Ft SEMRYRRKPFoNNd t he

nol di ng materi al . Cl rCUI corrponent corrprl ses at
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arranged adjacent to the IC wafer using one of a

Scnogg& In" other features, a molding material encapsulates at least part of
the IC wafer and the AGP layer. The AGP layer is arranged on at least one side of
the IC wafer. The AGP layer is arranged on a plurality of disjoint areas on at least
one side of the IC wafer. A layer of a conductive material that is arranged on a
portion of the AGP layer.

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

frit. The AGP layer is arranged adjacent to the IC wafer using one of a screen

printing, dipping and masking.



printing, dipping and masking. 2 [0008] In other

features, the conductive material conprises one of a
conductive epoxy and a conductive epoxy paint. The

| ayer of the conductive material is arranged on the

AGP | ayer by dipping the I C package in a container
containing the conductive material. [0009] An

i nNf08@BHt edinciothmari featarasy ithe sconduptiver ataterial seorapriséshaine of a
senses a tenperature of the integrated circuit. A

contiBetivey epBsy!| ghds 20 cofddative 69b§*';5kﬁntt 0 qua*érabprthe conductive
calibrations and sel ects one of the oscil
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matgfial | Birpied T e éﬁgﬁer& reby dipting 3HEE bEHGRE 4 container
aving a frequenc phase | ocked | oop nodul e

°°"F%@P93%%°8"%‘8H8&E§tﬁ abp havi ng a feedback | oop

paranet er and selectively adjusts the feedback Ioog

pal0fR8] er Aadrtagrated iscui @0@@0@@3 ariemperatiee seasarithabsenses a

calibrations. [0010] In other features, the phase
temperateng bt dipe riotégrated ocipouits e A merhoaﬂ:mamm stdrasedata relating to

| ocked | oop and the feedback | oop paraneter is a ratio

oscilitor catibtations dritt belectsToge Of Aké 'd%@mhtd?*‘c'a‘hﬁrétmkeék Bd0RAction of
conpri ses a phase frequency detector nodule

the SBRSBHYERD &ﬁtd’?’é I)ﬁer X IRRGE mbaky n%éﬁpri{ees ERL ellem% 31gnal having a

recel VES. nce fre ue arge

with, the et.ecto
frec Bt A TRERE b EB Botiman e iUl s st S 5055 Vot
communi cates w th the char P r@@rmdul e and
loop; pREABgtes and srlegtively a@mﬁ@nﬂw gedbagkileep pammeter based on the
communi cates with the voltage controlled oscillator
selagtar ore ofithe vscillsterealibratipnsncy det ect or nodul e,
sel ectively adjusts the output frequency based on

fi[[0810RNd Ipeotived femturesdhé apliases locked #sbp!shedder 8drmprises a
of the first and second scaling factors based on

fractional phase locked loop and the feedback loop parameter is a ratio of a scaling

factor. The fractional phase locked loop comprises a phase frequency detector
modﬁle that communicates With the oscillator module and that receives the
reference frequency. A charge pump module communicates with the phase
frequency detector module. A voltage controlled oscillator module communicates
with the charge pump module and generates an output frequency. A scaling module
communicates with the voltage controlled oscillator module and the phase frequency
detector module, selectively adjusts the output frequency based on first and second
scaling factors, and adjusts a ratio of the first and second scaling factors based on

the selected one of the oscillator calibrations.



the selected one of the oscillator calibrations. 3

[0011] In other features, the first and second scaling
factors are divisors equal to Nand N + 1, and

wherein Nis an integer greater than zero. The phase

| ocked | oop nodul e conprises a Sigma Delta fractiona

phase | ocked | oop nodule and the feedback | oop

paltd¥dier Imetheddeatnrenitheifirat and second iscgling Factors are divisors
The Sigma Delta fractional phase | ocked | oop nodul e

equabtpN ard N +phaard wtesteienNyis steimeger ?r@tbr' thahBro. The phase
conmmuni cates with the oscill ator nodul e and t hat

locKe®iC
KB NSRBI e

and%%dépé?%%%ﬁ&%&énﬁ Hgﬁgdee%smggufﬁstgul gn%cqllﬂgtdlwsor. The
SiganRenn adonal pheps doGHRY ot COvMiie) GEPsRS Bl Bbeve frequency
modul e and the phase frequency detector nodul e and

detepepiodula thagicommasnicates wvitipthe oscitaienmpdule and dhataedeives the
second scaling factors. A Sigma Delta nodul at or

refesefces tfeequedoy at i A rcharge hpumpamatule ngshimanizates agith the phase
first and second scaling factors based on the sel ected

freq%éﬁc?fdetééisr ARgdule. 2t voltahé Riohtrones osEﬂﬁ orl ﬁ\ﬁ&ﬂ%ngodnmumcates

second scaling factors are divisors eq ua

012
wit"the hSE8 Bl 46 9u'§f)%%°?.*%%§$*°ﬁéts%“$ﬂPéfbyiaéq?ﬂgnﬁk & scaling
moci@wserﬁﬁ'aﬁ teB LGS Vljade contplied, GeRfads Hedilp  andine phase
calibrations and for selecting one of the oscillator

frequgney, detectorsmadulesand, ﬁeleictjvelwfdlvmes thenoulput Hleguency by first and

Gscillating nmeans generates a reference signal having
secend seglinghfactiras Al SigmaHRelts oiddutetor adjasisbmetiulation of the scaling
Phase | ocked | oop neans, that includes a feedback
module hetweem the flfs_i%iﬂa%cdrﬂoﬁcﬂﬁhgmé ba866 & théesdlected one of
the oscillator calibrations. The first and second scaling factors are divisors equal to
N and N +1, where N is an integer greater than zero.

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

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

calibrations.



adj usts the feedback | oop paraneter based on the

sel ected one of the oscillator <calibrations. 4 [0013]

In other features, the phase |ocked | oop neans

conprises a fractional phase |ocked | oop and the

feedback | oop paraneter is a ratio of a scaling

factor. The fractional phase | ocked | oop conprises

phig9d 3] r eqine therdteatates; theeahase tlbeked doopnmeainescomprises a
with the oscillating neans, for receiving the

fractiGh&lr ghise lotkebieRpcand ﬂ@f@%bﬁé%dﬁﬁﬂ@nﬁéﬁ@é ¢4tio of a scaling
vol tage and communi cates with the ase frequency

te r a n I I
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es_an output . uenc) Scal i ng _nmeans,

meliildl COTOUIIAtRS (it Paaéamtrwﬁ 30 456 286aving dhe reference
nmeans and the phase frequency detector neans,

frequeney.t | GhargeaBUD: Means generatest veltags @pdbeemmunicates with the
first and second scaling factors and adjusts a ratio

phasé frequénc)stdatectos emmadsscaVohage f earttmiledbaseillaton neans, that
sel ected one of the oscillator calibrations. [0014] In

confhifitafegaiwithe the tdMarge fﬁﬁmpn fhesme0 ngerietaldsnant aatput Sfrequency.
are divisors equal to Nand N + 1, and wherein Nis

Scaﬁﬂg'rﬂéf&e th&t &hinl gfc'%?é‘s @'ﬁ %he U&ﬂa?@ Loh rollﬁcg éﬁ&,l&tﬁﬁ l?ndeans and

ns conpri ses ta frac |ona
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fractional phase | ocked | gop conprises phase frequency
on fist a4 @pcmcgﬁgalmgrfa@tor% aRFhadlusts Bgatip o the, Brss ad Sasond scaling
means, for receiving the reference frequency. Charge
factpcmbasm theesalected one afthe ageillatod cabibrations.at es wi t h
t he phase frequency detector neans. Voltage

cofooid] | edinosthiet fedtaresyens First &vd seoondl caiic factvtst dre divisors
the charge punp neans, generates an output frequency.

equaf & NEndBanst, él'i@‘%lvherem N is an integer greater than zero. The phase

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

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




communi cates with the voltage controlled oscillator

nmeans and the phase frequency detector neans,

sel ectively divides the output frequency by first and

second scaling factors. Sigma Delta nodul ati ng neans

adj usts nodul ati on of the scaling neans 5 between the

first and secqond scaling factors based on the sel ected
between the ?H%t apecseqondoscaling dersoRasedan the selegtgd one of the

second scaling factors are divisors equal to N and N
oscillator walibratinnss The first ape rsegopdtssaling factoes are [dddsdss efual to N

nmet hod for operating an integrated circuit conprises
andrd| where Ntis mpdnteiger grezftert thanizgregr at ed circuit;

storing data relating to oscillator calibrations;

Sg0045] N9 Aetod! P cg)'iﬁéﬁ taf"]'rm réféﬁaéll'&f‘lsc@rﬁpﬁses sensing a

function of the sense erat ur generati ng

A e —

edback op net r of a phase | gcked | oop based
se 'eﬁﬁng P@es%ﬂ Berespilgier eallbrafionssss Al nGHOR of the sensa: temperature;
[0016] In other features, the phase |ocked | oop
geneatipei eeeferenget signal hqzmngeal draquencyopased ohethe oscillator
feedback | oop paraneter is a ratio of a scaling

califratibns;. andTeelepthasiy aHjmsﬁnP d feeidbackisos Péra?méibg BRalpHse locked
fracti onal phase | ocked loop and the teedback | oop

loodoﬁés@@ér?fhé Mééﬁﬁ%ﬂ?&ﬂhé‘ds@ﬂaﬁr cAliSfioh8g di vi sor.
017] Ci

An |nt egrate rcult package conprises an
c [ 0 erature
TS o, 1 55 fidifen o racten
nodul e stores data rel atj ng
phage Jddked; '899@%# ok IR0 AT ametal ieca GRS oh@ sealing factor
osci | | at or caI i brations as a function of the sensed
TheRhaser lacked loom cerprisesopigma dlalia faetinnal phase locked loop and
ref erence signal having a frequency that is based on
the feedback loopt paracretenincludes asadulatidroof a stalimgedivisos. A
packagi ng material encases at | east
[0017]  An integrated circuit package comprises an integrated circuit that
comprises a temperature sensor that senses a temperature of the integrated circuit.
A memory module stores data relating to oscillator calibrations and that selects one
of the oscillator calibrations as a function of the sensed temperature. An oscillator
module generates a reference signal having a frequency that is based on the
selected one of the oscillator calibrations. A packaging material encases at least
part of the integrated circuit and has a low dielectric loss.
[0018] In other features, the packaging material includes at least one

material selected from a group consisting of polychlorotriflucroethylene, fluorinated




part of the integrated circuit and has a | ow

dielectric loss. [0018] In other features, the

packagi ng material includes at | east one naterial

selected froma group consisting of

pol ychl orotrifluoroethyl ene, fluorinated 6 ethylene

propyl ene copol yner, perfluoroal koxy, and a cop olty

ethmnemyméﬂee £epolyraer; periuarealkeyy.caed arseppiyieagfnethylene and

material includes a |low dielectric |oss plastic.
tetrafi@re¢thplenienTbg paickaging meatetiapinckieige aclowdieleetricaoss plastic.

integrated circuit that conprises an oscillator

nojdene] t hain gﬁtegﬁ'élbdscnﬂ:uiteéé’é@@@ec&hﬂﬂ@és Eﬁ\’ihféﬂ;ré'ted circuit that

frequency that is based on one of a plurality of
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gnperature sensor that senses a tenperature of the
matPH@'e%nC@ﬁéa a¢ jaast part of the integrategheircuit @rcbhas atlow dielectric loss.
oscillator calibration settings. The packagi ng
mef0820h! ilnclathers faaturésathe oirdegmated i eircuite!farthed dorprises a
a group consisting of polychlorotrifluoroethyl ene,

températirenséresbr ahity S@sespa Wbéf’eﬂufe‘)@pihﬁéwﬁfeqrated curcuut A memory
perfluoroalkoxy, and a copol yner of ethyl ene and

moc? rb#?ﬁé’%@il{é@gggh%r? oR3de gﬁ@kﬁéka@%ﬂﬂtéﬁﬁﬁn&udes at

ectric sticC.
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i.ntegrated circuit in a packaging material that has a
fluofingted ryquq Prepdaene capolyigen pefigeraaliaxy, @nd g copolymer of

integrated circuit during operation; storing data
ethylenesend detrafierorthyiane. Thei packagngsmateriab indludes adouf dielectric

the oscillator calibrations as a function of the
lossqastid t enperature; and generating a reference signal

having a frequency that is based on the sel ected one

of[00R¢] A method for providing an integrated circuit package comprises
providing an integrated circuit; encasing the integrated circuit in a packaging material
that has a low dielectric loss; sensing a temperature of the integrated circuit during
operation; storing data relating to oscillator calibrations; selecting one of the
oscillator calibrations as a function of the sensed temperature; and generating a
reference signal having a frequency that is based on the selected one of the
oscillator calibrations.

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

material selected from a group consisting of polychlorotrifluoroethylene, fluorinated




oscillator calibrations. [0022] In other features, the
packagi ng material includes at |east one naterial
selected froma group consisting of
pol ychl orotrifl uoroethylene, fluorinated 7 ethylene
propyl ene copol yner, periluoroal koxy, and a copol yner
of ethylene and tetrafluoroethylene. The packagi ng
ethilener propylenel cepslymer, operfiueraatkaxyc andsa geipatyrmer. of ethylene and
[0023] A nethod for providing an integrated circuit

tetraflotraethytergr The packaging dateriarincloteg adowdlisieteitilbss plastic.
sel ecting one of a plurality of oscillator calibration

Se[002B8]S;: BCRRItAGH TBr DroGlR Bﬁelnfégiﬁgﬂdt EF?(YLh %aﬁraqe comprises

frequency that is based on t e one ura
pr&d@%ﬁi@ BthieE LR LR bhP Ry ﬁ“&ﬁﬁ&?é‘fﬂﬁ&@gﬁ cglibration

.ow dielectric | 0024 In other features,
3 preAng §é§f%§%ﬂ%ﬁl 3974l hevips aurequsnsy theks based on the one
I nt egr at ed circuit; and selecting the one of the
of thenlunality,of gsclaten calibratinrasettings:iand ercasingthe intagratedrircuit in
the sensed tenperature. The packagi ng nmateri al

a packdginkg snaterialdhat hasoa towdisdedtet lossl ect ed from a group
consi sting of polychlorotrifluoroethylene,

f | poo24)at eth etiurl fearires, apk! ﬁ.emdaomh A%ds Fensmg a temperature of
perfluoroal koxy, and a copol yner of ethy ene an

thet |ﬁfé§i‘§ieﬁoélF&ﬁ YA Sledt ki Galif) of | oF cBlibration
wdlelectrl ?oss p ?fé: ?dﬁ%g An tg

tﬁ AR R P shetly HoElingsi io%ﬁmes atoas

enperature of the integrat ed circuit. Storing means
O"%t waterial aselectedafions 8o gsaup | censistingalaf b palycblerotrifidoroethylene,
for selecting one of the oscillator calibrations as a
fludrinated @thylene hpropylesed copolyaten; peeludbsalkbkyt ang a nespulymer of
generates a reference signal having a frequency that
ethylenbaaradi tetraflubsoethylene. The packaging material includes a low dielectric
loss plastic.

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

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

material selected from a group consisting of polychlorotrifluoroethylene, fiuorinated



sel ected one of the oscillator calibrations. Packaging

nmeans encases at least part of the integrated circuit

and having a low dielectric loss. [0026] In other

features, the packagi ng neans includes at |east one

material selected froma group consisting of

ol ychl orotrifluaroethylene, fluorinated 8 ethylene

ethgmﬁyp@ﬁ¥le@§ngW§r»pB?'ﬂHQB?QU@QWo)@ﬁ,d arkenelyogiopl ethylene and

of ethylene and tetrafluoroethylene. The packagi ng
tetrafinoroethydénal e Tha packaging Ineans includes adbasdielectriclo8s plastic.

An integrated circuit package conprises an integrated

ci eo27] t hain intégratdd efrcdt patkadd RomiprRes drPinte rated circuit that

generating a reference signal having a frequenc%/ t hat

s O | ' f ' 3 .
corh e il fyenecioP deRratin 2 reBho MidHal having a frequency

nCasi t | east rt..of .the inteqgrated circuit an .

thaf i BSOS of o< L e BRI of BiafisBuptations, duitings 8K packaging

features, the integrated circuit further conprises . .
megaps i eRGasing ahlgast Pag aidhe dntegeated sijcuit apchhaving @ dowdielectric

the integrated circuit. Storing neans stores
losesci | | ator calibration data. The packagi ng neans

includes at |east one material selected froma group

cofe028]i NgIref oftfdry ClekfIres,r | fleloeRirBdddeNGircuit further comprises
fluorinated ethyl ene propyl ene copol yner,

tenﬂfé’réfurf’ réé’ﬂslf@% Ynedhyd fq’rh Sé’&scihg "B lefberdthAY !oﬁgﬁggi@geggated circuit.

tetrafl uoroethyl ene. e packagi ng' neans i
I ' ] I pl.asti.c. 02 An integrated .

st b EE G4 ookl Ref Bt 882t Babhbaith it mchudes
conprises .a te rature sensor that, senses a ,

leagicBe msieral spICiRd fTATLa: GOUR CaNSRIng ORBlyahieEstgAyoroethylene,
nmodul e that stores oscillator calibrations and that

fluosinated ethylenef propylenes copolymer, perfiusraalkoxys asdaa copolymer of
function of the sensed tenperature. An oscill ator-

ethyiedel and tetrafluoroethylene. The packaging means includes a low dielectric

loss plastic.

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

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

integrated circuit.



generates a reference signal having a frequency that
is based on the selected one of the oscillator
calibrations. An epoxy |ayer adheres a glass |layer to
the integrated circuit. A packaging material encases
at | east part of the glass |ayer and the integrated
circuit. 9 [0030] In other features, the glass |ayer
i s [PB3Ck ed Incathier featdresc dhe glass fayeriisriocatedt between adjacent to
integrated circuit that include the oscillator nodule.

poftioas axfcthel integratedodirdult that linclade dhe ascillatdr modurt OThe oscillator
and wherein the glass layer is |ocated adjacent to

deRle ineile’fart BA-ch | WGy ' .
" on-chip i ndauct or . mTﬁ'gbgf"Z?é’a I \g@/éevreﬁn fﬂﬁlgggié ){f‘i‘i%{/qcﬁ/ed adjacent

to paflont T AEinfbrdley R NELE: DrecielRiletbr. e oless layer

inc e 180 B3 B et Rt cceat o potions
the cavity i s adjacent to potions of the integrated

of theripigorated ﬂrcuﬁéﬂ\a}d@cluﬂe theloseibatop madue. oSbe Iglasssdayer includes a

nodul e. [0031] An integrated circuit package conprises

cavity that defines @ncair gapt and athereinnhiel s@tyt ieradjageéntte potions of the
sensing neans for sensing a tenperature of the

integraR@l clicedt that ihelde aMiAdgéter bf‘%e;‘@f’dﬂ%té%oﬁbfér I ng

oscillator calibrations and for selecting one of the

0S¢ t or ' ' t f the.sensed, . .

CEYOR31) o A HBURIAE Rho pReldOE oo 4 pEBGAHL rout

' Vi a frequency that is based on the i
coripfige 1t eratsP SerBHE RNt o goRwRA tempealiTeidhe integrated
. Means a{taches a glass |ayer to the integrated

cirqutt and ﬁ.omm@gnﬁgohﬁmgmm@r ealibrations pad fonselebting one of

glass layer and the integrated circuit. [0032] In
theopaeiflatpe palibeationshas ¢ denctiomy of the sersatieterapératas! Gicillating

portions of the integrated circuit that include the
means i gererateg oeraferentbesignal lhavingna fegléncy that is based on the
selected one of the oscillating means calibrations. Means attaches a olass layer to
the integrated circuit. Packaging means encases at least part of the glass layer and
the integrated circuit.

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

includes a cavity that defines an air gap and wherein the cavity is adjacent to potions

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

10



i ncl udes an on-chip inductor and wherein the gl ass
| ayer is |ocated adjacent to portions of the
integrated circuit that include on-chip inductor. The
gl ass 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 neans.
a candy %ts@eﬂr@pean Rifgapuard wiereincthei cavity lisiadjient &s petions of the
air gap and wherein the cavity is adjacent to potions
integrateteeirduitt thgt iatkdecdr mduttor lbfithd 6§d:rll{=ﬁﬁ1 ebﬁ@'UCt or of
the oscillating neans. [0033] A nethod provi di ng

an [0083P" atAe néthba Uiok F%Grt’ig%e a?rofmédaé"m% cﬁﬁﬁ‘ﬁ'dlﬂzkﬁge comprises

tenperature of an integrat cl rcui St or

ol 4 Ao 8| 37 e B0 o o, ot catrsons
selpGRERAR I e 45083 ellbisfiond s & Tuastin ehipe sansedemperaturs

oscillator calibrations; and attaching a glass |ayer
generating a; efergnee signal hgurng a fnequency thatrig) based eastheseié¢cted one
of the glass layer and the integrated circuit in a

of thadsaillatar caiibtations| and @@tadhingra glaBsayerad *ﬂh@ﬁrtegﬁé?ed crrcurt and
met hod includes |ocating the gl ass | ayer adjacen

endaeirg ansest pdieof Mee%ra%’s %ﬁH'ﬁretrH%r e éi es | rPackagrng

oscillator nodul e I"at or e I'nc
mafthizghi p i nduct or and further conprising locati ng t he
gI ass layer adjacent to portions of the integrated

A ) VR S e e o e

fur er cQ |ng | ocating the cavity adjacent to
adrwn BﬁsPQSFO fh@ thet iatagsated eirouit that m&rc}/ethel oshillatbemodule. The

oscillator. The glass |ayer includes a cavity that
oscijlatormedale inaudpspan rah-thiptinductor @mar fustheg obﬁﬁﬂtsirfgﬂ locating the

the cavity adjacent to potions of the integrated
glass layer adjaeent to pertiods ofithe iMteLTERId EifcuittRaCinelude®rEhip inductor.
The glass layer includes a cavity that defines an air gap and further comprising
locating the cavity adjacent to potions of the integrated circuit that include the
oscillator. The glass layer includes a cavity that defines an air gap and further
comprising locating the cavity adjacent to potions of the integrated circuit that
include an inductor of the oscillator.

[0035]  An integrated circuit (IC) package comprises an IC wafer. A first

portion is arranged adjacent to the IC wafer. A second portion is arranged adjacent

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

comprise at least one of annealed glass paste (AGP) and epoxy. A layer is
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Cwafer. Afirst portion is arranged adjacent to the

C wafer. A second portion is arranged adjacent: to

the 1C wafer and is spaced fromthe first portion. The

first and second portions conprise at |east one of

anne | ed ste (AGP) and epoxy. A layer is 11
arrar'ga C%@? Tiest andesegangt portians @adrereptest an@ér gaplbetween

creat es an air gap between the layer, the first and
theslayer; dhe first and sesond poetidns aved the. I WERSG] | n ot her

features, the IC wafer conprises a silicon wafer. A

nol[0036) NHh Other feaNrEH IHE AC AFafal cérﬂﬁﬁ&eé’ﬁréillc% \J/Jf@r | K molding
wafer, the layer and the first and second port

maT&@al'é‘%ﬁPstﬂSfH&rétslééstyaﬂ 6Fthk I&r\ﬁa%f' tgéi%ger{aan} ﬁﬁﬁfg {%4hd second

conducti ve IS arrange

t i 0 e Si I wa :
polihS: | 108 558 BoF cieahf bt EBoun aican ayeancucte
a? %\een the cirguit conponent, the Ia er and the
maierial is arranged,adiagent o the firsieand second portianseniThe silicon wafer
conpri ses at |east one of an oscillator and an
COMPESRS ¢ .Circkit coriponent. cofye iaiegap is mErarigedndetiesn the circuit
[0037] In other features, the first and second

compohentythe dayer a8d dheSfirsf . secomd f)bl‘t%hsan%ﬁeéif&”uﬂ cqmponent
portions are applied to the silicon wafer using one ?

g
cogRESS B ot o) X LY AOCLTSRAIA. THE sy compries

; Wlﬁ(ﬂd conducti ve epoxy paint. The conductive
SP'ﬁagte” i's appl ied to the first and second portions

[0035] An integrated circuit (1C) package conprises an
|
I

ﬁg [ ng ast part of the |C package in a
ool fﬁﬁﬁﬁ"%e edirat.and secend Portions qomprise glass frit.
% yer has a f| rst wwdth that is less than a second
The\figgtansk seqpadsportions a\v@aeplledrtcethecsmmewammmgs ese of a screen
_bond pads. The layer has a first width that is Iess
printingy dippingoaddwiriisking. t The stonduntiveairiterdl dcomptises one of a
conductive epoxy and conductive epoxy paint. The conductive material is applied to
the first and second portions by dipping the at least part of the IC package in a
container containing the conductive material. The layer has a first width that is less
than a second width of the silicon wafer. The IC wafer comprises bond pads. The
layer has a first width that is less than a second width of the silicon wafer and further
comprising bond pads that are located in an outer region of the silicon wafer.
[0038] A method of providing an integrated circuit (IC) package, comprises
providing an IC wafer; arranging a first portion adjacent to the IC wafer; arranging a

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

the first and second portions comprise at least one of annealed glass paste (AGP)

12



conprising bond pads that are located in an outer
region of the silicon wafer. [0038] A nethod of
providing an integrated circuit (I1C) package,
conprises providing an 1C wafer; arranging a first
portion adjacent to the I1C wafer; arranging a second
portion adjacent to the |IC wafer and spaced fromthe
and iepoxy;and awanginger iyer adjasent tostheafist sod metopd mortions, wherein
conprise at |east one of anneal ed gl ass paste (AGP)

thellayancreatesxan arghpabetveentbe dayerythe fivdt and second pbeions and the
first and second portions, wherein the |ayer creates

IC dafaer r gap between the |ayer, the first and second
portions and the [IC wafer. [0039] In other features,

h??ﬁ@w-af B OGP ot it 5 9 sBbrorpef 'cpﬁSWP@r The

the | ayer an ] rst and second porti
ol fustper i epsulioact 167t Rart o h94Caiaosithp daver and the
The met hod further includes arranging a conductive
firstand seeencippdions: The layer samprisesat lesstoaneiofglass and silicon. The
The nmethod further includes arranging the air gap

melttaidvilgtherhincludes carrdngingrzo senductiveematetizl sdjacdriteto the first and
first and second portions. The circuit conponent

seédmpbbﬁiaﬁsatl'hbeﬁrélhdmﬁlrﬂferqncl%éé'érﬁérﬁb’m%‘r’lﬂe r gap between the
i nductor. The nethod further includes the | ndultor

oSSR yp 4 e AR FBRERS. o i

d

co¢1ﬁ§A§n | mﬁ% B I435F Ao 20rose B8 8RI N ndlRipr: The method

r@@ ng and maski ng The conductive materi al

ﬁﬁW'%@s dhe 'Bdutétomﬁmp,ftsesea e§nisa) inddctos onthe tfirsteand second

epoxy paint. The layer has a first width that is |ess
portibas corsprisenglassdfrit.  The trhethed! further vie€lades &pplying Ithe first and

further includes providing bond pads on the IC wafer
seddhdapoRidhsrtor @ Sificon WaTer YisingCeRe V&t &'screen printing, dipping and
masking. The conductive material comprises one of a conductive epoxy and
conductive epoxy paint. The layer has a first width that is less than a second width
of the silicon wafer. The method further includes providing bond pads on the IC
wafer in an outer region of the siiicon wafer.

[0040] An integrated circuit (IC) package comprises an IC wafer
comprising a circuit and a “C’-shaped layer that is arranged adjacent to the
substrate and that creates an air gap between the “C"-shaped layer and the circuit of
the 1C wafer.

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

of the IC wafer and the “C"-shaped layer. The “C"-shaped layer comprises at least
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[0040]- An integrated circuit (1C) package conprises
an 1 C wafer conprising a circuit and a "C'-shaped
| ayer that is arranged adjacent to the substrate and
that creates an air gap between the "C'-shaped | ayer
and the circuit of the IC wafer. [0041] In other
features, a nolding nmaterial that encapsul ates at
on¢ exfsglagarand silicone MBeweifeuit @othpdment Congrspsdat east .one of an
The "C'-shaped | ayer conprises at |east 13 one of

oselistes and dndhducton. TS ductoruddm o Spifal GedUtoses at
| east one of an oscillator and an i nductor. The

fomday, Coro g BoARCHE GBS IR 19 paiage

providing an 1ntegra package

' . vidi | C wafer conpri.sing a circuit,.,
oS3 PRAFRG 4" 1C W aRs sopbrslie A G aRY o' a "Cshaped
substrate, wherein the "C'-shaped | ayer creates an air
laygr, adjagenfide the rubstrate; hubergin éﬁ@r Qmﬁapﬁ@ layercereatest an air gap
the 1C wafer. [0043] In other features, the nethod
betweentbes Céisbaped layer apd4be Icirasit of ther IC wafarhe | C waf er
and the "C'-shaped | ayer. The "C'-shaped | ayer

cofp043kes at In etrsr featured, tHerorethod iftiLdsOencapsulating at least
clircult Cor‘rponent conpri ses at | east one of an

pa Hf ithé 3EWafeh Grid ie”@]“éh%EFdTIQ?eri. NEHE P shY tlﬁ'(I: | ln‘i?atmfﬁses at

spiral inductor. [0044 ther areas of ap
e i.avent i R apparent from

oo ohg B Ha5An KB I Bt BEEBBen YlRDaERs 4 B8kt one of an

slp?gul d @e un&lerst o,in .that the detailed description
osciifgiosard anjlpdustarp Tl indygiareampisesta sijral industes er r ed

embodi ment of the invention, are intended for purposes

of [PP44)st r &urther anegs of @palieabilitytofi theepresentt inventiort will become

the scope of the invention. DESCRIPTI ON OF DRAW NGS
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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[0045] FIG 1 is a block diagram show ng an aspect of
a crystal oscillator enulator. [0046] FIG 2 is a
tabl e showing a relationship between tenperature and
correction factor. [0047] FIG 3 is a graph show ng a
rel ati onshi p between tenperature and correction
fact or 50048 FI G is a block diagram show ng
of £1@r4 4 a black magsam shawing aroaspedifa cmstal ‘oscillator
5 IS a t wo- di mensi onal view of an aspect of a crystal
emulatorn | ator enul ator connected to external inpedances.
[0050] FIG 6 is a detailed block diagramof an aspect

of [0048]yst #GO5 &8 hltwbUimepsignal Okmp@nmgbgdctt@f &@rystal oscillator
external inpedance. [0051] FIGS. 7A and 7B are

bet ween an external
emlglrrpe ance Woﬁ%@%iﬁﬁﬁﬁcﬁval ue. [0052] FIG 8 is
an oscillato sse Ly .
fo Mﬁﬁner dgﬁylsﬁ% 8 ﬁgraén Bippaﬁpgc |‘oscillator
LOOSS FI G 9 IS a bl ock di agram of an aspect of a
em naestad toAn gdgEalimpedangs4] FIG 10 is a flow
d|aramof an operation for emulating a crystal
os&&nmt or F@Soga] aml @B are diagrams showing gelationships between an

aspect of a | ow power oscillator. [0056] FIG 12 is a
extairat impedaoewadie andlandigitasisahes. of a | ow power

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

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

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

[0058] FIG. 14 is a functional block diagram of an integrated circuit
including a processor and a crystal oscillator emulator that generates a clock signal

for the processor.
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oscillator. [0057] FIG 13 is a functional block

diagram of an integrated circuit including one or

nore circuits and a crystal oscillator enul ator that
generates a clock signal for the one or nore _

circuits. [0058] FIG 14 is a functional block diagram

of an integrated circuit including a processor and a

cr ¥8@39] os€iGl atoris eansfuattional hblockediagedras ofi anl detegrated circuit
signal for the processor. 15 [0059] FIG 15 is a

including & pracessopandd agystah a¥ciliator érhelater gt Gbhekdtds a clock signal
i ncluding a processor and a crystal oscillator

for @8 pRicaEsbhd ﬂh%’ﬁ%hgﬂ an %ﬁal%%nerft r &difing glock speed.

processor and that enpl oys an ext onent

L faﬁ?#h?ﬁﬁgtf%ﬁ&ﬁ\%laﬁcﬁi%@ma t&ﬁ%}&yﬁ Wkipding one or

CI reuits, rystal oscillator enul ator and a cl ock

Mogg \9!'9%' 5, t%‘a&ys@% sclatar emulator andaagleckdivider that generates clock
ot her cl ock frequencies. [0061] FIG 17 is a

signalg &t iopar nwreciher claok frequgneiesd circuit including a
processor, one or nore circuits, a crystal oscillator

emf0@81]r afiGa 17l isch fneiiokel blb_@k of%ﬂﬁté?ﬁe@'@ﬁ:’ﬂlt including a
signals at other clock frequencies. [0062] FIG 18 is

prodesstiCbhe %ﬁ'm&b%ﬂ&uﬂi; arysthIcschilatsr &hﬁ%%rt ar‘nd‘ &l it @vider that

a processor, a graphic processor, Iolnet I :
at or
ge’f‘%{éf*g&é‘?]"ekr“@”@gét@%@'ﬁ%ﬁé&?%] FIG 13"?3 a
 nfiElng B3 dBessTuaRiOnalblpghChcAtbiniaTHted kit noiuding a

FIG 11. [0064] FIG 20 is a functional block diagram
Processast @ graptic arrgassey rame=er more circuits, memory and a crystal oscillator

emulator that generates clock signals.

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

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

[0065] FIG. 21 is a functional block diagram illustrating an integrated
circuit with a temperature compensated on-chip semiconductor oscillator that is
encapsulated in a packaging material having a low dielectric loss according to the
present invention;

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

circuit package of FIG. 21 in further detail:
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circuit that is encapsulated in a packagi ng materi al

according to the prior art; [0065] FIG 21 is a

functional block diagramillustrating an integrated

circuit with a tenperature conpensated on-chip

sem conductor oscillator that is encapsulated in a

packagi ng material having a |ow dielectric |oss

acm%]ng FiSt B8 ispa caidericrossreectional view 6x| arFiatterreate integrated
illustrates one exenplary inplenentation of the

circuitt packaged includingi tnpenichipe semitdbsdudar iosclllatdrhaécording to the
detail; 16 [0067] FIG 23 is a side cross-sectional

pre¥éstingdntith; 8l ternate integrated circuit package
i ncluding an on-chip sem conductor oscillator

ac i N t : t..l LV Long k I i
2 L0817 Efe 28, DA T ot PG iy A Lo altegle dfreorated
. clLrcuit pack i ncl udi ng. an on-chi p .sem conductor
circt PAgkads: TidHaIng; AQ PB-CHiRG SeANIERRHCIOT IsRllpior; agassdiop to the
FIG 25 is a plan cross-sectional viewillustrating
presert inyei@nated circuit package of FIG 24 in further

detail; [0070] FIG 26 is a functional block diagram

i | [0089]at i RYS1 @5i isgaoplan crosgsectionalovieanillastratingd the integrated
sem conductor oscillator based upon tenperature

circaitpaeRagé bPRIG[ Minlfurthbfdetall; i s @ functional bl ock

di agram of a fractional phase |ocked [|oop (PLL) that

SISO, SEIGIYAL B 5 =B it JhaHige g of o
ca;{arg Créir 01{1 ‘f}l?lé gg%;%%ﬁﬁgpl{dﬂgfﬂrt hoastciliagz]c(;rI l%]laesseda upon temperature
compensation;

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

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

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

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

[0075] FIG. 31A is a functional block diagram of a hard disk drive;
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[0073] FIG 29 is a flow chart illustrating steps for
nmeasuring sanpling calibration points and using a
linear curve fitting algorithmto generate calibration
dat a between the sanple calibration points; [0074]
FIG 30 is a flowchart illustrating steps for
measuring sanpling calibration points and using
hi §8@76Jor déiGc @eeis at finctiondlgblock idiagram ofredijital versatile disk
calibration data between the sanple calibration
(D\WD);nts; [0075] FIG 31A is a functional block diagram
of a hard disk drive; 17 [0076] FIG 31Bis a

f upgapnal ockqdi pgor 2 digital tile, di ”
DTS, PRGOS B0 TR BRI oS cemnton
telegv' §1 high definition television; [0078] FIG 31 Dis
'§'9%ct i onal bl ock di agram of a vehicle control

syi eﬁl\ [0079£ FI.G 31 Eis a functional block
di éq of FAGed1P s afupstinngl bjavkatiagrammf 8 vehiclescantrol system;

functional bl ock diagramof a set top box; [0081]

FI 00RG i £1G. 8linds aduradtioniad blockidkegram of a selfalt phone:
pl ayer; [0082] FIG 32A is a side cross-sectional view

of [0080] t eF@t 81F i¥ & Qiritiofal Blotck Widgraftdaset tBELUéﬂE ng
an anneal ed gl ass paste and/or epoxy |ayer for on

21 [00BAS! FI6! 396 i8auhiihinl YK diagBRPcl o Wi BRRefS

a side cross-sectional view of an afternate 1n
ci 441 pa g8aiyncl udi an anneal ed .gl as ast e )
anMi] ep o%tél §§}ér'gf%§ - CiaSs-5eC |pgglsylgwa¢pfts alaltgmate integrated
. SLli c?ﬂg waf er .and a conductive material |ayer forned
cireyit packaggdnclpding a anperled glass pastq ardlopapoxy layer dormed on at
epoxy | ayer;
least part of a silicon wafer;

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

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

[0085] FIG. 32D is a side cross-sectional view of an alternate integrated

circuit package including spaced annealed glass paste and/or epoxy layers and

conductive material layers formed on selected portions of a silicon wafer:
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[0084] FIG 32Cis a side cross-sectional view of an
alternate integrated circuit package including spaced
anneal ed gl ass paste | ayers forned on sel ected
portions of a silicon wafer; [0085] FIG 32D is a side
cross-sectional view of an alternate integrated
circuit package including spaced anneal ed gl ass paste

and00B6EpoxHIG. B8 & arside aroskistctionahwiew oflan altemate integrated
formed on sel ected portions of a silicon wafer; 18

cirb @0 §RckBg& indRMling &h Sdrﬂ'%afé@-?gﬁas?%is%‘%qdlble"ééﬁg(xaféyer and a

alternate integrated circuit “package 1 ncludin

. . , | a
o e it By B el S aoYrchRS bt o TERB AT of
Si Iy wafep. 087] FLG 33B is. a side i
or dDOBTLCT F3F. 3o B 6 prastr spclional Mieve of ancaltemate integrated
. circuit package including an anneal ed gl ass paste
CIF%H/Rﬁckégexmcﬁlﬁlm ath @nnealash Qlass \pasteatand/erd dpayyrlayer and a
adjacent to an oscillator of a silicon wafer; [0088]

comduetive 3natesiablayenadjacersttoarcosaiifzbr of £wiliedn wafer:
alternate integrated circuit package including an

anee8sy 9/ASS 33T sLa aidé LrofReMtional Glew? Bf gﬂc?lgerrn%tfe integrated

conductive material |ayer adjacent to an I ndu
ciréit | fang | e
S, Rl AP Bl B, Bable o spovy tavr and
L GULL kage i nel udi an_gnneal ed gl ass paste
cofdiigtish magioHisadiasntdo angnduelor oba slican veter ay er
adj Ségﬁ t n_inductor in an oscillator circuit of a
si il I 33Dbison]side crosssspxctional view of @p alternate integrated
. cross-sectional views of alternate integrated circuit
cirqustc ipagkage niotludingg annmeakalbdglghess pastee ahdiroeper@dyer and a
portions and a glass or silicon |ayer that create an
coreductige Material layer adjacent to an inductor in an oscillator circuit of a silicon
wafer;

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

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

[0092] FIGs. 36A-36C are side cross-sectional views of a wafer including -

multiple integrated circuit packages including annealed glass paste and/or epoxy

portions and a glass or silicon layer that create air gaps;
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[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-sectiona
views of a wafer including nultiple integrated
circuit packages including anneal ed gl ass paste and/or

epdeg93por thHiGss 3TAIZB gire sside-cravs-dextibnabVidivst SR integrated circuit
create air gaps; 19 [0093] FIGs. 37A-37B are

paék IrRARINS HrineBfld ﬁla%‘é’sggégtfeﬁ@&'gg gpgﬁxﬁﬂaévg’@hé&g% have been

packages i ncludi ng anfeal e gl ass ba drorep
tl: \/ n . coated w a con
co%%?e«r"?géFbgﬁadd%dgif&%ﬁ’éanS |tl I usi rhat esnfée?glt g(rjy
n e i
i M L L e——
reference synbols in the various draw ngs indicate
intpgrated eiraitackagingofi filEs. BRAGADPTI ON [ 0096] Figure 1

shows an aspect of a crystal oscillator enulator 10

f o{0088her dlkergeference psymbolgnin thd Narbns drawifgs Sdicate like

frequency. The crystal oscillator enulator 10 nay be
eleptgér ucted on a single sem conductor die using any

process including a _
Conpl enent ary- Met al - Oxi de- Sem conduct or ( CMOS)
process. [0097] The crystal oscillator enulator 10 nay

i nclude a sem condu [Llator 14 to generate the

out put signal 12. AﬁNb‘ng?Eg, RIRBRMct or osci | | ator

may be used including LC oscillators, RC oscillators,

and0996]y o&igureat showsTar aspest of acotstal osaildtbreatuldter 10 for

i ncludes a control input 16 to vary the frequency of
genearating an output signal 12 having a precise frequency. The crystal oscillator
emulator 10 may be constructed on a single semiconductor die using any process
including a Complementary-Metal-Oxide-Semiconductor (CMOS) process.

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

[0098] A non-volatile memory 18 includes calibration information 20 for

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

non-volatile memory may be employed including content addressable memory
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out put signal. The control input 16 may be any _
el ectrical input that effects a controlled change in
the output 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
menory 18 includes calibration information 20 for
(CAMN r%ﬁ ¢aipration inflormatiosi 20 atay inetudens orectiorf fautdr o'be applied
of tenperature. Any type of noa—gvol at |q:4e menory nelzaé
to the Fob yrepsluti 16C L thengbriiebh8toR B EIRSHR eto'&i@'by thefoutput signal
(CAaI\}T..‘1 Tﬂgmcalibrateir%]infornation 2? may i nc Iud.eatp 9
ti f im0 i ' C i pp .
FreQQBAGF, e SRt iBrasin) 24 'ﬁf)vuﬁ%e S{iﬁft%a fh% change in
] reguency. The calibratiaon information
torforBllre Tl % el Sigerailins® o oPetatiar Rrieiayons wel as
a ca ib.ati?n t nPerature to an operating tenperature,
beinlg g jungctigR o BQ?&B elemperatusd. of absol ute tenperature.
[0099] A tenperature sensor 22 nmay sense the
t edBRIY ur A dempesatuse nsensodu2 omayi sense efher adrmperdtine of the

tenperature sensor is located on the sem conductor

semioenductohedie. ci rPreferablyt hihes ehperatued Osesdr lid afoRhted on the
14. Any type of tenperature sensor 22 may be use

semtohddEos did % Tthe LAEiRitR th@@éﬁﬁ@n&'@&éﬁ%ﬁiﬁ@g&% Any type of

tenperature sensor 22 Tmy be configure

teripSt e SBrbtr 2R, A e 5ol SBTREINATUERE Apdiored detectors
_ _ 19SS A
T KP A3, sensor 42 ey Rercariourad io mewsnse a shange in temperature

storage, technique 30 may be any form of database
from:basgling temperatumre ot the presentiemperaturep tabl es, and
hash tables. [00101] Figure 3 shows a series of

ex{0ad]y Figa2 Showt = staragkiteshhigaé B0 fdfaétéﬁﬁgt; the calibration
versus tenperature for maintaining a constant output

inforirgitioh 20ringHe mon-voktilé Meemory 18. The storage technique 30 may be any
form of database including CAM, indexing schemes, look-up tables, and hash tables.

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

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

baseline value for the semiconductor oscillator control input is determined for a

predetermined frequency and at a predetermined temperature of the semiconductor
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crystal oscillator emulator 10. The data for
constructing the curve may be attained in any manner
i ncl udi ng devi ce-level testing and batch-node testing.
[00102] Exenplary device-level testing may include
testing each device to determne correction factors
to be applied to the sem conductor oscillator to
diengfi thedeviceasuainas the lowespopefatingitemperatutd) Thebasslingvalue may
tenperature. In one schene, a .baseline value for the
bes eneasuredi c direcths cor |iatePpolatsts Pdmi ReAsurém@at o1 &?&Ber device

for a predeterm ned frequency and at a predeterm ne

chaRIERATSREUT BaSblind Gakfed! fh%?dé'l% %Be dIrEd Q%tgg‘égg@t%ﬁ@al output

such as the | owest operatrng tenperature.

b r i rectly or interpolated from
frelfBehiR: criise: GyESBOY R TPE ookt pplefiel fuipis” requenty may be
Basel i ne_val yes, may al so be neasured for_ each
extERRalatad TRy e, Paseling alke, for Ane dredetstmined Fequensyr such as by

each potential output frequency may be extrapol ated
using onknewnoeiseit relatienaiép.f ofhe baselined eakeesifoeedach potential output
frequency such as by wusing a known circuit

freqeérdy mashbe.stdifed A Hsbhte WaILES of &s ﬁqrﬁfib,pﬁtffél}&dﬁgy factor, to

out put frequency may be stored as absolute va

compute thalbabelife VaRBISAIN o IR I%r%asteﬂpe GafRute the

basel i ne values froma singfe baseline value. [00103]
Th er seng. conductor. die is.then .
i n$92as d ﬁ“(#’rmf‘eng %'Jﬁpﬁ? hﬁ@mﬁ%mw&’ﬁg\‘%ﬂ g ﬁeH}f& ncpased from
gut the neximumoperating tenperature in _
abé'ﬁs?ﬁ%t i°‘§?§p§pefﬂf€‘$u er@f‘?rﬁi der @bpuktifgs maximum operating
referably limted to_ about six tenperature levels to
tenparatuse i gisargtecyisps., Thetnumbenaftiecreté stipsds eireferably limited to

steps may be used. Preferably, an on-chip heater is

aboigesix ttermpenaturd dewesrito reducé destinj eostelUbub Ay MaRBePbf discrete
varying the tenperature of the sem conductor "di e may

stegie gmt;gbé ased. P?'éfe‘?é‘l‘ilp, &h BAIHIShehteR is Ly RENRATRE $ehfidonductor
nperature and the

die, but any means of varying the temperature of the semiconductor die may be

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

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

measured.

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

oscillator to maintain the output signal at any one of a multitude of predetermined

frequencies. For example, if a correction factor of 1.218 is determined to correspond
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correction factor for maintaining the output at a

constant frequency nay be neasured. [00104] The

correction factor is preferably a ratio to be applied

to the baseline value to obtain an adjusted val ue for

the control input. The calibration factor may range
fromany baseline value such as 1. Preferably, a

to ai chAngec v ternperaturef afc45rC; therotheutentrdloinpatidf the semiconductor

tenperature step, to be applied to the sem conductor

osdélifgtol hitlybe bAjuSRidAShTuh&orPot bfiétco'fﬂe%ﬂéh fé&t&@?ﬂcf‘?gg b$ichanging

a nultitude of predeterm ned requenct es.

e i f . [ actor .. 18 s detern.ned,.
thefE6Rornpll ol 16 the Yhrdeth fapdt o, i aikihs, Jgatve, the
then the control input of the sem conductor . .
corsedion et Tiay Decariier$0dhe Fassing yekeoerpsnaning to the desired
correction factor such as by changing the control

outpyp frequensy oigo generate oat ealibratede valuenta awhioh. then control input is
another alternative, the correction factor nay be

adjupiedi do anothéralternative; €omettion favtorsspay dievmensuredecorresponding
desired output frequency to generate a calibrated

to eadhier deverdlicuputTRedientied! atié%Htteg@eré’tQ}éJ%Bg- In

anot her alternative, correction factors nmay be

I 1001, CRAGEATAL Mok of Tdd] o30S, 8)ils 10 to obiain

at.ch- e testi of crystal oscillator enul ators 10
calfPfad Jmaton Athrron adiBnfaconsl dacrease Costs by reducing the
advant ageousl y decrease costs by reducing the nunber
nurgper,abRigasuEaments for  batohcef semisenduaiatidiesorin diatch-made testing,
batch-node testing, the testing results for a subset
thedesting easuits dora subsetrof enystalt ascillatdr émoltdrsel (skom thetsafe batch
of sem conductor dies nmay be used for all of the

of siemicordugtor dies niay b8 usdtifosaibePtheevidds/ifltAb batch. The subset of
oscillator emulators that are tested may range from

cryStae ok Sl Aoy eRMBFd frﬂ.ﬁ! agé teét@ﬁ rﬁ%}? ;?/ésr%%uﬂgédcw? gcﬁ any proportion of

devi ces. For exanpl e, single
the%ladﬁntiw of devices. For example, a single crystal oscillator emulator 10

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

[00106]_ Figure 4 shows another aspect of a crystal oscillator emulator 40.
The crystal oscillator emulator 40 is similar to crystal oscillator 10 in function with

similar corresponding elements numbered in the range of 40-52, except that crystal
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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
emul ators 10 may be tested for a subset of
calibration informati on such as the output frequency
at a baseline tenperature. The subset of device
oscilgéen emulaten 4G may alsoi includamnecer meye oéa hgater 54, a controller 56,
nodi fy the batch calibration information stored in
anccaskledtinpué 58 [dddrid61 inFféambieatlols.hows anot her aspect of
a crystal oscillator enmulator 40. The crystal

oS o010 or TREBUhGAtEF 540 midy BeNokated! Bn Cth¥Sééticonductor die in the
oscillafor 10 in function with simlar correspondi ng

wlfhY BF e BRI babIBK 00, Byt S e Bl bating. Any
, . A : d.a,
typ8 B it 583y e aed droliingFRTaEr atarcans) Tesiflive heaters
heater 54 may be | ocated on the seniconductor die in
The Reatey 54imay %ecqpemf@dge fessnsedod@n ivput froan tbe tamperature sensor
provi de a source of |ocal heating. Any type of heater

52 3d confrdbetheststinperaturdi ofy the semisordudieratii.s aftte heater 54 may
resistive heaters. The heater 54 may be operated in

incre@88 A6 BefricaHiuctit die témpuidigrel t8ORVAY thaf céﬁeépsﬁngsﬁa one of the
to control the tenperature of the sem conductor die.

tompRFaFE el ey W 56 Ay Do SHRAGHEFARE. 1 aacition, o
enmperat.ure | gvel s for which, correction factqrs have .
pPagsBER BRYEH RGN TPELR FHoHaTEe BiA D8RRy T B Stelg escilator

tlppg | i npedance may encl ose the crystal oscillator
eMEATfbr 40. [00108] In one case, the heater 54 may

i ncrease the sem conductor die tenperature to the

mak00#08] optn enencases riher heatee 54Hmay, indredsegthiesemiconductor die

batch level testing only the correction factor
temperatase to) ther ndximlhe operdting tempir&turéld Here, during device or batch
level testing only the correction factor corresponding to the maximum operating
temperature would have to be determined, leading to reduced costs.

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

control input during the temperature transition using extrapolated values computed

from the correction factors.
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tenperature woul d have to be determ ned, |eading to
reduced costs. [0100] The heater 54 may al so be
controlled to raise the sem conductor die tenperature
to one of several predeterm ned tenperature |evels for
whi ch correction factors have been determ ned. A
second tenperature sensor may sense an externa

t e @3t ur &heucontasllennS@ntriaynadde egtra afunctiomalitprby for example
assenbly tenperature. The heater 54 then may I ncrease

confrbiling ¢hé heatdv Sudn réé;ﬁbﬁs&ﬁb&haﬁifareeteh‘iberhbu?e B8AS&S orthanipulating
the predeterm ned tenperature [evels while

the EABrafidIP HFoMAINNSO R dbfife véf&%[f?g %’ﬁ%ﬁ’%ﬂa‘idﬂ gr%étr@orrespond to

tenperature transition using ex

: e e rrection ctors. 24.[010 The, :
it fompdiatlnky 258 éeaﬁ%h%%réiwgrp.ﬁ ply pg%m.{; including a
exanple. controlling the heater 54 in response to
qu?éﬁgﬁmcpbsﬁwﬁva@m 8 SQBW@!S‘P Qfulerani pul ating the
calibration information 50 to derive values for the
coff102] i nphe selact inputeBHomdythe usedeforedeletting specific output
tenperatures. The controller 56 nay be any type of
freqeenciey frone Within\a rangeo abfrequ@tties.CThe ngﬁmgrebﬁ;uénéy may be

software nodul e. [0102] The select input 58 ma

sele\%%_asﬁ arfupBliGit bt P%oﬁt%e@tafni & FUPbkierid) 9}%%9&3 tcBhﬂg&ted to the

In a range o requenci es.

nc sel ect s, a function of the .
seleHm a‘nczhg?g)ggﬁ‘&tcgpﬁéqn%g%%%&ﬁ ussA Urqcty #% & partion of the
el ect input.. The external copponent may, be used ]
semiorggEtay SRgaIosds SRl B1e RuiBul BeRiensyIALINgirosix. sushes selecting
to select the output frequency, or indirectly such as
valugs of impedanaceayitkis appredeirrmined rangenmay soprespenc tmpresétermined
range nmay correspond to predeterm ned output
output efpequrencies. Thhe eexternall comppnestnimaybe angntomponent, but is

conmponent, but is preferably a passive conponent such
preférabiy & paksive coRipor@RRSUdPAs a resistor or capacitor.

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

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

predetermined standard values. Each of the 16 values of resistance corresponds to
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[0103] Figure 5 shows an aspect of a crystal
oscillator enmulator 100 having, for exanple, two
sel ect pins 102 and 104 to connect to two externa
i npedances 106 and 108. One or nore pins may be used
to interface to the external conponent(s) The
rystal oscillator enmulator 10 bes or. .derives
one ¥ BB redishovievas: & aoaicBl R BreisioB Rassbecargponents
t he | ect pins 102 and 104. The derived information
are pﬁ%i‘ ri MélS?ﬁra@eth@re%rrr@I gPERaNents tncteduseiost angdpvemtary. Each
correspond to selected |evels of the enul ator
exterpalagempenentt may . haver meltiphe| N, predstermhiaeginominahealued that each
to an external resistor may be used to sel ect any one

correspod® touhpuselbectisi en ey predetemminedhéhdrasieristie d8valf thQne pin is
external resistor is preferably selected to be one of

used 1ﬁnerp Neéﬁa?érff‘ Ma&bﬂ@ﬁ@iébe‘f@'d@ﬁ pe '%Qe%%:t@& t l'i’?ngfpmi are used,

val ues of resistance correspon one o

then gglslg%lg% %@E%%Fg&'\ég lee{!pgsf Zg%%flgp lﬂe&a ec Sl o?orth for an

ext er nal onents to reduce cost and |nventory Each
incregSing, MATDEG A SHSRIOREpINay & NeLIYRSI &, dayice chasedterstisdthat for

nom nal val ues that each correspond to the selection
exampie amgyebet selectastl intladeacoutiust freqlienm) . fréduery tolerarce, and
used, then N different characteristic |levels may be

basekiss estrectior factow Aorexafiple Umécbrystbhﬁﬁlllﬁtbl' Qh‘ﬁfléib? “ibo may have
characteristic |levels may be sel ected, and

@ sl g IENP S AAOY f dh  i AR o
vl A8 B SRR DR e of o 1

exanpl e, the crystal oscillator emnulator 100 may have
pred%iegmmdevad@%bﬁspﬁ megsures Makie: dageovhish exareespands to one of 16
resistor that may have a nom nal value selected from

predetegnined aiftputtiregusheydevels possiblyurngirceitdmof MHetol 600 MHz.

predet erm ned val ues has a neasured val ue range which

Cqo164PONnchet @xfitfalofmpédances 106 and 108 are preferably resistors,
capacitors, or combinations of resistors and capacitors, but may be any component
that exhibits predominantly an inductance, resistance, capacitance, or combination
thereof. The external impedances 106 and 108 may be connected directly or
indirectly from any energy source such as Vdd and ground or any suitable reference
to the pins 102 and 104. For example, the external impedance 106 may be
connected through a resistor/transistor network to Vdd and through a capacitor
network to the select pin 102.

[01058]  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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predet erm ned output frequency |evels possibly ranging
froml Mz to 100 WHz. [0104] The external inpedances
106 and 108 are preferably resistors, capacitors, or
conmbi nations of resistors and capacitors, but may be
any conponent that exhibits predom nantly an
i nduct ance, resistance, capacitance, or conbination
selechpine oPrefatablye the impedange taselestetidtt and: 4 GBamdzyrd balue such as
connected directly or indirectly fromany energy

" nomfirsal resistail aludsl Comedpahding CtoOresorsSaviag |2 10% tolerance (e.g.
reference to the pins 102 and 104. For exanpl e,

4708560, N8B traﬁdﬁﬁcr%dﬁgé 8@\)’ cand? dg‘{‘vﬁﬁwh%é@“ggﬁ‘ account for

reS|stor si stor netmor

mea%ﬁﬁ%rﬁg crmnpat g %r%%'fé?ptfnﬁy ol G SEhntE o o

predeterm ned select value corresponding to the
impoRance: wlues may somespondpedanyegleosriect valueo Fhe2welect value is
select pin. Preferably, the inpedance is selected to
preferably a digital walug, \bait meays alsb bes anranalog values | Boraaxsmple, values of
val ues corresponding to resistors having a 10%

measolref mesistaice fom 2400 ohfié. to@0 ohms nidy b@@ﬁ@@clﬁfé\ﬂ' with a digital
and inventory costs. To account for neasurenent

valub‘ﬂo?i‘e%%ﬁém g 3. h‘WﬁE @5!%89 S)f%eéglﬁ 8§ Eﬂfﬁlce Jfrom 3001 1 phms to

|npe ance, range o ance va ues may

470@%@&?2@%@38@%@ RS ol -
F

0| val ues of neasured resistance
resigiant e vaARSSObER éhileranpes ofdbextatnal impedance and the

ital value corresponding to 2. Wil e val ues of
: lntemagmeaswem@ltsmmte Thedmp@giahce measuved 47 88clobetectipia is used to
associated with a digital value corresponding to 3.

detefininena asrresponding idsgiah ealuen OfHedemgeasti digitap %It!é'é@né@mclude 3or
tol erances of the external inpedance and the internal

morggi’djétgl %glﬁir?fsl agr\dL EI(;éférab“l_)}1 PargEPREANF6 tIRBSHGRA FIuESPBr select pin.
The digital values comresponding to each select pin may be used in combination to
describe memory addresses. For example, a device having three select pins each to
interface to impedance values that are mapped into one of 10 digital values, may
describe 1000 memory addresses or lookup table values. The contents of the
storage locations corresponding to the memory addresses are used to set a value for
an output or internal characteristic of the device. Another exemplary device may
include two select pins, each configured to interface to external impedances that are
mapped to a digital value within a range of 10 values. The digital values in

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

each contain data for setting a characteristic of the crystal oscillator emulator 100.
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determ ne a corresponding digital value. The range of

digital values may include 3 or nore digital values

and preferably range from 10 to 16 digital val ues per

select pin. The digital values corresponding to each

sel ect pin may be used in conbination to describe

menory addresses. For exanple, a device having three

se[@&%] pi nEigtise 16 shows atbleckadiagrami ofpard aspect\oflauerystal oscillator
that are mapped into one of 10 digital values, may

emulistorrfi2De  TORO crywtalr ysclllstor sinslatr 120kaslulied! £ seRictgsin 122 to
The contents of the storage |ocations correspondi ng

interfate ﬂﬁaﬁ%haﬁﬂﬁ?na 798 thisted Jéédsﬁ ﬂ%&’a@% Ecgf\ﬁguration of

an output or inte ~Characteristic _
the &R ol oF BrfiigP Tebe et ESasis 24 Hooimer i function
and g5t fre SRapedanced uBand, 11Bonbi nat i on ey
descri be 100 nenory addresses or | ookup table val ues

t hNEMOFhy Aareassrément dicuitt 426sconneajed to the select pin 122
characteristic of the crystal oscillator emul ator 100.

meaBuresCard électrioal chartactaristie tivattis adiuindiiciooftiledxtémabimastdance 124.
of a crystal oscillator emulator 120. The crystal

For 8fémpletaPEurPEm ﬁta?(rbelﬁg?ﬁllé‘a' 06 éd?@iﬁ?hg?&é‘néezgna the voltage

interface to an exter | npedance I's used

i 1 0 6 BB gl 12 Y. o vt

may el Reeel a4S5 HEF ermalgnoRRancad A8 #NOBAR resassue the curent

126 connected to the select pin 122 neasures an
Any aneasyremant daehnigue fos measuniag pessive gompamentst mayebe used to
external inpedance 124. For exanple, a current may be
measulepthiecelectsicah charactaristic inclpdidgrdymaanid ashwel aktsighic techniques.
that is devel oped across the external inpedance 124

Exemplany meesisunsmen Sechriqved tingRideMaimniAg iciFBties S8falog to digital
across the external inpedance 124 and t hen neasure”t he
converfer$ "(ADCs), and digital to analog converters (DACs). Preferably, the
measurement circuit has a high dynamic range. The measurement circuit 126 may
generate an output having a value comesponding to the value of the external
impedance 124. The output may be either digital or analog. The same output value
preferably represents a range of external impedance values to compensate for vaiue
variations such as tolerances in the external impedance value, interconnect losses,
and measurement circuit tolerances due to factors including process, temperature,
and power. For example, all measured external impedance values ranging from

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

While measured extemal impedance values ranging from greater than 32 up to 54
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Any neasurenent technique for neasuring passive

conponents may be used to neasure the electrical

characteristic including dynamc as well as static

techni ques. Exenplary nmeasurenent techni ques include

timng circuits, analog to digital converters (ADCs),

and digital to analog converters (DACs). Preferably,
ohmshmayrsagelatecin acidigial toutput vatie ofd it c Thegactuwieexternal

measurenent circuit 126 nmay generate an out put having
impedanceuealoesr asp@andubsett of tthe kwasaref externakimpedance value to

i npedance 124. The output may be either digital or

accolm Feidhe V2t dafatinsP Hor \eXavfple Pihahe bl cages ﬁfé*?%t?laﬁextemal

range of external inpedance values to conpensate

: [ al] t L anc [ XERT

impetctS vedts, g Se THOET 23 1m020 SRREER0 Porh 38 815 By n each
circuit to] erances due to, factors i nﬁl udi,ng  process,

casq &y RensE IOWRISHSIRB reSistr Ry b Selediet thav Avalle centered

_external inpedance val ues ranging from greater than

withipothgp ranges 2susiings iy obors andt 43 tahnas.di Igi this vy, joexpensive low
val ue of "0100". While neasured external inpedance

precisidru eompongintgy niayo ivegused ¢o ddlact 3Mongstt a fahge2df AIYMS precision
may correlate to a digital output value of "0101". The

outpRfs. The suié&tivalle mayRROIGSSEditEEHESs 8VariabRUATEE té’f:oﬁtﬁ(g a device

neasur ed external i npedance val'ue to account for t

_ A . h ¢
char§SeR B 18 ARl Gl or 24" BYBHBHRETADg 1y oo be
30. ohns .and, from 36 t 0 ohnms. In each case an
deteﬂﬁlé&?ﬁ’éﬁgﬁ'%%'ﬁ@Wdﬁ%éﬁ%"g}ﬁaw@si stor may be selected to
have a value centered wthin the range, such as 27
ohl@308hd 4A sterage (circuiti 2R anay iineluge nsiriable yalues that may be
preci sion conponents nmay be used to sel ect anongst a
selected@s afurdtigh qithe selechvaloe: Jihesstordge cirelitd27waby beramy type of
be used directly as a variable value to control a

storatsey i steuctedearinclligings icontedit bbdredsEbled mé@meh),| 8tflic and dynamic
emul ator 120. The vari abl e val ue may al so be
memory, and look-up tables.

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

[0110]  Figure 7A shows a relationship between groups of impedance
values 1560 and associated select values 154. The groups of impedance values 150
may have a one-to-one correspondence to groups of digital output values 152 which

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

impedance values 150. The impedance values ranging from a minimum impedance
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determned indirectly fromthe select value. [0108] A
storage circuit 127 may include vari abl e val ues that

may be selected as a function of the sel ect val ue.

The storage circuit 127 may be any type of storage
structure including content addressable nenory, static

and dynam c nenory, and | ook-up tables. [0109] For

value e aawximbat impedaress aresseparated dniintolthéeq @nenatee groups, with

out put val ues that have a one-to-one correspondence

eacht d@'ohbm@mgfé mdmihaNAHRdeAcE 2 TheShordinafipéddncéaldhfes of each of

termner 128 may then set the output value to a

the n%g%m%ﬁbé'%eié&éd ilﬂ%gf%ggﬂéﬁneé gzﬂv%ém%mﬂ{al $¥pelaAte values.

e val ues rgur
Here %@hgﬁwﬁqﬂa@ 2? eo@ﬁ%gﬁﬁ &3 cirgns %ﬂﬁgé?gw\g Io |fmped5ance values
npedance val ues 15 have a one-to-one

havec%spégas@aéﬁm% Ehgésgcm ketween the,groyes of dnpedangsvalues is
which are converted to the select values 154

preferablychasesdomigelomedrit: ppbgressiogr bowsverf any meathiematical relationship
val ues 150. The inpedance val ues ranging froma

may e usbdntd ngaeslsish espatthgy detifedr? tie gmunwmctmag d@géﬁthﬁf € linear,
separated in into three or nore groups, with each

ond S| G BB HERanED Sy B Wiy bo basad on any
o818, 08 6 4568 AT 6 FBEREHGo. o mon

ohns f th royps of |npedance val ues = have

Va'”%p%aé Qfﬁnwaﬁ@g N eRdingpalueg @smmatt-nﬂu@a%ﬁgleemon of the
i npedance values is preferably based on geonetric

impegdange easgenf thecgroups andthewpacingtma incudeavariousitolerances such
may be used to establish spacing between the groups

as tiseltdiessndeoghitiid leRiernall infgsiancep it expaitRR!t bRinterh2® voltage and
spaci ng between i npedance groups may be based on any

current sources, and the tolerance of the measurement circuit. The tolerances may

for example be caused by process, temperature, and power variations.

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

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

correspondence between the ranges of impedance values 156 and associated select
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I npedance val ue of the groups including a nom na

val ue, an average value, a nean value, a starting

val ue, and an endi ng val ue. Factors that influence

sel ection of the inpedance range of the groups and

t he spacing may include various tol erances such as

the tol erance of the external inpedance, the tol erance
values 158 Brayabevigrplegentast bye for @xamplesr eeponlineart aralog to digital

tol erance of the neasurenent circuit. The tol erances
convertgr (Modishewalipl e be caused by process, tenperature,

and power variations. [0111] Figure 7B shows a

r gha12pns RéfehftigBadk (PRRES, %S%dﬂ?ﬁi_ﬁé‘@%ﬁeréfé‘tl ‘1‘?@ ni&Pdetermine

and associ ated sel ect values 1 eranges o

P 3088 65 8 S Rl A5 LS SBSBHTAF oo
kB BEAE GBS IR HBRECH L 5 Pt REs B fupec

roup having a nom nal i npedance. The nom na
any MapBaGAken a8 alst for acsiaglesteledtin: adpekumiable fardwocsealect pins,
to have a spacing between nom nal inpedance val ues.
and &ithied ondee tablefordhreesselest pii§. ohns and 43 ohns, of the
groups of inpedance val ues have a spacing of 16 ohns.

TH0918) r et conolles ABRdAREE sBEtavRRYiceNBhaRRERRtie! of the crystal
i npedance val ues 156 and associ ated select 30 val ues

oscill%?c?rl SmYiaks C;l%Pé@ &dnDf thd 9%%%?‘18'1}#&.) ?8%%18%&% may be

analog to digital converter shown) .
ferri ack to Fig. 6, .an address generator, 130
geneigef) ek Hicthel Perndermm Brii, SERERRGralopefrom Te select
di gi gl ou%gét vauges associ ated with external .
Valu?-r%lé{i pleanined framitbe qantenis of @ memqyy lacatinnecoreeapopding to the
| ocations may be grouped in any manner such as a |ist
extemgl impegdange ¢ allgscennnected te theselget pirts.e for two sel ect
pins, and a third order table for three select pins.

[0114] The select pin 124 may also be used for implementing an additional
function such as power down (PD), power enable, mode selection, reset, and
synchronous operation. In this aspect, the select pin 124 becomes a multi-purpose
select pin 124 for configuring the crystal oscillator emulator 120 as well as
implementing the additional function.

[0115] In one aspect, a first range of impedance values connected to the
multi-purpose select pin 124 may be used to configure the crystal oscillator emulator
120, while operation of the additional function may be controlled by a voltage or

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

the first range of impedance values.
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[0113] A controller 132 may set a device

characteristic of the crystal oscillator enulator 120

as a function of the variable value. The variable

value may be generated directly by the neasurenent

circuit, determined indirectly fromthe select value,

and determ ned fromthe contents of a nenory | ocation
cofMdspondFigyre 8 shows anaspect|ofiamestilfater asseustsly 200 to generate
connected to the select pins. [0114] The select pin

an olifgut MaYingl £ peh6die sasleform.| THe %mhid}gaséﬁgﬁgg?%é Rﬁ%iees a crystal

function such as power down (PD), power

: i : d b PN LN [ .
s RS Afer 2856 N AUELLEEID POLRYA Tl St
emulzor 503 nay e similar it Qunclin Ak sHCHiS thdha Asperpis gt the crysta

F unction. [0115] In one as?ect, a first range of ]
oscila{oamuatoln fesdibegdakavees dThe assilatonassembly go8anay include any

select pin 124 may be used to configure the crystal

typewf (LUl 204 suchras digital PLRS andiznatogpPet et i on of the
addi tional function may be controlled by a vol tage or

CUo1am | TMURRBEHOSE Seldt FiHS D0BUhB B Hay g,gt%éfaﬂo}%élection of

or inpedance val ues outsi de thelépl rst ra
o SPORHAG kTl bRl SR A ROURAAR GRREC! ho mun
purpgg sec? g 206 gl 20 iy hisp 5 36 o el 209 @psration of the
crys{gk pFFilaloB ST aator 202rsush:saytowh ekyenay Selkciamand saception of
and structure to the aspects of the crystal

referesce Idackdor ealibrations FHidernal hesistatn2¢0 ahtie21@swialy| s evnnected to
assenbly 200 may include any type of PLL 204 such as

e B L s 00 1op LS biging ey, e
ranges of values of the external resistors 210 and 212 correspond to the selection of
different operating frequencies. Each external resistor 210 and 212 may be used to
select one of 16 predetermined operating frequencies. In combination, the external
resistors 210 and 212 may select from amongst 256 operating frequencies. To
control multiple functions, each of the multi-purpose select pins 206 and 208 may
receive signals within different voltage ranges. For 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 206 may also receive a reference clock signal operating in a range

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

206 and 208.
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the operating paranmeters for the PLL 204 such as the

di vider factor. The nulti- purpose select pins 206 and

208 may al so be used for control and operation of the

crystal oscillator enmulator 202 such as out put

frequency sel ection and reception of a reference

clock for calibration. External resistors 210 and 212

mekP138] configere8 shows: & 8pread specirpn sscilatas 300sion geporating an

and 208 to select the operating frequency. The ranges
outpuf sigrialdravirig tehevadabler frejuensy.st Bhe sptéadirspefrdm oscillator 300

correspond to the selection of different operating

incluides o esrgstar osEiRator RrEtatR 302 Yohhetted 1) 4"PLR2 BD4TRIA BRquency
used to select one of 16 predeterm ned operating

contfzdigﬂ’%{ﬁtg@izc%@nebfédc h& S8 &Eﬁa%t%g@mr 58?: ﬁ%@r dynamically

may Sel ec om anongst opera

encl. es cont ol multipl uncti pns ch_of
cont SHFEE rpedBensSEt BB oY ShiedifiEibBie, 627 Tl oauency
signals within different voltage ranges. For exanple,
contigh Zlevige map!Eb?J@é‘a deyige-ef t9shniguss ineliding anvaractas, gantrolling the
external resistor 210 across which a voltage in the
bias rcarrgat sbutce: of thevedmicondyctbe odeillalonpant tontielling the eontrol input
the resistance, and the nulti- purpose select pin 206

voltageyapplied t6 &ite resonant 6AFHdHBES of theCdenticonlctonssaidtos i n
a range of 2 to 3 volts. A decoder 214 nmay detect

2 ;@Pg?ig]onlgph?e (L} éﬂ%w%”fh%oﬁéefa%bﬁcéf & ??Begtocg‘ Qﬁq%%gl?oscillator

gure 9 shows a Spread spectrum oscl

f (g AN . t sl | having, a, yariable.
emuef, 2t 80500, 3 sl Bl SecdlEor i bodi 16" genefting an
i pcl.udes a crystal aqscgjllator enul ator 302 connecte
outpyt, sjgRal 'E“l)’!f‘a/Aaf PeHOdiScyvavelpimo|  Gentigeing o eblack 492, the
the crystal oscillator emulator 302 may dynam cal ly
semicpRdueipr oeillaior may be sglibratgd d0 generate ascenstantcirequeanoy over a
ermul ator 302. The frequency control device may be any
predetarmired range lofi tgrperatatel di Ingone \aspaet, the ealibratdr imey include

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

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

semiconductor die is determined in the vicinity of the semiconductor oscillator.
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bi as current source of the sem conductor oscillator,
and controlling the control input voltage applied to
the resonant capacitors of the sem conduct or
oscillator. [0119] Figure 10 shows the operation of an
aspect of a crystal oscillator emulator. At block
400, a sem conductor oscillator is provided for

Contjjuiirg i blapkaA10, dhememispodugtondis mgye beatagi er cooled to control
waveform Continuing to block 402, the sem conductor

the dis témperaturentayoriecor alaré paedetetrningd tempieeatares levetsanAt block 412,
frequency over a predeterm ned range of tenperature.

the tBnwole igiRehiay bee controédiaPra MBKciidit | dfdthe VdieYidMperature to
the tenperature of the sem conductor die over a

e a « .

compBefitfe Tor LA ds I e bpéraind HARARH T3S YR, sgpal caused by
output  freque ..JThe di.e tenperature nma e neasured

temiatBlli, cpige o st CalBrAteBalstatop oy S ed tpigontrol the
cal i bratjon information may include control input

contrpl inpud. ihes calicyation infpenatian mayr ke ugad lirgctly fior die temperatures
constant output frequency. The calibration

that corfrespond torstoneg temperatuees.i Ronother dietenperatures ythe wontrol input
the sem conductor die. At block 404, an operating

valué rmagy &ec ¥ |aeddfrbAT Ma18forBy dHliBRAtitE MfortdtRinNalContinuing to
component . ntinuing to block 406, the sem conduct or

It e o
Ofaﬁpavﬁcm?@gﬁ@ag['or oscillator. 33 Continuing to

bl 410, _.the sem conductor die may be heated or, ,
co@ﬁégl t o figwter i1 shawsqrr aspast oft ar low Payver escillater 320 for
predeterm ned tenperature levels. . At block 412, the
genefating @ pefiedic signabe dbet low | pawers oscifiator t 320 in¢ludes a crystal
die tenperature to conpensate for changes in the
oscillater amulgtof r322u & walibfaté hen cittipetsiidan dscillaw? ey The crystal
tenperature changes. The stored calibration

oscilltbrogmaldtO322)s REmYARintte WHNstafd td Rsduce power consumption. At

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

shown in this specification.
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control input. The calibration information may be used
directly for die tenperatures that correspond to

stored tenperatures. For other die tenperatures, the

control input value may be extrapolated fromthe

stored calibration information. Continuing to block

414, the frequency of the output signal nmay be

dy[213al | A sumimet 326 andy deteromine dheafréqueenoynesror between the
control signal. [0120] Figure 11 shows an aspect of a

activeosiligsresciltator butsutrand el @ystabeseliistbr BehutatBEbURAI.C A controller
signal. The | ow power oscillator 320 includes a

t Chl a j
328 31y \enerfeCh LR, AT b35ed <, e Tkdusel S, o, cpntrol the
[ a 322.is normal Iy |n f state tq.educe .
freafStaf bE nes Aine sfiCoRLscllple ot i e Sorticlley 2B eaiso receive
crystal, oscillator epulator 322 is switched to the
tempgrakiie dnfarmatigh drarg thei Grystat eseiliator @mulatosid3Z oThe temperature
oscillator 324. The active silicon oscillator 324
inforrationnpgy linclygde temperatunestsuch@sythedemperature bbthe semiconductor
emul ator 322, so operating the active silicon

and dise afribiértrtedpératard.i THeeohirolér 328 AdlyVinelnge alibkatibAenformation
crystal oscillator enmulator 322 intermttently

for thEé &e6@S sliBSn @eiliatdr 32AVEmilSPIPHEPLAIBRatidn ﬁ\ﬁﬁmétﬁw for the crystal
[ 320. A 111 con

power oscillator ny type of active s

onoBg64 Ay 22 Oty U B DeERGH MR e for

na e, configqured in accordance with any of the .
the el signgf Bpndhem e eraierabraddemaian @ spmanation wih the active
., this specification. 34 [0121] A summer 326 nay
siliceretoscilfptes calibratian infarpation mrayp bevwased thaipdate ithe control signal
silicon oscillator output and the crystal oscillator
while rtheatrystad ubsuillatorA eawiatop | 332 is Poversd RS afre ohe aspect, the
control signal, based on the frequency error, to

temsérature! séﬂi@n%f EiRSUIC A YthRl chis®ala©bEMBto?| bintiitor 322 may remain
oscillator 324. The controller 328 may al so recelve

continuously powered so that continuous temperature information may be supplied to

the controller 328. The control signal 334 may be either digital or analog. If the
control signal is digital, a digital-to-analog converter (DAC) 330 may convert the
control signal to analog.

[0122] A regulator 332 may, in response to the control signal 334, control
the supply of power for the active silicon oscillator 324 to adjust the operating
frequency. The supply of voltage and/or current to the active silicon oscillator 324
may be controlied. For example, the regulator 332 may control the voltage level of

the supply voltage.
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tenperature information fromthe crystal oscillator

emul ator 322. The tenperature information nmay include

tenperatures such as the tenperature of the

sem conductor and the anbient tenperature. The

controller 328 may include calibration inf?rnatlonh

or active silicon oscillator 324 simlar to the

I:aﬁPiE‘gl i or\“iwt%%t-itgﬂ gchivesilicany gsgillator §24is|narmally in the on

emul at or 322. The frequency error may be used to set
statgngenenating @ operiodieoutputesigoat.r The sirgstal cmoillatdreemutator 322 is

tenperature information in conbination with the active

normially irotheooff stdtet o thedff Btas) Qithér_féllodrfﬁibbﬂfd)nf@%r@ Rryst&oscillator

to update the control si gnaT while the crysta

em@Aa@r 32 MaP BR! 5oWered2sfi 1o ENGRIGE oA %‘F z-fﬁgedetermined time,

aspect, the tenperature sensing cirtcuit
. ' 32 n . .
powEr i SRRIGE o el bt SE bR Al 72 T he spmicansugtor oscilltor
of thi AL PORISIE RIS 344, ' dhen cRlpraRd Wi the siored calbration
analog. |If the <control signal is digital, a
I

infogmatiers The-feaquengy ob the:putput siyna) obthe cryptat oscilator temulator 322
control signal to analog. [0122] A regulator 332 nay,

is compareshwith ¢he frefbeneoof thel oupgneignaicst the @etive silicbh Dscillator 324
supply of power for the active silicon oscillator 324

to deterdsihdSthet ﬁ@qﬁ%}ﬁ:;@éﬂraﬂ of ftﬁﬁ%ﬁi@?%’siﬁcoﬂ”ﬁ?@gﬁﬂ'}@ﬁ. The control

vol tage and/or current to the active si I t
. bl 0 ., For exa e, [t.he
sordL o abosd ko SRRy A OORRGE ol o ooy
| tage. 35 1 n eration, the active
TR R A L R AN P—
enerating a periodic output signal. The crystal
the ggt&\fq $! @Qf?o%ﬂﬁ.)ﬁtﬁi 3¢4,Jeducing the fieguency arrene” of f st at e.
In the off state, either all or a portion of the
cr j@124] os€igurati® shawsibataspeepaf anythiee lovo\wonest c¥cillater 350 for
conserve power. At a predeterm ned tine,
generating a periodic signal. The low power oscillator 350 includes a crystal
oscillator emulator 352 in communication with a charge pump oscillator 354. The
crystal oscillator emulator 352 is normally in the powered down state to reduce power
consumption. During the powered down state, either all or a portion of the crystal
oscillator emulator 352 may be powered down. At predetermined intervals, the
crystal oscillator emulator 352 may be powered up and used to calibrate the charge
pump oscillator 354. The predetermined intervals may be determined as a function
~of any circuit parameter such as operating time, temperature change of the

semiconductor, ambient temperature change, temperature of the semiconductor, and

supply voltage change.
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power is applied to the crystal oscillator enul ator

322. The sem conductor oscillator of the crystal

oscillator emulator 322 is then calibrated with the

stored calibration information. The frequency of the

out put signal of the crystal oscillator enul ator 322

is conpared with the frequency of the output signal of

t hd0429] ve Bhe changeoswnp escillatar354 trayl irciude aechdrge pump 356,
. frequency error of the active silicon oscillator 324.
loof fliter 858, wltagei @ndroll83 4scliiatrq(VO0) 360; RMdSshdse d&tector 362. The

frequency error, causing a shift in the supply

g I GLASE 050 SoTIGEOH) 30t LSANBr P hros s
oseBR 40 5 BAeh oL B Yl il 4 rcones

osci |l | at r,35? for generating a periodic signal. The
refqrgirs 6REK Sighel from e aryefal esilalos SELIAtgR 352,

oscillator emulator 352 in comuni cation with a charge

pudf18QLi | 1Atmultiplexer 1364 recgives| thesoutpudtsignalsufratmothe crystal

352 is normally in the powered down state to reduce

oscillatarr emutato352i and ther chiargehpunpvesathter®84st Wife of the output
either all or a portion of the crystal oscillator

sigriid i selectr aR@ paiSe d IMRILRH V‘Hlultiﬁie)&"r%tﬁ% 2&%‘%9 Ipcked loop

intervals, the 'crystal oscillator enul ator
- 0 e ed t j e l.he .charge u .

3605 ThERENAR HRfed It SReC bbb SitBiiC 5881 85 % duncion of the
determ ned as a function of any circuit paraneter )
°utglf}a«9raaés 388? ﬂlﬁ ?rysf@f ﬁﬁ?lW@@ﬁﬁaiLA@fef 852 mﬁgtgeaham% pump oscillator

sem conduct or, anbi ent tenperature change, tenperature
3%49f the semiconductor, and supply vol tage change. 36
[0125] The charge punp oscillator 354 may include a

chd@1@1Jounmpn peratidny dhe fahiatgs paffh oscllites 854 Astricafigl in the on
oscillator (VCO 360, and phase detector 362. The

statehgemeratinga qsariodic lotitputSdighal. STHe | ctysthl oBRafr &fuldlor 352 is
conventi onal charge punp
normally in the off state. In the off state, either all or a portion of the crystal oscillator
emulator 352 may be powered off to reduce power consumption. At a predetermined
time, power is applied to the crystal oscillator emulator 352. The semiconductor
oscillator of the crystal oscillator emulator 352 is then calibrated with the stored
calibration information. The output signal of the crystal oscillator emulator 352 is
compared with the output signal of the charge pump oscillator 354 to determine the
phase ervor of the charge pump oscillator 324. The VCO 360 is then controlled 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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oscillators, except that the reference input of the
phase detector 362 receives a reference clock signa
fromthe crystal oscillator emulator 352. [0100] A
mul ti pl exer 364 receives the output signals fromthe
crystal oscillator enmulator 352 and the charge punp
os&ilhgtor 354. One of the output signals is selected
and0p94k ed Refeginghnewdo higurep18xth, asvmtegratedotirasit 500 includes a
| ocked | oop 366. The phase | ocked | oop 366 generates

crystal oscillator emyralior £02athat generatesfa tloek sigrialut Oaé Brahsre circuits
fromthe crystal oscillator enmulator 352 and the -

504c e thye integrated witclitt 500 rééelve [tRd GlacK Bighafy, 2ty
charge punp oscillator 354 is normally % he oncrfsth? oscillator

emalbfra0ZeE Béiirﬂg{eg?&?ggoéysﬁeéﬂr‘ibeﬂltqb?)'\/lgrlﬁ" gﬂgﬁigéﬁﬁzl%igures 1-

oscillator enul nor na nt

In €. t (ther all or a rtiop of t

12'cr)-/rt§t% a?'%fgitgﬁq%ag%q ‘Fﬂci a(Rypeasser %g%s BWBr'BgS'S‘FFP 14 or other

. r@ducE power fonsun'ption. At a predetermned tine,

CiIrchtshe r AN LXiBFHR1 S@MRENant 806, sar| optiorally heyusedhtoaselect the clock
352. The sem conductor oscillator of the crystal

frequenry phther crystal asciliates eriudatoh662 aalshomat inFigares 13hnd 15.
stored calibration information. The output signal of

t h0t03jst aRefewing idwto Figires 96-135an iﬁtegﬁ@t@@%ﬁr@dit%ghncludes a
the. output signal of the charge punp oscillator 35

clodkOdRfier! 520" ehath ighals! H
oscil l ator 324. Q%RE@C%C?G%O %'gﬂ%lr?eﬁfjgon rgﬁ? ewc?re other clock
; S rr that ¢ tput signal o
frocl BAUEE (b ErEIRCS28 o208, - sind 922 Bl llbafuel Sisoilin522). The
. &%g# sriﬂggal, of the crystal oscillator enul ator 352.

circ @ beJpieseennacien te eagh othrrrinmnysanaseend Thecclock divider
gﬁgpl ied to the PLL 366. 37 [0102] Referring now to

520miyjdes she gloek byaan integer suckdas Xrand/or Altiplies|the efock signal by Y
crystal oscillator enmulator 502 that generates a clock

for HXgYadnd/an¥/X% adjustments. cTihé tlock divider 520 may also use one or more

additional ratios and/or divisors for producing different clock signals for other circuits

522. The clock divider 520 outputs N-1 clock signals as shown to N-1 circuits 522 in

the integrated circuit 518.

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

[0105] In Figure 18, the crystal oscillator emulator 502 provides clock

signals for a processor 530, a graphics processor 540, memory 542 and/or one or

more circuits 544 in the integrated circuit 518. A clock divider (not shown) may also
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504 in the integrated circuit 500 receive the clock
signals. The crystal oscillator enulator 502 can be
i npl enent ed as described above in conjunction with
Figures 1- 12. The circuits 502 can include a
processor 512 as shown in Figure 14 or other
circuits. An external conponent 506 can optionally be
be pestileds The erocadser SB0¢ graphicxprategsef 540)emermpdy 842 and/or other
oscillator emulator 502 as shown in Figures 13 and 15.

circuftd 3} rivey Béﬁﬁt@lﬁbdﬁﬁ‘élcféa iniy fittabfs d@npap | Nt egrat ed

circuit 518 includes a clock divider 520 that

ST IRIONE? SR A5, 1 o 08 g on
or g b B2 B2 ¢ L BT Aol i 2038 th b

cl ock divider 520 divides the clock by an integer _ .
powsrgscillator 3¢y whichoneraiescas dascrihastabeve)imtomjynatiorf with Figure
1/ X, Y and/or Y/ X adjustnents. The cl ock divider 520
11. m@neadktheueiecuitsemay include aapdicessovass shbivasatatld.0A clock divider
di visors for producing different clock signals for

(nobstiewn)ahag alsosbe prvidethas 8b8bed abslRy, 520 outputs N-1
clock signals as shown to N1 circuits 522 in the

| nirego Py ed Iﬁfepir:]%{ka eitbuitd U arkh t@%fﬁ@%ag%ﬁ@?iaorpackaging

the circuits udes a processor

B, B A R ok P el S5 B SRS 35y nctu
enul at or 502. Additional circuits 532-1, 532-1, and
pa@gﬁaq@r e&%ﬁ'ﬁﬁteéépée%i% af a lpadcframe by hondwires2 0The (0 sahstrate, the

In Figure 18, the crystal oscillator enul ator 502
bongires @nd partieks ofthglekds fmay be pnoassbirthejlastie. The properties of
graphi cs processor 540, nenory 542 and/or one or nore

the qiackaging rhdteriahthatds inoreailypuedd dh 'packbgingStheACChi¥ychange over
di vider (not shown) may also 38 be provided. The

timﬁ;‘%ﬁ?’ﬁéﬂqﬁe&?ﬁay 26388 ahosRlIRE6R $quefify of BRYNCcHE dscillator to drift
over time. The changes in the packaging may be due to changes in the dielectric
loss of the packaging material over time. The changes in the packaging may also be
due to water absorption of the packaging material at different humidity levels. As a
result, the packaging material may limit the achievable calibrated accuracy.

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

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

time, which may have an adverse impact upon calibration accuracy. As used herein,
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circuits 544 may be interconnected in any suitable

manner. [0106] Referring now to Figure 19, an .

integrated circuit 600 includes one or nore circuits

602-1, 602-2, ..., and 602-N (collectively circuits

602) and the |ow power oscillator 320, which operates

as described above in conjunction with Figure 11. One
thegermndielactiiciiass raigrs toclasseofaepergycthabevestuatiyproduces a rise in

610. A clock divider (not shown) may al so be provided
tempeeratese of bedietsotriceplabéd 4 hnl dltergatirigdlectrical fiéld. (Méating is due to

are typically encased in a packaging material. The

"mdlesiias fAticrrt 6f '@bol&@hi’tﬁlﬁ' HHEE nRateRbl @s tHee di ergl?s try to reorient
substrate may include pads that are connect

e 8 A B 46t T i

the plastic. roperties of th
whe 28 g JOntl1 B, & {TictonAve, dhR HIRBIcs, assseiates: Wit wetem the food
the 1C may change over tine. The changes may cause an
vibrgée and are hieated g $oms materials such faspcertain Iplastios are not suitable for
drift over tine. The changes in the packagi ng may be

usedire microwavegesince) théye abiserbetdo muchl est. oThéés materials have high
packagi ng material over time. The changes in the

dieleatrica sty chaactéilicBe CtHer trAatembRy sﬁéﬁ%?tdtﬁgr ‘i{lpéé“%f plastics

packagl ng material at different hum dit eve

t
cSTRIGL I LTSS il i S oy oo o
chelfotarnless o Agerites HraHire SipSaEBeA d1efgint &1ah opBrater &t microwave
art. As can_ be ap reC| at ed characteristics of the
freqsm%ﬂﬁ Iny dielegirio oamam?i&arargefanm time and/or as

a function of environnental conditions. For exanple,

whdf109F pablatari mbsomptioni af @4 plasticl miterigll asér time may also
material, the dielectric loss of the plastic materi al

adueaselyhmp;mt csatibrationmaccivacgh @Nc&aﬂﬁeﬁma%d‘éeh% dlelectrlc loss,
i npact upon calibration accuracy. As used herein
increased water content in the packaging material tends to increase the dielectric
loss of the packaging material. In other features, the packaging material may also be
a low stress material. High stress materials tend to warp, which may affect circuit
characteristics of adjacent circuits such as by changing channel lengths. As used
herein, the term low stress refers to packaging materials that tend to be stable and
not change the electrical characteristics of the integrated circuit due to changes in
stress. In some implementations, the packaging material has a dielectric loss factor

(DLF) that is less than or equal to Teflon at the relevant frequency of operation, such

as greater than 1GHz.
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the termdielectric loss refers to | oss of energy that
eventual |y produces a rise in tenperature of a

dielectric placed in an alternating electrical field.

Heating is due to "nolecular friction" of dipoles

within the material as the dipoles try to reorient

thenselves with the oscillating (electrical) field of :

t hd0AA8] derfRefagring newrtodi&nR1e an intagratedatirouit 7t withran on-chip
a mcrowave, the dipoles associated with water in the

seniconductdhostittaton @1 drveitihtembserature reonpratioh Ss SHeWnhcapsulated
certain plastics are not suitable for wuse in

in &ipAcRBGNGSMatere ?ﬁhebiaﬂh?(& low WfelBbfie ﬁ)gﬁtaccy?&ﬁgitgsthe present

materials have high dielectric loss c Iract_erls
. i . e | . .
InvEMRR! | TRe PacRaging et Tudiinay b5 @i%ﬂ%f%éﬂ%frf Mgferial having
i gl ic | . teristics. Since .
Iom)cﬁ?l%rgfrfc'sﬁaggé%: i &io ﬁ%r,egfc, Hﬁrﬁaérrg[) N péeﬁ%qtnﬁﬂe% s to materials
frequencies, lowdielectric |loss materials are _
havmge&pmtnq (pesdhatns lassobedron equaldd Teflorpbhst fetevant operating
material over tinme may al so adversely inpact

frequeincip rod the 1C a dher opsratifg freguente bf tresICintiyolbe above 1 GHz and/or
dielectric loss, increased water content in the

2.4p8HAYI MheMpagkagihg! AizArAI0 71AC QA CcdthBliSE L Téfflon®, Teflon®
lhI?a;?sot er fe tr\wé

| oss of the packaging naterial. . tures, |
oPST SRR b 0 S .eridal .
P°'¥|?gh str.riFggs na'ﬁ‘(a'%%rz(ﬁ enrﬁ?)t‘ oerm?af?)p?, Héﬁ(ﬁ@m;ﬂgﬁ%@ ethylene
[ it istiges of adj i [CclHts suc S
profybft conefiERT: Prifigroasah BER. Tatzed Ano ieionE aapolymer
I sttres refers to packaging materials that tend to '
of %?Eygf‘ﬁbﬁ‘ Mfﬁﬂuﬁ’tﬁetbwsﬁgé%f&%ell@tt¢eleaﬂnc loss plastic, high quality
characteristics of the integrated circuit due to
glass girgand/orother matarials.n Asy othempackagingahatenials hining dielectric loss

packagi ng material has a dielectric |loss factor (DLF)
thatt isdess sharess egihaintooTefisruate confbaiplatedat Thé %abﬁb@bé@_t%aterial also

frequency of operation, such as greater than 1
may+Rave relatively low water absorption.

[0111] Referring now to FIG. 22, an exemplary implementation of the
integrated circuit package of FIG. 21 is shown in further detail. An integrated circuit
package 718 includes an integrated circuit 724 that 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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[0110] Referring nowto FIG 21, an integrated circuit

710 with an on-chip sem conductor oscillator 711 with
tenperature canpensation is shown encapsulated in a
packagi ng material 714 having a low dielectric |oss

according to the present invention. The packagi ng

- material 714 may be a plastic packagi ng materi al
tymﬁxnfrnjiCkﬁgmgoﬁWhe@s batt gridsarray\éB@A¢dflipaship andidreaniyedtier suitable
“low dielectric loss" refers to materials having a

packagfirgy ttecliniqoe smiapabei emipisyfed MK e?l%@ﬁlm%ﬁt ﬁ?fd/&n others that

at a relevant operating frequency of th
pré@;ggéq,trmg,virequency of the IC may be above 1 G
and/ or .4 GHz. The packaging material 714 may al so

oo et 3%5%'?""5# b0 B bacancalternate infeapted irut package

efl.o fluori.nated ethyl ene propylene copoly
73{ #E‘ﬁljlgéspm iR i@fﬁp;raéwppqomn@n&a;eq rgerannandmtoo m@c)lator 741
copolymer of ethylene and tetrafl uoroethyl ene (ETFE),
acqngng,t@n@@ present mrﬁbﬂstlndhlsmmbowmm; the sEmisdnd@ditor oscillator
and/ or other materials. Any other packaging materials

74haompgses ahdategrated airsuit iffictds7T42S A §lEae |a§fe bbﬁded to the
Teflon are contenpl ated. The packagi ng mat

int dteﬁadﬁéuiteél.ﬂis'tﬁé?é 37’40QJ’¥"‘(@E1e\fergl?ﬁiﬂ'r%;r ﬁ%%ro'zé% él'tqe epoxy layer

eferring nowto FIG 22

75(9ﬁ1a§hﬁ}v BIoERIGEG sk, TraPERERTeF 24, Fie i Jeveribd and the

int tgdes n nte r_;%ped circuit 724 that i ncl udes pads
°P£ ediclyE Sykst Pregndapstiated in anactaging ceaterial760. In this
dwi | es 734 to the pads 728 of the integrated
casg,, flelecidc lags ofcthemackepingomateriat is fessgeriticalideé te the distance

i ncl udes an on-chip sem conductor oscillator with

between dheninductar Fdi@earahthieopackagihesmaterizi 76b0\7ﬁheref8% chahdes in the
of the | eads 732, the bond wires 734 and

dieleotriegioss ehdfor other chiftadtefisti@6f
packagi ng material 736. The packgzéfjr@(c '1"9 ﬁnlate/r?é 760 are less

cntlbﬁl & aﬁhﬂéﬁdr?gpﬂﬁl'é‘?‘gﬂaﬂe?@rg The ?)%g?@d‘ hg Inki2Walts %tl(gw dielectric

| oss. can be appreciate
loss material. While the glass layer is shown over the entire integrated circuit, the

glass layer may be limited to a smaller region immediately adjacent to the
semiconductor oscillator.

[0113] Referring now to FIGs. 24 and 25, an alternate integrated circuit
package including an on-chip semiconductor oscillator according to the present
invention is shown. This embodiment is similar to that shown and described above in
conjunction with FIG. 23. However, the glass layer 744 defines a cavity 746. The
cavity 746 is adjacent to, aligned with and extends over the inductor 742. An air

cavity 752 is formed between the inductor 742 and the glass layer 744. A thin epoxy
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41 types of packaging such as ball grid array (BGA),

flip chip and/or any other suitable packaging

techni que may be enployed in this enbodi ment and/or

others that precede or follow [0112] Referring now

to FIG 23, an alternate integrated circuit package

738 includes an on-chip, tenperature-conpensated
laygeAb@ i fnronast betwsien theoglasst layen Jaidr aindithe ntédrataa eisuit substrate

invention. In this enbodi nent, the sem conductor

74® scatdastather thah théfﬁw'itf 462 MR GRS MW 74 ﬁlﬁ'é/tbe etched to define
i nductor 742. A glass layer 744°is bonded to the

e Sy e i Adeaf) 03 gt 0 Pyt i
vl fnd B BibEhet Bl id B, o

at I n.a packaging material 760. In this
igﬁfﬁkﬂwe g‘ﬁ%#eé%'%g EQWI tgglfc,lcgfza,wecm@g iof @nnen-ehipasemisonductor
|less critical due to the distance between the
osqillaieic may be2adiugtech baped kipgim demperatire cafipensation as previously
Therefore, changes in the dielectric |oss and/or

desuribed abbeearseearsbb eppriciated, ROWSAEH, MYbrBBrE otiRdr WA of adjusting
are less critical as a function of tine. However,  the

the miﬂéﬂh? grd\%:itelﬁ&i/ MddpRndBht frBHﬁ ijﬁkﬁrgé] g%ca é)c?tg{ @nd/or inductor of

mat eri a e the glass layer 7s ver

the%ﬁiié@nddd&&%s%‘ilf%‘??rci rcuit, the glass layer may be

[Tmted to a smalTleér regionimrediately?djapent tot
th 1 C ctor oscillator, [0113] Referring nowto
F1 Qo118 aﬂged#éﬂ?"gar‘f'o&i {@rFS-e27 nBgintearated cirauit 830 includes a
ackage including an on-chi p sem conductor oscill ator
fracgi Qi

opak @hage tlockerd lpep A3 withae terpersitsres bompengition input. The
enbodinent is simlar to that shown and descri bed

fractiooale phase dockedhdoopr83si irtiddds iﬁhak@"@tﬁienc? h@etBb@®?S836 that
| ayer 744 defines a cavity 746. The cavity 746 is

recéidpsiCamtolitput alfl ¢l dntelgkdtedNeirdlit Y¥ERIatHCB32NGvhich operates as
i nductor 742. An air
described above. The phase frequency detector 836 generates a differential signal
based on a difference between a reference frequency and a VCO frequency. The
differential signal is output to a charge pump 840. An output of the charge pump 840
is input to an optional loop filter 844. An output of the loop filter 844 is input to a
voltage controlled oscillator (VCO), which generates a VCO output having a
frequency that is related to a voltage input thereto. An output of the VCO 846 is fed
back to a scaling circuit 850. The scaling circuit 850 selectively divides the VCO

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

have other values.
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cavity 752 is formed between the inductor 742 and the

glass layer 744. A thin epoxy 42 layer 750 is fornmed
between the glass |ayer 744 and the integrated circuit
substrate 740 in areas other than the cavity 746. The

gl ass |l ayer 744 may be etched to define the cavity

and di pped in epoxy. Adjacently, the glass |ayer nay

i ncﬁoddﬁfrrul'ﬁn powtpul af ethe scaliigasircait 850 is dedt bacle to the phase
| ayer has a cavity formed therein. [0114] Referring

frequiskcycddte6lor 336, A d8Rperdtare Sbndor 850 Al ures a dtem?oerqature of the

sem conductor oscillator may be adjuste ase
intechteRr REIE SR0TRCEC ecioh ot ] Ry JstilgES 652, < The Hemperature
sorffitBeh BRPUR Smiampttig v9Eel Matols disendp opddress calibration
i"fqi!zﬁ\%ﬁ% %5@0{’1’8%\}3[%0%0"32%% %ﬁ? 33\'S|a-‘|§§égtr§d rq[atl}tli%a%lesdnformation is
includes a fractional phase |ocked |loop 831 with a

usedetppadjusiithe saaline eirawit 860i rithe selEbted dalibeatiornimforpiation adjusts a
| ocked | oop 831 includes a phase frequency detector

rati6 @6 thendivisors NeantN+anhatdeUised by the dcalifg cabaiggir cui t
oscillator 832, which operates as described above.

Th f r o83 Jf :
di AP TR AReeHs a?‘°“§f§§§!1@b%§?%.9??§%@%h@%m& Phase locked
VCO., . e
loof 58 P8 EnapAInEN Mitadet ot BBliaint Fotense pperstur
hal ti
corfisfbatiofiapuls e peleeted il brtiamgrargiagonis ueddaadist an output
input to a voltage controlled oscillator (VCO, which
of & SigmaReltaamedalaten $10. Thei sejectedfealigtationyinfdratation may adjust a

related to a voltage input thereto. An output of the

modigiaticn betwedrethe divistrst andsdal i ave Uewd bg&ﬁ@ scaliy circuit 844.
scaling circuit 850 selectively divides the VCO

frqonesry Mefdiriig Now- tdWIGE 29, 20 holl £hdHVOGE ifustfaies steps for
enpl oyed, the divisors may
measuring sampling calibration points using a linear curve fitting algorithm to
generate the calibration data. Control begins with step 902. In step 904, control
measures sample calibration points at a 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 908, control ends.
[0119] Referring now to FIG. 30, a flow chart 920 illustrating steps for
measuring sampling calibration points and using higher order curve fitting algorithms
to generate the calibration data. The steps shown in FIG. 29 may be implemented

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

902. In step 924, control measures sample calibration points at a plurality of
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have ot her values. 43 [0116] An output of the scaling
circuit 850 is fed back to the phase frequency
detector 836. A tenperature sensor 850 neasures 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

temperaiiiee s sigpi$6atigher ardeneunieififiingsalgorithuns are used taigenerate
in menory 856. The selected calibration information is

curves fon athedjamperature ointstiptween dhe s@dfple points.clrestepdd28, control
calibration information adjusts a ratio of the

endb.visors N and N+1 that are used by the scaling
circuit 844. [0117] Referring nowto FIG 28, a

Del [‘og%q gwméfeﬁ‘?ﬁod OnﬁéwPh?@goﬁtﬁged.af@gg $52vgﬁo§§om@xemplaw

for ntegratea clircult t 1nc

. conpensation..input. The | ect ed

imel GBS Br 1 BRAEFE iy Shuof B0 shawic, RiBring bowgaiFIG. 31A, the
of a. Sigma Delta npdul ator 870. The sel ected

preggn} m\@gﬂ% G¥ benipplemeantgd dajaidard digkdinve: 1600. The present

_ between the divisors N and N+1 that are used by the

inventign roay i implemestany| Gitégiatéef eirouitnguciovas oeithed oR%oth signal
a flow chart 900 illustrates steps for nmeasuring

prosesgihg afdwklcohtrof tircuiteO Which & géhetally RRAIRIEY Y FIG,
fi tti?}g algorithmto generate ?]éhhe ca){i bratlleor|1 g!’;\(%amA at 1002.

In I j i~ M i St rol. .
Sl P aRans e P ioceb g’ G080 ot bl ooz anc
DerAt t saddear  curve fitti .
ot AR HEP e BB 1138 Ao 58, Gtk bl coing ancror
tenperature points, between the sanple points. In step _
e"%ﬂg],%"c @ﬁFfIPHF‘ -“é\'f‘d@?f'qu 99}1?%69@?@# daa thabisteutpuido aywl/onreceived
flow chart 920 illustrating steps for neasuring
frory #nipRpRetic storageamediumdiofbs and usi ng hi gher or der
curve fitting algorithnms to generate the calibration
dat[@12The STtrepBiDINAG00i maficomrAGnicate WithiaTAbsNB&ViEs! (not shown)
such as a computer, mobile computing devices such as personal digital assistants,
cellular phones, media or MP3 players and the like, and/or other devices via one or
more wired or wireless communication links 1008. The HDD 1000 may be connected
to memory 1009 such as random access memory (RAM), low latency nonvolatile
memory such as flash memory, read only memory (ROM) and/or other suitable
electronic data storage.
[0122] Referring now to FIG. 31B, the present invention can be
implemented in a digital versatile disc (DVD) drive 1010. The present invention may

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

control circuits, which are generally identified in FIG. 31B at 1012, and/or mass data
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using a conputer that includes a processor and nenory.

Control begins with step 902. In step 924, control

neasures sanple calibration points at a plurality of

44 tenperatures. In step 926, higher order curve

fitting algorithms are used to generate curves for

ot her tenperature {Joi nts between the sanple points. In
St°§49§p°§§!§n%é@1tqf e 1@4Us Theosigoal pesicessinggandior tontrolGsircuit 1012

31 A-31 G various exenplary inplenmentations of the
angfoeether ciravits(rairshawe) s theDVIRE 010 iy prasets datd3perform coding

31A, the present invention can be inplenented in a

andier enéryplionl pafork? @8iculetnB! 8R&/T fohﬁé‘ledﬁth_otﬁﬁf%y read from and/or

i mpl ement any integrated circuit such as either

' ' I its ich .
datd it 610 ot SETR08 InAtiirefofe 3l S 1@?%%entﬁ§@aﬁ@he signal
[ . [ [ I [ contr o]
progBRee Bhttr Satiinl ctoull a2 /Bt Biter (Tsuts HadhshownY ethe DVD
HDD 1000 may process data, perform coding and/or
10U ean pisederigt plhemfengtions such es, ergngling andiomdecading and/or any
that is output to and/or received froma magnetic

othet signgkpnoeessing firasions @s8ddiatEuewitivd DD Wrivay
communi cate with a host device (not shown) such as a

corfjodR8y . M DY/ @Rve 1079 rﬁﬁyidéﬁﬁnﬁHEQt@Witﬁgrﬁﬁ/@%ht device (not

digital assistants, cellular”phones, nedia ¢
SNMDLSIc 38 S RO Py ABH R0 o BV e wired o
w8 B SRS T 058 S i mas
dati T 1By 1t lai Gt el inooplatisaranaeo: The mass dat storage
Referring nowto FIG 31B, the present invention can
101 may include a hard disk drive (HDD). The HDD may have the configuration
shown in FIG. 31A. The HDD may be a mini HDD that includes one or more platters
having a diameter that is smaller than approximately 1.8”. The DVD 1010 may be
connected to memory 1019 such as RAM, ROM, low latency nonvolatile memory
such as flash memory and/or other suitable electronic data storage.

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

signals in either a wired or wireless format and generates HDTV output signals for a

display 1026. In some implementations, signal processing circuit and/or control
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i mpl emented in a digital versatile disc (DvVD) drive
1010. The present invention may inplenent any
integrated circuit such as either or both signa
processi ng and/or control circuits, which are
generally identified in FIG 31B at 1012, and/or nass
. data_ 45 storage of the DVD drive 1010. The signal
cirguiio 4@24 ang/airather ciseitsr (ot showini) tof 1ha HDEVAIO20 mialyeprocess data,
circuits (not shown) in the DVD 1010 may process data,

perfem codingoaindYor eatd/ption epsrfuih i cilcul@fsrisOfdRmat data and/or perform
cal cul ations, and/or format data that is read from

Bfie? ' ; , fal orage medi um

an?11016. Wprggﬂ'ﬁ%?w @Sﬁ%ﬂﬁ%ﬁhﬂﬁ,&ypﬁé’eé@%d;l processi ng
and ont i I 4-~1012 and/or .other. circuits (not
Sholfizef 2" T sl Ve fial Eeipicaie wittomiase dsta slorage 1027
gu ctions such as encodi ng and/ or decoding and/or any

thah Stlps Jaiadn prswuelaticymanneari sieh as swiical sadier tmagnatic storage

DVD drive. [0123] The DVD drive 1010 nmay conmuni cate
deviges, Ahlesast pne HDimay have the lconfiguratioh shewa indfiRIt34A and/or at
tel evision or other device via one or nore wired or

least ore 8D cuaythave e configuritiori 8hdwn THeFIBYB1B01Pha®IDD may be a
communi cate with mass data storage 1018 that stores

if#HBDI tha ineAibel Ghd
a0 el et SHo DE St s GaViR B 1BMREY b5 gyrater than
: nfi ¥ats owl in FIG 31A., The HDD
appiBiifnate, £80, HaHONY, R0 Be conpedshitarmemeny 1028 such as
Vi di ter that is smaller than approxi mately
RAKF é#.BRAFﬁIQWD?ﬂgS'i@i@%M?'aB'@ MR Bleeh @ memonoand/or other
.such as RAM ROM, |ow |atency nonvol atil e nenory
SU'@E&elﬁtmwsmtﬂéﬁmg&aHb;edwl D?L'{/h‘EOZQSaISO abd\esepmart conhections with
data storage. [0124] Referring nowto FIG 31C, the

a Wi-AN wia a WikANtnedworkeintrfacei 19f8%ment ed in a hi gh
definition tel evision (HDTV) 1020. The present

ggqg;t%ﬁ};p ngr:nr?gﬁgﬁtg} Flgar“.g%ie lgts ?% 62&;%;1’8 Erfv%HitiBn SHplements any
integrated circuit in a control system of a vehicle 1030, a WLAN interface and/or
mass data storage of the vehicle control system. In some implementations, the
present invention implement a powertrain control system 1032 that receives inputs
from one or more sensors such as temperature sensors, pressure sensors, rotational
sensors, airflow sensors and/or'any other suitable sensors and/or that generates one
or more output control signals such as engine operating parameters, transmission
operating parameters, and/or other control signals.

[0127]  The present invention may also be implemented in other control

systems 1040 of the vehicle 1030. The control system 1040 may likewise receive

signals from input sensors 1042 and/or output control signals to one or more output
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control circuits, which are generally identified in
FIG 31 E at 1022, a W.AAN interface and/or mass data
storage of the HDTV 1020. The HDTV 1020 recei ves HDTV
input signals in either a wired or wireless format
and generates HDTV output signals for a display 1026.
I.n s i npl enent ati ons, signal processing circuit
deVifies d0%4.rIhrsome iraplemertiationso e Ganirahsystarer! (4Ormay e part of an
(not shown) of the HDTV 1020 may process dat a,
anfrdockobrakingisysiean(®B8), ancavigatiam syster, ar telematics system, a vehicle
cal cul ations, format data and/or perform any other

telempticoysien, arlane depatturddystony, 5% ddepHié Wuish fdom
The HDT\); 1020 may cor??mni cate with nad?gﬁg%sgu'gtéoragﬂgl system, a

voliiaR entpahnrt SRRTbAch o S8R0 D GuBAR ding M sk st

2 the confiquration shown in FIG 31A
ot a%g%%mgﬁﬁ%eowtg%gbﬁg@ have the configuration
shom}aigi Flfh 31B. The HDD may be a mini HDD that
i nc onéNgPowsain eentegl Systam 1932 meyresremunicate with mass

is smaller than approximately 1.8". The HDTV 1020 nay
datgestornaect@44i that sieesrdata (2@ morvlatite nizivier RMe s data storage
| at ency nonvol atil e nenory such as flash nenory and/ or

1048 tmay inchideiptical 8nd/op thag RSt sforaé @RvichE ol -&W%am disk
a

al so may support connections with a W.AN via

drivie MDTK ahBl? V08, 1ARast 8!1!3%?ge@%y;ﬂaggytﬂgﬁﬂtngigﬁg&@a shown in

31D, the present 1 nvention Inp
[ [ tem qof a yehicle 1030, a WLAN
I $05 ) A BAH S YRFED S 8 oo ic. o1
c ol _system. ] 0 i.mpl enentati ons, the present
The Hﬁlﬁtm%x%mmnbﬁpi{%mvm enediitinere plaiteeshavisg a diameter
that receives inputs fromone or nore sensors such as
tha isrgiealiarithan appsesimately 4 ur Ehe @owertainraonirol system 1032 may be
sensors, airflow sensors and/or any other suitable
corgeatast to amerhory 1047 suheastRAMOIROM, low latency nonvolatile memory
such as flash memory and/or other suitable electronic data storage. The powertrain
control system 1032 also may support connections with a WLAN via a WLAN
network interface 1048. The control system 1040 may also include mass data
storage, memory and/or a WLAN interface (all not shown).

[0129] Referring now to FIG. 31E, the present invention can be
implemented in a cellular phone 1050 that may include a 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

48



or nore output control signals such as engine
operating paraneters, transm ssion operating
paranmeters, and/or other control signals. [0127] The
present invention may al so be inplenented in other
control systens 1040 of the vehicle 1030. The contro
system 1040 may |i kewi se receive signals frominput
outniit SISS auphas adspeaken tandiorcaudio dutpitgjaek satdisslag 1060 and/or an
nore out put 47 devices 1044. In sone inplenmentations,
inpub elevivet 1062 sush eis 4 AEYpaBY pbMtiRG devide, AlbicéHctudtBhand/or other
braki ng system (ABS), a navigation system a

inputdeviel %é¥i§h§%ro@e¥§ﬁ% ggglorto'ﬂn?@&ia@g 1’@# Bhefdr other circuits

| ane departuré€ system an adaptive
(R 8 BT BRI TR Sibrres e pertaimgeding andior

' . tati . t | ated. [0128] Th
end73RAF AP RO S eI dariaiodeieh phdlmberfarm wthen belliar phone

mass data storage 1046 that stores data in a
funeligN®| atil e manner. The mass data storage 1046 may
i ncl ude optical and/or magnetic storage devices for

exaf@136] har Thelicelulad phoss 1 b@@n@é}ﬂé@r‘nn{?}fﬁ&te%g{ @%%% flata storage

one HDD may have the configurati'on shown 1n
O e siirep g 'S G IRle pGr SuERTeS MARH Feror magnetic
stofde, UeiEed i arbBb it MaiChives HOLS afg/asdREbe: Atiesst one HDD
maf e Jue BATHGURaiPn SORW 8 BH2, SHb agict At ieasronerGVDatanhave the
s flash nenory _and/or other suitable electronic data

cordigyrafipn shawn gbiks.t318.n ThediDPohag pet 2 midiokdDDathab indhydes one or

support connections with a WAAN via a WAAN network
morenplatters: baviog & diameterathat isl sraatkiraRad %Brd%aﬁilyz EIS The cellular

i nclude mass data storage, nmenory and/or a W
phorie ¢05@.¢Ray de! caltectdt 8 memory 1066 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other suitable electronic data
storage. The cellular phone 1050 also may support connections with a WLAN via a
WLAN network interface 1068.

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

source such as a broadband source and outputs standard and/or high definition

audio/video signals suitable for a display 1088 such as a television and/or monitor
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[0129] Referring nowto FIG 31 E, the present
invention can be inplenented in a cellular phone 1050
that may include a cellular antenna 1051. The present
invention may inplenment any integrated circuit such as
ei ther or both signal processing and/or contro
circuits, which are generally identified in FIG 31E
andfor ofgr video andliurandier dutpet devices. The sighal prodessingearef/or control
the cellul ar phone 1050. In sonme inplenmentations, the

ciraits! 1084 antionoti&SEirduits! (HEE8hewR) 6f Bi188Coh4RSk 1660 may process
audi o 48 output 1058 such as a speaker and/or audi o

o HTTony S iy i Bl o s
oo M AL 1 ST % e

cirgdi ot shown) in the cellular phone 1050 may
pr o@ggi dat( ﬁhe 5t e rRXo 4031 ra@ commusnicatepwitio mass data storage

erformcal cul ations, format data and/ or perform other
10§Q=M|Ia1| stprgshdata inf amanvolatile nars@r. Thise cradsutata sto 1090 may
1050 may conmuni cate with nmass data storage 1064 that

inckider epticahiaadior magnetickirage dEvitee' fo lé‘kanﬂﬁe Rard gfgk drives HDD
and/ or magnetic storage devices for exanple hard di sk

F DD V] ;?'P@ F}R% t.
an%ygafi gu#gﬁ%%ﬁz?\?ﬁ? PF}D_DFI%?)L g‘%z&atﬁgf%r_ F gs?ﬁ%ﬁ'% 'H%G' 31A
andPa{ st E18 0B AR Heh B hcitin Aty A P B The HOD
. ; ; | h
mef it ol BLD Thal Noiles cna gr dnorepAiBHeTs: Davingey diameter tht i
connected to nenory 1066 such as RAM ROM | ow | at ency

smalarvhag pperaximetely S.8h asTHe ash toprimxy 1880/ may dbdasbonnected to
suitable electronic data storage. The cellul ar phone

memssy 1994 osuaty as URAY, tROM) riewt latarcywhdrivalati AeMbAy 8uch as flash
WLAN network interface 1068.

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

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

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

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

and/or a point-and-click interface via the display 1107 and/or user input 1108. The
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[0131] Referring nowto FIG 31F, the present
invention can be inplenented in a set top box 1080.
The present invention may inplenment 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
medigdplayend 380 fudber incindegaroaudioccoutput 1 6RO Isash E388 sp&aker and/or
set top box 1080 receives signals froma source such
audis autpuiopatkaThessighalepritésSingParidios Canfal Sirdlid/ #1104 'a‘Bu'E]/or other
definition audio/video signals suitable for a display

cnrclﬁigg(n‘fwCsihoﬁ\m)Ebftﬂilleeﬂieﬂiao'?9Ia3’2>‘|[i)|{J ﬂoméé Efoc%ég (ﬁﬁgl gﬁrform coding

ot her video and/or audio o

anG555540n M, S o e o

es dat a, perform codi ng and/ or encryption,
p'ag%rr Ral cul ations, format data and/or perform any
ot her set top box functlon [0132] The set top box
d0134) cohheimegia player H 198smay atommubicatpewith (88ss bata storage
stores data in a nonvolatile manner. The nmass data

11141 dhayestd@80daty suchcasdeoniprésstd Fndicande&ided content in a
storage devices for exanple hard di sk drives HDD

norivdilithé ridivser. An s&RstiniiémBRiatioh kh;?)’ gcr)rtnE?eﬁsed cudio files include

configuration shown in FIG 31A an

fi Iegg%t”?r)é %ﬁﬁllérﬁ %VIﬁ'P M&? ﬁ{g‘[ét ocﬂ' Cc?tﬁgwgu 1&% F:;S‘n}pg%gsed addio and/or

ha
vidg %0 rtmeartﬁa?% r”n%sg 215 frage ey, nshuce; oaisalapdlps magnetic storage
connect ed to ry 1094 such as RAM ROM | ow
devicassios pxammehand qhe% dtives DD endies DVDs hAt leasboye HDD may have

and/or other suitable electronic data storage. The set
thet opnfigurati@8 Gshava in nfEls. s BpACahd/pnate fédst nenavi DVDa ¥y ANave the

via a WLAN network interface 1096. [0133] Referring

configurdtionFdHowrdih KG.t318. PTRE HDDI e Bl LMiMFIDDBRNat includes one or
more platters having a diameter that is smaller than approximately 1.8". The media
player 1100 may be connected to memory 1114 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other suitable electronic data
storage. The media player 1100 also may support connections with a WLAN via a
WLAN network interface 1116. Still other implementations in addition to those
described above are contemplated.

[0135] Referring now to FIGs. 32A-32D, an integrated circuit package is
shown that incorporates an annealed glass paste or epoxy as a layer and/or “islands”

adjacent to one or more selected features of a silicon wafer. One or more “islands” of

the annealed glass paste or epoxy layer can he made on portions of one or both

51




i npl enmented in a nedia player 1100. The present
invention may inplenent any integrated circuit such
as either or both signal processing and/or contro
circuits, which are generally identified in FIG 31G
at 1104, a WLAN interface and/or nmass data storage of
_the nedia player 1100. In sone inplenmentations, the
sidesdifahe silicon wafeoo In FiGUERA, an dilterrtaty inte@rated direuit package 1200
user input 1108 such as a keypad, touchpad and the

indlides. a silice® WRfémPRE4Te Ahadrirdated %;Iass FReteigyep e Eoﬂtm 1206 is/are
may enploy a graphical user interface (GJ) that

forgdﬁgfl ofl the %ﬂ%ﬁyﬁg@”.‘fﬁ%.ﬁr rﬁ&%gvnfrgﬁféﬁ%ﬂ g?g%l may be used to

nd/or a point-and-clic nterrace

r 4 pput..1108. Th 0 pedia player. 1100
engdp @R P br WALt MR bIFY Siarpli 20805 a0 cAinBalel iass paste layer
eaker and/q udi o ,out put jack. The signal
12§$ &% eﬁﬂé?&%aeeﬁtm Stress (qer timer 1 Hheannesled glass paste layer
circuits (not shown) of the nedia player 1100 nay
1206 dends tdasalatpallf o patodi the silicdn owafenct20# from variations in the
perform cal cul ati ons, format data and/or perform any

diefddire propérties suctyas dielatrtic R3s df e Molding ngdtial P2G0/er

1100 may communicate with nmass data storage 1110 that

st Opﬁl%efjlf'it aTAE Slicdh \ﬁ&fﬁ?r%ﬁeﬁaﬁﬂﬂklﬁdgg‘éﬂn{ggﬁ\%ﬁﬁ&or oscillator as

content "in a nonvol atile manne
j [ , C resse udi il es i.ncl yde

de#‘?ﬂﬂees a\?et' a?gécao feéjgg}%\fngﬁ?s?ﬁ%yf%%&ﬁ WYdPﬁ'QHe a glass paste
suitable.c ressed audjo and/or _video formats. The

hayipg & 5%\?%"@(”@%38"%’919 f?dwal%réttsst i e loyn anpealingtesoperature may
storage devices for exanple hard di sk drives HDD

be Jawenihanvademperatuees thas woulibtlamagentheesilicore wafer 1204. The glass
configuration shown in FIG 31A and/or at |east one

pastelayery1 206/ maylinclude glassfrit paste. STH\gldss gaste |a3bBmay Be applied
HDD nay be a mini HDD that 1ncludes one or nore

in anypéiitible ARNNBE The ighiss! Misté Rifer htaySb@hbplied (8ig a screen printing

approximately 1.8". "The nedi a
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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pl ayer 1100 may be connected to nenory 1114 such as

RAM ROM Ilow latency nonvolatile nmenory such as

flash nenory and/ or other suitable electronic data

storage. The nedia player 1100 al so may support

connections with a WLAN via a W.AN network interface

1116. Still other inplenentations in addition to those
conthtive reatesinby €Tt eondunttivepinaterihl 1083521 Raéndd itd Jed@k electro-

to FIGs. 32A-32D, an integrated circuit package is

maghetli¢ intériérents Hon® brlcrhalevieacal ed gl ass paste or
epoxy as a layer and/or "islands" adjacent to one or

AR FIGE A o irtediandd Ml %C'é%ﬁ"zg”ﬁw‘fwes the

h 51 sides
anw@e@%ﬁ%%ﬂ% or {25 v&flcrg%f\ar?élwb It selRgied porions of the silcon
i nt egrat ed CIrCUIt package 1200 includes a silicon
Wafﬁéf"@%"rlzlmf: G320 nanintagrgted sirpuit peckage:1230 includésoine annealed

1206 is/are forned on the silicon wafer 1204. A

glase| phsig ontepuxyl poERMsnaL06eand ethet condoctives whatefialal1212,  The
or part of the silicon wafer 1204. The anneal ed gl ass

coritiietite | MEtirial 1200 MAH0 coRSIUERS ahhBaled2gRRs! ﬂz&%rlsgér 1206 while

over tinme. The anneal’ed gI ass paste | ayer

tOUEﬁlnpﬁﬁlﬂ?o@ququheoﬂﬁéq *el?'el2<6'4| icon wafer 1204 from

varFati ons r| C propertl es such as

0 S . ARBFORS b0 TELFIG, TBCEAE Aot i i

|IIator as described above. The anneal ed gl ass
PH%QQ% argy showpodn nfehS 1334, uere altegnatesintegnated Ieireuih package 1240
relatively | ow annealing tenperature. The | ow
includes dhe agnealed glassupastetayer 1206@uet theheomdactivematerialitayer 1212,
that woul d damage the silicon wafer 1204. The gl ass

whighire Ibeated atiffentay cirosit @dmp@*\éﬁt‘s 1242 op@id §|th|’0 Wafer 1204. In
gl ass paste | ayer nmay be applied in any suitab

Flmganprgiﬁﬁrtrﬁt%‘ﬁﬁeﬁﬁai&? clrédl?'baﬂﬁé/gé’em@@%élﬁ&é‘?ﬁ@%ﬁealed glass
paste layer 1206 and conductive material layer 1212, which are located adjacent to
an oscillator 1252 of the silicon wafer 1204.

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

conductive material layer 1212, which are located adjacent to oscillator circuit 1272

with an inductor 1274.
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approach, a di pping approach, a maski ng 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 |ayer
1204. The conductive material |ayer 1212 may include a

| ayfo14a] coTHe @nnealedafiasy pasteciagendids ibigs REeHucR' the change |
Iazgrr‘I 1!|212 may bg apeplegi]ed gg a Flyqui’g ang CEBrie% %ch ange in

SrGBIre VBBF Gy 0158 aFARIGE oS SR o prt o

e BSPft HT e, SBAELAE s o B s o

ns  t 52 conductive material. The _
"hef:ha ﬁg%g{%@epﬁaﬁ a0 be partisulagy rdvaptagaausewhen attempting to
el ectro- magnetic interference from external devices.
calibpated)sing temperagige asztescribed abowe. ci r cui t package 1220
i ncludes the anneal ed gl ass paste |ayer 1206, which

i s [142] ed Referdhgchew ko' FIGES 34A-80B, Saltdraste imég?éted circuit
1204. In FIG 32D, an integrated circuit package 1230

P24 88 S ROrEORSCA, e 5 BB B B s an
' e | ayer
ola§EBEGHfon e yiriaien bGP atinpreriar & pdoen walalr In FiGs.

i . -33D, alt t
344398, IIPGTRE! R PaSHeRSy 50 RNA1D Iluse @ SliRon aweter 1304,
alternate integrated circuit package 1240 i ncl udes

Anngaled glass) raste Pagions 4306 areyfermat 06 thesilicor walerd1804 inea spaced
material |ayer 1212, which are |ocated adjacent to

apayt rejationshipp dihenAGPLRdRiIons 1306 Malyi e fortideas §@8dribdd above. A
FIG 33B, an alternate integrated circuit package 1250
moldiy] Hdsridl 1808 b8Us#2 Fost-processing of the AGP portions 1306 may
be performed such as polishing or other steps to provide a planar outer surface.
[0143] A glass or silicon layer 1310 is supported above the silicon wafer
1304 by the AGP portions 1306. Epoxy or other adhesive binding material may be
used to attach the glass or silicon layer 1310 to the AGP portions 1306. AGP
portions 1306 and the glass or silicon layer 1310 form an air gap 1324 above an
oscillator 1320 in FIG. 34A and/or any other circuit 1322 in FIG. 34B. The air gap
1324 provides the material (air) having the lowest possible dielectric loss. In
contrast, when crystal oscillators are used, the air is needed to allow the crystal to
resonate — in other words, the air is used to allow mechanical oscillation.

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

include a silicon wafer 1304. Epoxy portions 1342 are formed on the silicon wafer
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paste | ayer 1206 and conductive material |ayer 1212,

which are |l ocated adjacent to an oscillator 1252 of

the silicon wafer 1204. [0140] In FIG 33C, an

alternate integrated circuit package 1260 i ncl udes

t he anneal ed gl ass paste |l ayer 1206 and conductive

material |ayer 1212, which are |ocated adjacent to an
130hdu& apaqez%apatt relagionshipc o hecgpoxy I@irtiond H842nmhayt ne formed as

1262 may be an on-chip inductor such as a spiral

describect abovd.n FdsBpraceasirit] oflthe ehwk§ porfibd1308%may be performed
circuit package 1270 includes the anneal ed gl ass pastg

sl SocHaNRG LGOS o Yol et BUEK o, HIER or sifon
oyBES7B5 opbAkd o B g 307 b 8adE bions 1042

time that can occur. The anneal ed gl ass paste | ayer

Eppxy, o, other aqhesiveaipdings material snay be msedrterattachrihe glass or silicon
variations in the dielectric properties such as

layar dBQ tte ithe lepoxy portianse1342.diTig partions d4B06 Endsthealaybe 1310 form
particul arly advant ageous when attenpting to

an airl gep $324 above ah ospHatirI3206a RISS 84ChatH/aPaNg otr{e{?%g@ﬂ:it 1322in

Referring now to FI Gs. 34A-34D, alternate integrate
FIGI34Dit packages are shown that include anneal ed
gl ass paste and/or epoxy portions and a glass or

s | i b ti, f -
o 8L, ) BerdrR IS Mg e bl oRiBitee creu
. i ncl ud il f 1304.
pa R PR ARotRn Dok ot inctin i romion a0 ai gap. I
silicon wafer 1304 in a spaced apart relationshinp.
FIGrh35Acanpptegrated qipndt pagkage the 1880 4bclidesra BGtishaped glass or

_above. A nolding material 1308 may be used.
sili¢ars portionct389 that definbs ahGir ganbt 1384 TREBCMR8haped glass or silicon

performed such as polishing or other steps to provide
portion| F38% iyt RiclUdé iftihle sections that are joined together. The air gap
1384 is located above an oscillator 1320. In FIG. 35B, an integrated circuit package
1390 includes a “C"-shaped glass or silicon layer 1382 that defines an air gap 1384.
The air gap 1384 is located above a circuit 1322.

[0146] Referring now to FIGs. 36A-36C, methods for making integrated
circuit packages described above are shown. An integrated circuit structure 1400
includes a silicon wafer 1404, a plurality of spaced AGP and/or epoxy portions 1410A
and 1410B (collectively 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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[0143] A glass or silicon layer 1310 is supported
above the silicon wafer 1304 by the AGP portions
1306. Epoxy or other adhesive binding material may be
used to attach the glass or silicon layer 1310 to the
AGP portions 1306. AGP portions 1306 and the glass or
silicon layer 1310 forman air 1324 above an
osdDTAE or 101G, SAB-AtS SBarn Maieiol 40 ynay, Meluds: oot more bond
1322 in FIG 34B. The air gap 1324 provides the

padset420. aCuftmg 9f theviayer 14@8 labid44-1pand i1di1d-2inedyebe oiffset from the
loss. In contrast, when crystal oscillators are used,

cuttiritf ofthe isRicHR SesTer o 121403Vt ftﬁoﬂ&é%l@érah@e fb?%&ﬁéﬁlﬁg “bondwires

in other words, the air is used to all ow nechani ca

oS e 5, R S g e
e i BB i e Wi

The _epoxy portions 1342 may be forned as described
abdoég 8lPos Refewings apwg te FiBse HfoRYBp@n injagrated ainediy package
be perforned such as polishing or other steps to

1450r indlutiesa apsiican waferr withr §paced Anpealed glassi pastenand/or epoxy
| ayer 1310 is supported above the silicon wafer 1304

porfidhs ha1@RRAYhAR beeA cob¥dd withER 9Xyerdsf @dﬁzﬁrctlaé! hifster8l 1456 are
bi nding material may be used to attach the glass or

shoWrl. | €98 FIRY Alg'ﬂeoﬁbﬂféﬂéeﬁ@)l%efoph}é&;‘iﬁto;%d'%ontm\%éz‘%ﬂ that

portions 130 ayer r -gap

|IIato n G..34C a ey,
confl oSBT HiersiSopditt 108 (S Hioed aiong
FI Gs. 35A 35B, ,alternate, i rat ed circuit ackages
oneQramereGitlinesmi4 $%andd@axalnglt&193>qnd Rads 460 9a.sﬁown. t hat
creates an air gap. In FIG 35A an integrated
ci [0149] pafefgringovt 3851G.N28, slieps of inethag 4800 farfabricating the
silicon portion 1382 that defines an air gap 1384. The
integfited shinitpaglkagihgoof FiGsCBRA-33D are shown. Control begins in step

1502. In step 1504, a glass paste layer 1206 is applied to one or more surfaces of
the silicon wafer 1204 and/or select areas of the silicon wafer 1204. In step 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 15610, all or part of the silicon wafer 1204 is encased in a molding material 1208

56



portion 1382 may include nultiple sections that are

joined together. The air gap 1384 is |ocated above an
oscillator 1320. In FIG 35B, an integrated circuit

package 1390 includes a C'-shaped glass or silicon

| ayer 1382 that defines an air gap 1384. The air gap

1384 is |l ocated above a circuit 1322. [0146] Referring

sucho@as t plasticcsothes Amgeralsrderctibed dereinkiang/ompthwprasuithble molding

circuit packages described above are shown. An

materialgrlatstep 4620 Uédntrd] endsur e 1400 includes a silicon
waf er 1404, a plurality of spaced AGP and/ or epoxy

por[8i)1’§9]s 1450%*?0@81‘1 tﬂé%pég\g Fgf}ptgp}fﬁ%tgf’?%gﬂ%n wafer may be

141 and a ass or si

' [ i ruct ur 400 i, S, cut into section
replebb P aRMRL AR br. et ApsFalet Aad tos HhnePlsd, G888 'b28te can be

[ntegrated circuits, which can be packaged in a
repkﬁ?éﬁ%kﬁﬂﬁﬁyerial (not shown) as described above. 55

[0147% In FIG 36B, the silicon wafer 1404 may incl ude

ond0851hor A numberfdembadinents iof ithg inventlon haye been described.

at 1414-1 and 1414-2 may be offset fromthe cutting

Nevdrthehesssiifl witlobe wuntierstadd tetdratious mobaificatortd Aiyals tnade without
for attaching bondwires (not shown) to the bond pads

de;?hiﬁgi]frbfh thtG@ riﬁt&@d SEBHePbf ﬂ'lB‘?ai'/t%}ﬁtﬁﬁ{ %@&r&?nggf biher bfmbbdiments

own aft ng separate omthe I nt ated

LG C ] Referring now to FIGs.
a'eg‘lﬁﬁﬁ@wfé%é%gr@@@“%k u?’t package 1450 incl udes
a silicon wafer with spaced anneal ed gl ass paste
and/ or epoxy portions 1410 that have been coated with
a layer of conductive material 1456" are shown. In
FIG 37A, the portions 1410 are dipped into a
contai ner 1454 that contains the conductive materi al
1456. The silicon wafer 1408 nmay be diced along one
or nore cutlines 1462 and may include bond pads 1460
as shown.
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[0149] Referring nowto FIG 38, steps of a nethod
1500 for fabricating the integrated circuit packagi ng
of FI Gs. 32A-33D are shown. Control begins in step
1502. In step 1504, a glass paste |layer 1206 is
applied to one or nore surfaces of the silicon wafer
1204 and/or select areas of the silicon wafer 1204. In
step 1506, the gl ass past eE;l ay@g 1204 is anneal ed by
placing the silicon wafer 1 374 and the glass paste
ayer ,1204 1n an oven. The tenperature of the oven may
Wﬁ@)(ése?la\”gedals‘tenperature that is sufficient to cure
the glass paste |ayer 1204. For exanple, a
t enpbr at UAR indegraten niscuid (CEpaokage, mwoeeisingri ned peri od
is sufficient to anneal the glass frit paste while
not damagami wafersahdcon wafer 1204. In step 1508, the
conductive material layer 1212 is applied to the

anneal ed 4 Qﬁﬁeﬂéatgﬂaéégéétle;g%ér '@er%ﬁpislér]rgn%%# :?Idﬂd%:ent to

part of the silicon waf ncased 1 n a

s i 1208 56 such as plastic, other materials
d(@s(gﬂﬁfd herei n, and/or other suitable nolding

materials. In step 1520, control ends. [0150] In each

of the foregoi ng enbodi nents, the silicon wafer may be

repl aced by other wafers or other substrates and the

annéal ed dieaks naskage frclain I &pthes expngrisinmsay malding Thaterial

A nunber of enbodi ments of the invention have been
thatesnoapisatites Ableast part ©f saidi IC whfdr dhe salfiAGR RErt hat

various nodifications may be nade w thout departing

fromthe spirit and scope of the invention.

Accordingly, other enbodinments are within the scope

of t3e T oteoMt Peckagy BF clamh CwiedEin said AGP layer is arranged on

at least one side of said IC wafer.

4. 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.

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

conductive material that is arranged on a portion of said AGP layer.
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What is claimed is: 1. An integrated circuit (1C

package, conprising: an |IC wafer; and an anneal ed

gl ass paste (AGP) layer that is arranged adjacent to

said IC wafer. 2. The I C package of claim1 further
conprising a nolding material that encapsul ates at

| east part of said IC wafer and said AGP |layer. 3. The

| C package of claim1l wherein said AGP | ayer is

arranged on at |east one side of said 1C wafer. 4.

The | C package of claim1 wherein said AGP | ayer is
arranged on a plurality of disjoint areas on at | east

one side of said IC wafer. 5. The I C package of claim

1 further_conprising a layer of a conductjve nateri al

t hat Si s aTh%&eae&a% réiaigh owhesein eip IGywater somprises a
The |1 C package of claim2 wherein said | C wafer
cigeuibeormpenent arrangeidt insaig (O wvafera whengiadsaic AGHR tayeCis arranged
waf er, wherein said AGP |ayer is arranged between
betwabncsaid dirtuit comMPoRsiht @dissidirmolaPigthateramt erial . 7.

The |1 C package of claim6 wherein said circuit

conmponent conprises at | east one of an oscillator and

an inductor. 8. The IC package of claim7 wherein said

LALTLE" AP SR e 8 AL componen

encagsulﬁt es, a é)g{ti on of saing | C waf.er.

comprises at least on an oscillator and an inductor.

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

9. The IC package of claim 2 wherein said molding material

encapsulates a portion of said IC wafer.

10. The IC package of claim 1 wherein said AGP layer comprises a

glass frit.

11. 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.

12. The IC package of claim 5 wherein said conductive material

comprises one of a conductive epoxy and a conductive epoxy paint.
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10. The |1 C package of claim1l wherein said AGP | ayer
conprises a glass frit. 11. The |IC package of claim1l
wherein said AGP | ayer is arranged adjacent to said
| C waf er using one of a screen printing, dipping and
maski ng. 12. The | C package of claim5 wherein said
conductive material conprises one of a conductive
epoxy and a conductive epoxy paint. 59 13. The IC
package of claimb5 wherein said |layer of said
conductive material is arranged on said AGP | ayer by
di ppi ng said I C package in a contai ner containing
said conductive material. 14. An integrated circuit
(10, package, conprising: ., an IC wafer; and a first ,
porttdn tHig 16 P Paﬁnj’ch‘%lﬂ] Acwherein said &PYPCW cogductive
second portion that is arranged adjacent to said IC
matgrial isarcangest on saidsh@Pdaydryndipping said4€ packagein a container
wherein said first and second portions conprise at
cdrtainingmaid condustivelmateghpss paste (AGP) and epoxy; and
a layer that is arranged adjacent to said first and
second portions and that creates an air gap between
said layer, said first and second portions and said

< VB iyl SR, Pl o o ¢

package of aim 14 further conprising a nolding
mat eri al aqﬁlﬁnwagﬁc%@ul ates at |east part of said IC

wafer, said |ayer and said first and _
a first portion that is arranged adjacent to said IC wafer,;

a second portion that is arranged adjacent to said IC wafer and that
is spaced from said first portion, wherein said first and second portions comprise
at least one of annealed glass paste (AGP) and epoxy; and

a layer that is arranged adjacent to said first and second
portions and that creates an air gap between said layer, said first and second

portions and said IC wafer.

15. The IC package of Claim 14 wherein said IC wafer comprises a

silicon wafer.
16. The IC package of claim 14 further comprising a molding material
that encapsulates at least part of said IC wafer, said layer and said first and

second portions.
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second portions. 60 17. The | C package of O aim 14
wherein said | ayer conprises at |east one of glass
and silicon. 18. The |IC package of claim 14 further
conprising a conductive nmaterial that is arranged
adj acent to said first and second portions. 19. The IC
package of claim 15 wherein said silicon wafer
conprises a circuit conponent, wherein said air gap
is arranged between said circuit conponent, said
| ayer and said first and second portions. 20. The IC
pac e I | e .
corrpkﬁgses a I?éﬁ] c# Fhé o é'ﬁ‘nqgs‘gm‘%ﬁ é’él&a{%gél:p%}'ﬁﬂﬁses at least
ﬂg‘tor él The | C package of claim 20 wherein said
on%g g8s apdHicoBes a  spiral inductor. 22. The IC
package of cI aim 14 wherein said first and second
portions conprises glass frit. 23. The |IC package of
claim 14 wherein said first and second portions are
appl1&d t Fheal@ padkagenofiadlaim ukd rigrikere comprisig &€ rconductive
printing, dipping and masking. 61 24. The | C package
méaferf &iaﬁ‘lslgrrﬁﬁﬁé@ hfjagahttotiidl iFdt land@ dERbRE pBktions.
conpri ses one of a conductlve epoxy and a conductlve
epoxy paint. 25. The |IC package of claim 18 wherein
sai d conductive material is applied to said fi rst and

Se"%’ Porid f8 pack’age 8P claﬁn 33 v(\jlhgrtem S5 sildn wter comprlses a

circuit component, wherein said air gap is arranged between said circuit

component, said layer and said first and second portions.

20. The IC package of claim 19 wherein said circuit component

comprises at least one of an oscillator and an inductor.

21.  The IC package of claim 20 wherein said inductor comprises a

spiral inductor.

22. The IC package of claim 14 wherein said first and second portions

comprises glass frit.

23. The IC package of claim 14 wherein said first and second portions
are applied to said silicon wafer using one of a screen printing, dipping and
masking.
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package in a container containing said conductive
material. 26. The | C package of Caim 14 wherein said
| ayer has a first width that is less than a second
wi dth of said silicon wafer. 27. The |IC package of
Claim 14 wherein said I C wafer conprises bond pads.
28. The | C package of Caiml| wherein said | ayer has a
first wwdth that is less than a second width of said
silicon wafer and further conprising bond pads that
are located in an outer region of said silicon wafer.
29. An integrated circuit (1C package, conprising:
an | C wafer conprising a circuit; and 62 a "C'-shaped

| ay th i S~arranged adjace i d rate. an .

t ha?rd‘cr e%@s?%npﬁﬁg%%aﬁ?b%%% &%%@lncs_gtﬂfgiéggu&g/%e?naterlal

and said circuit of said IC wafer, 30. The | C package
copprises;anexf & eendistive ERRXY §nﬁg= eeNEMCHY®) §PRXY BRIN|

that encapsul ates at |east part of said |IC wafer and

said "C'-shaped | ayer. 31. The |IC package of C aim 29

wherein said "C'-shaped | ayer conprises at |east one

of gsass TedIGigdckage ctclaiield Whessiiaged donausiive Ataterial is
wherein said circuit conmponent conprises at |east one

apﬁieélﬁo Q3 Ek‘t‘ta?ie ﬁ&nappdérﬂéh%?gdrip@gﬂps% at %é&‘?gﬁggrl said IC

of ¢ aim 32 whereln sa I nduc rrses a
pécﬂgaé iP5 'coﬁ?éiner containing said conductive material.

26. The IC package of Claim 14 wherein said layer has a first width that

is less than a second width of said silicon wafer.

27. The IC package of Claim 14 wherein said IC wafer comprises bond

pads.
28. The IC package of Claim 1wherein said layer has a first width that

is less than a second width of said silicon wafer and further comprising bond

pads that are located in an outer region of said silicon wafer.

29. An integrated circuit (IC) package, comprising:

an IC wafer comprising a circuit; and
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a “C"-shaped layer that is arranged adjacent to said substrate and
that creates an air gap between said “C"-shaped layer and said circuit of said IC

wafer.

30. The IC package of claim 29 further comprising a molding material

that encapsulates at least part of said IC wafer and said “C"-shaped layer.

31. The IC package of Claim 29 wherein said “C"-shaped layer

comprises at least one of glass and silicon.

32. The IC package of claim 29 wherein said circuit component

comprises at least one of an oscillator and an inductor.

33. The IC package of claim 32 wherein said inductor comprises a

spiral inductor.
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