INTEGRATED CIRCUIT INCLUDING SILICON WAFER WITH
ANNEALED GLASS PASTE CROSS-REFERENCE TO RELATED
APPLICATIONS [0001] This application claims the benefit of U.S.
Provisional Application Nos. 60/714,454, filed on September 6, 2005,
60/756,828 filed on January 6, 2006, and 601730,568, filed on October

27, 20QRTangRaFEpndneinn-RGRNOINGSs eM Anrtication  $arial
No. 10/892,709, filed oy, 204} whishpigreontinuation in part of
U.S. Patent Application Serial No, 10/272,247, filed on October 15, 2002,

the contents of which are hereby incorporated by reference in their
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circuits, and more particularly to integrated circuits with annealed glass =~
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devices continues to decrease, the use of crystal oscillators bec
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their entirety.

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



[0004] Semiconductor oscillators have been a poor alternative to crystal
oscillators and are generally unsuitable for use as a precision frequency
reference due to excessive variation in the oscillating frequency,
especially with changes in temperature. SUMMARY OF THE INVENTION
[0005] An integrated circuit (IC) package comprises a IC wafer and an
annealed glass paste (AGP) layer that is arranged adjacent to the IC
thewsifer 08RG} 1oNithee veearesninnedding deatetisbetiianssdatd cAdRASscillators
part of the IC wafer and the AGP layer. The AGP layer is arranged on at
bedteamtoresduaieheaic vadco THesidePltagiitis anhogsdliotitatiptugality of
disjoint areas on at least one side of the IC wafer. A layer of a conductive
maféfAa#inat iSemiaayetl cion opoiltiainrsf ad GEdayarpf@fOaliematier to crystal
features, the IC wafer comprises a circuit component arranged in the IC
osiltgiorsTamd AEP gey@rallyruasyddibe tfosarsthaiec pitenisigo frequ ey treference
molding material. The circuit component comprises at least one of an
dugdeilrxeefivearariatierorinTie indobming fiprseseyspispevidlictoittTobanges in
molding material encapsulates a portion of the IC wafer. The AGP layer
tergppRpiises a glass frit. The AGP layer is arranged adjacent to the IC wafer
using one of a screen printing, dipping and masking. 2 [0008] In other
features, the conductive material comprises one of a conductive epoxy
and a conductive epo paint. The FﬁIﬁg/er of the conductive material is

arranged on the AGP WW&K T NYENA @M a container

containing the conductive material.
[0005 An integrated circuit (IC) package comprises a IC wafer and an

annealed glass paste (AGP) layer that is arranged adjacent to the IC wafer.

[0006] 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 |C 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.



[0009] An integrated circuit comprises a temperature sensor that senses a
temperature of the integrated circuit. A memory module stores data
relating to oscillator calibrations and selects one of the oscillator
calibrations as a function of the sensed temperature. An oscillator module
generates a reference signal having a frequency. A phase locked loop
modjfied8lludds aotbedbickuoen hivenganthedbacinkiefglatamettyeandne of a
selectively adjusts the feedback loop parameter based on the selected
caphi it eepsoillatord aibeaticiustil@o jdryotheinteaties, gephafséhe conductive
locked loop module comprises a fractional phase locked loop and the
migedbhik domnpadoretthdasAGRtByen by ainpifgetbe TGepaakdgaain a container
phase locked loop comprises a phase frequency detector module that
cargainnmibaieswitsthiMe B¥i&ER)r module and that receives the reference
frequency. A charge pump module communicates with the phase
freql@PRS] detedfortiesdated Aives e wonipehcd esepriiuftotrNe0r that senses a
communicates with the charge pump module and generates an output ‘
tefrpgiaies. of dbgiiRieasiad E6RfhunftateRRtly thodbitigisehtaadrelating to
oscillator module and the phase frequency detector module, selectively '
Os(iaias aRRsEtRSRAH T RIF HasRRPoR( TR Arflatdnerlialiapsattors function of
and adjusts a ratio of the first and second scaling factors based on the )
theeteoras SRERT Rk SscMAGFERRIPADPCY IS BRaale hépiRianresigne! having a

first and d li tors are divisors equalto Nand N + 1, and
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[0010] In other features, the phase locked loop module comprises a
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
module that communicates with the oscillator module and that receives the
reference frequency. A charge pump module communicates with the phase
frequency detector module. A voltage controlled oscillator module communicates
with the charge pump module and generates an output frequency. A scaling module
communicates with the voltage controlled oscillator module and the phase frequency
detector module, selectively adjusts the output frequency based on first and second

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

the selected one of the oscillator calibrations.



detector module that communicates with the oscillator module and that
receives the reference frequency. A charge pump module communicates
with the phase frequency detector module. A voltage controlled oscillator
module communicates with the charge pump module and that generates
an output frequency. A scaling module communicates with the voltage
confffiitt] oscilfatiherothatuces] the firataridegeenty detdiotpriavtokgleare divisors
and selectively divides the output frequency by first and second scaling
eqfsaltéesiNAaBilyNatDeltand odidatin ddjistsnmiothdatigresttetisealingro. The phase
module between the first and second scaling factors based on the
locksid drepomediieheooprirasrac lpragoRs!taHeaiigmal dpbasenid seadiigop module
factors are divisors equal to N and N +1, where N is an integer greater
anthdhe desdbraio]eapimeatraeieciiealudempricdsl asiomarhtarecalingngvisor. The
_means for sensing a temperature of the integrated circuit. Memory means
Sigmastbiailg JaastipnatingasdJenkesr (npravedidiarproptstsciingbageofrequency
the oscillator calibrations as a function of the sensed temperature.

detsstarameg W dhal Gomemtpicalesiarin dbespssilatavmgduiregneribabresaives the
on the oscillator calibrations. Phase locked loop means, that includes a
refRIeMSECHTRYIPAGYiIng A [66aRR K RYGRR dNadeter CoRsRHKIG tRRj LS tife phase
feedback loop parameter based on the selected one of the oscillator _
fregdIaYi AIRCA 0TS Bthér YellRess cantrpiadeorriliatrionlpftbarpmmunicates
. or&%:isesa fractional gﬁ;@se Iogk d Ioo(ﬁhand the feedback loop )
W"E‘a? ERATRE AT SPAHE AR iRab 99 Rer eSiBR P sa dRRKeRAbop scaling
C rises phase frequency detector means, that communicates with the
o LRSS YR e e Rl earyienansp he phase
frerc?tfla ﬁ‘gygr?é}%@g?srr\\/gg l%%ea%rc]ids%?gg@vueq)l/cgwi%f\é\'lsltg\g]%utput frequency by first and
second scaling factors. A Sigma Delta modulator adjusts modulation of the scaling
module between the first and second scaling factors based on the selected 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.



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
adjusts the output frequency based on first and second scaling factors

andagyts a fRlieMEneishasd ﬁ?&oﬁﬂﬁ@"l&k@?t%éﬁaﬁ%ﬂg BEmprises a

selected one of the oscillator calibrations. [0014] In other teatures, the first
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wherein N is an integer greater than zero. The phase locked loop means
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loop parameter includes modulation of a scaling divisor. The Sigma Delta
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that communicates with the oscillator means, for receiving the reference
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with the phase frequency detector means. Voltage controlled oscillator

phERANSeiAirkgMauiaigaiemidifsthe opafagPURRFRARAS BRNRIRESASans, that
output frequency. Scaling means, that communicates with the voltage

coffifilinltefleasamaiotiaeanagad fiephasrdiesUeBRKraRISCEN BagiR frequency.

selectively divides the output frequency by first and second scaling
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means 5 between the first and second scaling factors based on the
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factors are divisors equal to N and N +1, where N is an integer greater
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sensing a temperature of the integrated circuit; storing data relating to
facteed Ibtayecadibriiiéonsiected one of the oscillator calibrations.

[0014] in other features, the first and second scaling factors are divisors
equal to N and N + 1, and wherein 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, thét 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



selecting one of the oscillator calibrations as a function of the sensed
temperature; generating a reference signal having a frequency based on
the oscillator calibrations; and selectively adjusting a feedback loop
parameter of a phase locked loop based on the selected one of the
oscillator calibrations. [0016] In other features, the phase locked loop
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parameter is a ratio of a scaling factor. The phase lo loop comprises
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parameter includes modulation of a scaling divisor. [0017] An integrated

and QUMD AFKAGN R eSS JHeALRiah Rt that comprises a

temperature sensor that sensés a temperature of the integrated circuit. A
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selects one of the oscillator calibrations as a function of the sensed
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frequency that is based on the selected one of the oscillator calibrations.
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has a low dielectric loss. [0018] In other features, the packaging materia
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inate

polychlorotrifluoroethylene, fluor 6 ethylene propylene copolymer,
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The packaging material includes a low dielectric loss plastic. [0019] An

lodpBaARI8 GAITRLIEBRHIBED FEDIRES RN B ANBFEFF4! that comprises
an oscillator module that generates a reference signal having a frequency
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packaging material encases at least part of the integrated circuit and has
phasewstréattdetoasd the feedback loop parameter is a ratio of a scaling factor.
The phase locked loop comprises a Sigma Delta fractional phase locked loop and
the feedback loop parameter includes modulation of a scaling divisor.

[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 polychlorotrifluoroethylene, fluorinated



[0020] In other features, the integrated circuit further comprises a
temperature sensor that senses a temperature of the integrated circuit. A
memory module stores the oscillator calibration settings. The packaging
material includes at least one material selected from a group consisting of
polychlorotrifluoroethylene, fluorinated ethylene propylene copolymer,

etpgidhmpaikpben eans pobopely merfaforthjiteny, aaldteiratipoipeisy lehethylene and

The packaging material includes a low dielectric loss plastic. [0021] A
tetraftuom édn\yleowidiMeapeiciegirgouaierist patkdge admpdistscipodisingastic.
an integrated circuit; encasing the integrated circuit in a packaging
matédRd Shat hAe integraterd aifeubssaskagimgenengeyaarintdgtated circuit that
integrated circuit during operation; storing data relating to oscillator
copaRBReScRTE OSsiliathgeréuts that penitratesalitefatienseasignfliaiongoé threquency
sensed temperature; and generating a reference signal having a
thateifubasgdnanionaseld dplialiy stiaseHator thalistitatsetiiiratiénpackaging
[0022] In other features, the packaging material includes at least one
mylatsfignsarria trast AYtRighairaried psrhrgthtac bewyielnstric loss.
fluorinated 7 ethylene propylene copolymer, perfluoroalkoxy, and a
cop®BARLL of diyieihennteainesiudiiHpiessatede piieriigifttheitepamprises a
includes a low dielectric loss plastic. [0023] A method for providing an

teRSAICR BRRERTpARRIEEm P 188% Brabhe dharikigririackpisat. A memory
SRS A S rlor clraten Segs oINS e o
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fluorinated ethylene propylene copolymer, perfluoroalkoxy, and a copolymer of
ethylene and tetrafluoroethylene. The packaging material includes a low dielectric
loss plastic.

[0021] A method for providing an integrated circuit package comprises
providing an integrated circuit; encasing the integrated circuit in a packaging material
that has a low dielectric loss; sensing a temperature of the integrated circuit during
operation; storing data relating to oscillator calibrations: selecting one of the
oscillator calibrations as a function of the sensed temperature; and generating a
reference signal having a frequency that is based on the selected one of the
oscillator calibrations.

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

material selected from a group consisting of polychlorotrifluoroethylene, fluorinated



[0024] In other features, the method comprises sensing a temperature of
the integrated circuit; and selecting the one of the plurality of oscillator
calibration settings based on the sensed temperature. The packaging
material includes at least one material selected from a group consisting of
polychlorotrifluoroethylene, fluorinated ethylene propylene copolymer,
perfluoroalkoxy, and a copolymer of ethylene and tetrafluoroethylene.

ethyldiePaRAAENE %ﬁ%i?‘ﬂ@ﬁ'%ﬁ@o‘@%lfé@ﬁc%ﬁd losg 0823 tlene and

integrated circuit package comprises an infegrated circuit that comprises

tetrdRUBPEENIERENTING HRGRASIFY FRASHY ALRIDBSIAYWIS SbiBetiess_tefstic.
circuit. Storing means stores data relating to oscillator calibrations and for

sejooRay ong ohdwEsalRtpreAlRIgliansiRegriiBatieneithsaerRag§8dcomprises

temperature. Oscillating means generates a reference signal having a

proviingeacyiibegristbasercon; taelsiingteshensr of thresejlliobsaliiaiibration
Packaging means encases at least part of the integrated circuit and

settingsingeadoatidipectifelosse [9QRE] aothgrdapiy(RmdherRackagisednaatite one
includes at least one material selected from a group consisting of

of thEohluhdditptoflnsoikttorleabb fationnsdtiih @ e indearcpriny| ene ineaa@ae circuit in
perfluoroalkoxy, and a copolymer of ethylene and tetrafluoroethylene.

a parkagibgkagtagahtrathaschultos didtectdizlessic loss plastic. [0027] An
integrated circuit package comprises an integrated circuit that comprises
od@if2ddg méamitier tratorasinthe refthentewigpas éssensinfyeademperature of

that is based on one of a plurality of oscillator calibrations settings and
the FHerERfed aeuitisaod anlesting dbkastepaft hieturatiyrafedstiltativandlibration
having a low dielectric loss.
settings based on the sensed temperature. The packaging material includes at least
one material selected from a group consisting of polychlorotrifluoroethylene,
ﬂuorinated ethylene propylene copolymer, perfluoroalkoxy, and a copolymer of
ethylene and tetrafluoroethylene. 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 polychlorotriflucroethylene, fiuorinated



[0028] In other features, the integrated circuit further comprises
temperature sensing means for sensing a temperature of the integrated
circuit- Storing means stores oscillator calibration data. The packaging
means includes at least one material selected from a group consisting of
polychlorotrifluoroethylene, fluorinated ethylene propylene copolymer,
perfluoroalkoxy, and a copolymer of ethylene and tetrafluoroethylene.
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integrated circuit package comprises an integrated circlit that comprises
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and a memory module that stores oscillator calibrations and that selects
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An oscillator module generates a reference signal having a fréquency that
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adheres a glass layer to the integrated circuit. A packaging materia
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In other features, the glass layer is located between adjacent to portions
meardHieristegrsiteg sirassthairins uele e gstdateircondite. TABmRsailaidielectric

module includes an on-chip inductor and wherein the glass layer is
losslocated adjacent to portions of the integrated circuit that include on-chip
inductor. The glass layer includes a cavity that defines an air gap and
wieeg8]the davitgtiseadjéeatotés, potiens inlchaistegetedtcirfuntiéat comprises
include the oscillator module. The glass layer includes a cavity that
tempefatarcaneaaisiggp mednshéoeindhsingvitytsnpiranetopdienmtddhsted circuit.
integrated circuit that include an inductor of the oscillator module.
Storing means stores oscillator calibration data. The packaging means includes at
least one material selected from a group consisting of polychlorotriflucroethylene,
fluorinated ethylene propylene copolymer, perfluoroalkoxy, and a copolymer of
ethylene and tetrafluoroethylene. The packaging means includes a low dielectric
loss plastic.

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

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

integrated circuit.



[0031] An integrated circuit package comprises an integrated circuit that
comprises temperature sensing means for sensing a tempergtur(? of the
integrated circuit and storing means for storing oscillator calibrations and
for selecting one of the oscillator calibrations as a function of the _sensed
temperature. Oscillating means generates a reference sig_nal having a
frequency that is based on the selected one of the oscillating means

e ’ doircut.
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air gap and wherein the cavity is adjacent to potions™ of the integr
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[0033] A method for providing an integrated circuit package comprise

cavitgrhitodefineperaiaiciRademaithCiHa 54189 888 o potions of the

calibrations; selecting one of the oscillator calibrations as a function of the

integeatedctieuip eatunelugenaiatagcioredpRB S eigaRaymgé frequency
that is based on the selected one of the oscillator calibrations; and
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of the glass layer and the integrated circuit in a packaging material.
comprises temperature sensing means for sensing a temperature of the integrated
circuit and storing means for storing oscillator calibrations and for selecting one of
the oscillator célibrations 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 oscillating means calibrations. Means attaches a glass layer to
the integrated circuit. Packaging means encases at least part of the glass layer and
the integrated circuit.

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

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

of the integrated circuit that include the oscillating means. The glass layer includes
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[0034] in other features, the method includes locating the glass layer
adjacent to portions of the integrated circuit that include the oscillator
module. The oscillator module includes an on-chip inductor and further
comprising locating the glass layer adjacent to portions of the integrated
circuit that include on-chip inductor. The glass layer includes a cavity that

a davitye thah dafigap ancHiurgagr anthisingnlaRativaheisAGRRABESRbKONS of the
potions of the integrated circuit that include the oscillator. The glass layer
infiegtaties @rcaitithahmotledines andaictoap e ibshiestiagmiisieg locating
the cavity adjacent to potions of the integrated circuit that include an
indU@33f the Adsuitititod [A3Edvidintggratedteisesicd @rbarkpgtkage comprises
comprises an IC wafer. A first portion is arranged adjacent to the IC
Sefaig. A skgopdrpbntionaf amarigied mlfateardatheisHnpfesamdts calibrations:
spaced from the first portion. The first and second portions comprise at

selestingrenef einineatistiffaios pakiteatii®BB )asnd epatiorAdayes isedded temperature;
arranged adjacent to the first and second portions and creates an air gap

gemeratien ahefripacalwignat hadise cofick goeimystharitheakaavafethE088Rkted one
In other features, the IC wafer comprises a silicon wafer. A molding
of therensiliatenpalinesions | eust ptirobingenl §lasseaytiratdayer intshibetirsircuit: and
and second portions. The layer comprises at least one of glass and
engagte. Aldeagliprve ohtherigldssafayegehddibecintégrtitedirsiraut iseaopsckaging
portions. The silicon wafer comprises a circuit component. The air gap is
maiRHAbed between the circuit component, the layer and the first and
second portions. The circuit component comprises at least one of an
oscifidfhnd 4n intheftdeatneemdtigometimmisesiadspiraidatiugtone glass layer
adjacent to portions of the integrated circuit that include the oscillator module. The
oscillator module includes an on-chip inductor and further comprising locating the
glass layer adjacent to portions of the integrated circuit that include on-chip 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 fayer is
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[0037] In other features, the first and second portions comprise glass frit.

The first and second portions are applied to the silicon wafer using one of

a screen printing, dipping and masking. The conductive material

comprises one of a conductive epoxy and conductive epoxy paint. The

conductive material is applied to the first and second portions by dipping
armargedezdinpant ¢6 the I sieakd geromdepottioner satiteisingshen air gap between

conductive material. The layer has a first width that is less than a second
theviaye bitheclisiicond watend pertfonsmtendtimepiseafeond pads. The layer

has a first width that is less than a second width of the silicon wafer and
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silicon wafer. [0038] A method.of providing an integrated circuit (IC)

Majgeich §ocepsipatsssateast prraof It eviGanaiemr tiyprge fiestg ditoirst and second
adjacent to the IC wafer; arranging a second portion adjacent to the IC

POWise? and i daper reympnisdissapdeimst, nierefngkimes fissicarsiliseaond\ conductive
portions comprise at least one of annealed glass paste (AGP) 12 and

maigHRy; iarkranangingiadaptitadieclitstodhd Setant sedtomd pottiensiicon wafer
wherein the layer creates an air gap between the layer, the first and

COBYRIFREpartRiFd hinePeoTENtafer! (B39 Igaphiy femamgsd tHeet@ouafehe circuit
comprises a silicon wafer. The method further includes encapsulating at

CO[BRANGAf: dhehéanerwaner tiiee fageramet sheofitstramtibsscortheodians:. Th@ponent
layer comprises at least one of.ﬂglass and silicon. The method further

COMRBIURRS aii&agiens coriuesrliatarcrad sanainguctorthelfistindocivecamiprises a
portions. The method further includes arranging the air gap between the

SPEREIRELStAPonent, the layer and the first and second portions. The circuit

component comprises at least one of an oscillator and an inductor. The
met 7] In' other features, the first and second portions comprise glass frit.

The first and second portions are applied to the silicon wafer using one of a screen
printing, dipping and masking. The conductive material comprises one of a
conductive epoxy and conductive epoxy paint. The conductive material is applied to
the first and second portions by dipping the at least part of the IC package in a
container containing the conductive material. The layer has a first width that is less
than a second width of the silicon wafer. The IC wafer comprises bond pads. The
layer has a first width that is less than a second width of the silicon wafer and further
comprising bond pads that are located in an outer region of the silicon wafer.

[0038] A method.of providing an integrated circuit (IC) package, comprises
providing an IC wafer; arranging a first portion adjacent to the IC wafer; arranging a
second portion adjacent to the IC wafer and spaced from the first portion, wherein

the first and second portions comprise at least one of annealed glass paste (AGP)
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further includes the inductor comprises a spiral inductor. The first and
second portions comprise glass frit. The method further includes applying
the first and second portions to the silicon wafer using one of a screen
printing, dipping and masking. The conductive material comprises_one of
a conductive epoxy and conductive epoxy paint. The layer has a first

andvigibsthaisllessativinges eamcthdjdieraitthensiinen avafee ddir PEHIORS, wherein

further includes providing bond pads on the IC wafer in an outer region of

thethepysilicorateafen HO4apArinegraiod ltiyen|ttiE)iRARUBSUNBTRATAMR and the
IC wafer comprising a circuit and a "C"-shaped layer that is arranged

IC adifecent to the substrate and that creates an air gap between the
"C"-shaped layer and the circuit of the IC wafer. [0041] In other features,

a nfORB8) materiatieatfentapsyldtes KT loagepatbrapiRedCanaiRoanddngd. The
"C"-shaped layer. The "C"-shaped layer comprises at least 13 one of

meftaskfarttiesilivolndebentapiutatingoat ozt panissin i@M@ﬁ HetRyer and the
oscillator and an inductor. The inductor comprises a spiral inductor. [0042]

firshanethecbful pootittiag Ahdntsgratedngiriceis @CkpstkageCEIBMY 888 silicon. The
providing an IC wafer comprising a circuit and arranging a "C"-shaped

mefdipst AdfhesnntutiessabsngiagvdhereitthtiVe heitaped Hyjatenreateshantirst and
air gap between the "C"-shaped layer and the circuit of the IC wafer.
se¢ood 3pantioter Tewtumssthtie fueteodimtluties emeagisigating ait [gast tedfleen the
of the IC wafer and the "C"-shaped layer. The "C"-shaped Iaye_r comprises
cirgititlccpmposeiitgldbe dasasiliand. The dl"wstlitmmisenenﬂcmﬂrm atTe@stcircuit
one of an oscillator and an inductor. The inductor comprises a spiral
conpRRemt, comprises at least one of an oscillator and an inductor. The method
further inciudes the inductor comprises a spiral inductor. The first and second
portions comprise glass frit. The method further includes applying the first and
second portions to the silicon wafer using one of a screen printing, dipping and
masking. The conductive material comprises one of a conductive epoxy and
conductive epoxy paint. The layer has a first width that is less than a second width

of the silicon wafer. The method further includes providing bond pads on the IC

wafer in an outer region of the silicon wafer.
[0040] An integrated circuit (IC) package comprises an IC wafer
comprising a circuit and a “C’-shaped layer that is arranged adjacent to the

substrate and that creates an air gap between the “C”-shaped layer and the circuit of

the IC wafer.

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

of the IC wafer and the “C"-shaped layer. The “C"-shaped layer comprises at least
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[0044] Further areas of applicability of the present invention will become

apparent from the detailed description provided hereinafter. It should be

understood that the detailed description and specific examples, while

indicating the preferred embodiment of the invention, are intended for

purposes of illustration only and are not intended to limit the scope of the
onéngérglass HPECHIFANONTOE DIRAW MBS [00tE] EtGptises btolast one of an

diagram showing an aspect of a crystal oscillator emulator. [0046] FIG. 2
osqilzfeaprdshowWidy el difun siipdietwesnprsessaatpimlianduciamection

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

tentP@4aiure and Acormetiiion fiartopraviios8aR|Gniédsadad ockaling(d®) package

showing an aspect of a crystal oscillator emulator. [0049] FIG. 5is a
COmpEsEitnBRRVEHADY W 6} watespeampirisiny statvsuilisaod emangiog a “C’-shaped

connected to external impedances. [0050] FIG. 6 is a detailed block
layeragdianest de dbsesubstaie swherainidhe Eitshapasbimerteaaten an air gap

external impedance. [0051] FIGS. 7A and 76 are diagrams showing
be@%ﬁ%?&-ﬁém@ddmr@aém pirpeii @fdbe/dluwaled a digital value.

[0052] FIG. 8 is a block diagram of an aspect of an oscillator assembly for

geBP4Rlg an outpubthwirfgaiusesioicwnediomifoosssFeaeapmiatitariat least

diafqram of an aspect of a s Eead spectrum L ‘
part of the IC wafer and the “C’-shaped layer. The “C”-shaped layer comprises at
least one of glass and silicon. The circuit component comprises at least one of an
oscillator and an inductor. The inductor comprises a spiral inductor.

[0044] Further areas of applicability of the present invention will become
apparent from the detailed description provided hereinafter. It should be understood
that the detailed description and specific examples, while indicating the preferred

embodiment of the invention, are intended for purposes of illustration only and are

not intended to limit the scope of the invention.

DESCRIPTION OF DRAWINGS

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

emulator.

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

correction factor.

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

correction factor.
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generator. [0054] FIG. 10 is a flow diagram of an operation for 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

enlOR48] thatfjénetdses blokickiiaiyaan fsihoivérgnaronspeet cfcuitsy §815@cillator

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

for the processor. 15 [0059] FIG. 15 is a functional block diagram of an

inté3P4R3d cirbuiE. idtudibycadimmersismrai vicsy avf stalasgetthh & cnylstaroscillator

that generates a clock signal for the processor and that employs an
emglaioneprapairhineideRwtinpedarepsed. [0060] FIG. 16 is a functional

block of an integrated circuit including one or more circuits, a crystal

os{fIRR8] emUtie CdsRdeiolrdibiaek diagremerharnsaspekt sihaals staboscillator

or more other clock frequencies. [0061] FIG. 17 is a functional block of an
emipbei srneptedt ihan@xipmabioresdancene or more circuits, a crystal

oscillator emulator and a clock divider that generates clock signals at

otH@0erbkk frédGehcids q0d6H rre. disgsants ridtwmatbletationships between an

integrated circuit including aésqrocessor, a graphic processor, one or more
i

exteiRAlitNREANGS e A4 igkalinabie.
[0052] FIG. 8 is a block diagram of an aspect of an oscillator assembly for

generating an output having a periodic waveform.

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

generator.

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

[0055] FIG. 11 is a block diagram of an aspect of a 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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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
diafflaaf]ilustrathg B iistegratertticiralit bidibka desgperatafe somprRpated circuit
on-chip semiconductor oscillator that is encapsulated in a packaging
inclydingial pradessar@ndlizlentstalassditatordingulatiretHategent iaten Boglock signal
[0066] FIG. 22 illustrates one exemplary implementation of the integrated
for thepirqrasicagend Eiat G i therebsailall CPOPGRERtEor2Seisingsitisck speed.
cross-sectional view of an alternate integrated circuit package including
an BH6B]p sehiiGontusterfosciitanal ateckdingrdrtegratesentdoentiading one or
[0068] FIG. 24 is a side cross-sectional view of an alternate integrated
mogkr giicpitskageyatal osgliatoorechipatendodna wttok osividiio tisicgetiogtes clock
the present invention; [0069] FIG. 25 is a plan cross-sectional view
signristedtims themuesyedined adckfreauleagest FIG. 24 in further detail;
[0070] FIG. 26 is a functional block diagram illustrating tuning of a
cafdf88dd of ah!6n-dfipsemivoatiooar bisckathrdraset:griedeopeaiaintuding a
compensation; [0071] FIG. 27 is a functional block diagram of a fractional
Progr&sercare@r more circuits, a crystal oscillator emulator and a clock divider that

generates clock signals at other clock frequencies.
[0062] FIG. 18 is a functional block of an integrated circuit including a

processor, a graphic processor, one or 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 furt.her detail;
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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
thd le chliSrafiSniponsidpoerasErecionalaview efaanilrlteragie) integrated
. steps for measuring sampling calibration points and using higher ord(_er
CIrCHinRAfKHIS al@@u‘i'@?ﬁ% Rrydieriie GRMietbaues maoibainthecsardiig to the
calibration points; [0075] FIG. 31A is a functional block diagram of a hard
Pregfelk \NGBLoN [0076] FIG. 31B is a functional block diagram of a digital
versatile disk fDVD); [0077] FIG_ 31C is a functional block diagram of a-
hidAR&initiof ' @1efsitsn 3| Ride| TRSS SESiRNalfvirtorhlanoelednajeaintegrated
._a vehicle control system; [0079] FIG. 31 E is a functional block diagram of
circy il JRF5ABR oNEIYOIED) NGO NS seficBDMaFisbRsgiligieimasrarging to the
top box; [0081] FIG. 31 G is a functional block diagram of a media player;
PresghHBSIVERYOBRA is a side cross-sectional view of an alternate integrated

circuit package including an annealed glass paste and/or epoxy layer
forfﬂ%%(ln at E3stparfof dNAR G QFRIERGHRRE) Kiey 3@%‘3&3&%@9 integrated

.__Cross-sectional view ;f, an alternate integrated circuit package including
circy %ﬁ@«ﬂ@@ a@% oo TR layer formed on at

[0070] FIG. 26 is a functional block diagram illustrating tuning of a
capacitor of an on-chip semiconductor oscillator based 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 between the sample calibration points;

[0075] FIG. 31Ais a functional block diagram of a hard disk drive:
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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

crd98%&k tionkl Gied18F im alfenriienaleblotkddiEgrampat leaggitatlveirsatile disk

spaced annealed glass paste and/or epoxy layers and conductive
(DMRaterial layers formed on selected portions of a silicon wafer; 18 [0086]

FIG. 33A is a side cross-sectional view of an alternate integrated circuit

pat®@Glincldding & @nrieardfdnelippastdloniodiagoagiagbrantigh definition

conductive material layer adjacent to circuits of a silicon wafer, [0087] FIG.
teleyisipry a side cross-sectional view of an alternate integrated circuit
package including an annealed glass paste and/or epoxy layer and a
co %%'I/e mbterial 1Byisrafijactiana) Bivekdirgsamicef sivemicleatentioiosstem;
FIG. 33C is a side cross-sectional view of an alternate integrated circuit
paltR@ QR inclfdfdg HiFdareiueatignst Pastediagramepioxgadytar andae;
conductive material layer adjacent to an inductor of a silicon wafer; [0089]
FIEPCER is an'@e%T%§-§é€ﬂ§ﬁaﬂﬁ'eww%@marﬂ@b@m)§ircuit
package including an annealed glass paste and/or epoxy layer and a

H&Qrg?il/e mbl&ial 15l afiactinng) Riprtddiaeram &7 aserisplayedit of
a sjlicon wafer;éoogo FIGs. 34A-34D are side cross-sectional views of
a|t£?ﬁ§?d intdg te%zér&i?pﬁeﬁag&sm(%ﬁiﬁ@%[nﬁém& ghsltprate integrated

. and/or epoxy portions
circurt package ‘including an annealed glass paste and/or epoxy layer formed on at

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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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

epd@PgfirtionElgh B84 Esa siddicomisyssdtiaharasde it gapsitoriNBlegrated
FIGs. 37A-37B are side-cross-sectional views of integrated circuit

cirgiitkpgekageluditigding eate caglasalpastglasy/ paeloXsnpAstioBpdkt RF¥e and a
been coated with a conductive material; and [0094] FIG. 38 illustrates
corslentivRIvaiea tfhenaelacdribtdatirmatigftheilibtegratie-circuit
packaging of FIGs. 32A-32D. [0095] Like reference symbols in the various

draf@fgZlindichte likeBelenaeside DETSHSECDES G BICh [aRBAIHtIg R grated
1 shows an aspect of a crystal oscillator emulator 10 for generating an

cirguitppesigags 1meiading sapreaiseabliegiapsTbestey adsscillgioxy layer and a
emulator 10 may be constructed on a single semiconductor die using any

copfluetive Ninledal daaet ediprantinaay Metiib®xidtaSdivmondifstor (CMOS)
process. [0097] The crystal oscillator emulator 10. may include a
sentt@luctoF 16sciilois1a gidemrnse shetanpiuvisignal 2. Altyrfye pitegrated

. semiconductor oscillator may be used including LC oscillators, RC

CIrgtilRRGkagm dnedingilRnoan Ml estrolesadpetie osndlaior dabiogisles and a
a control input 16 to vary the frequency of the

conductive material layer adjacent to an inductor of a silicon wafer:

[0089] FIG. 33D is a side cross-sectional view of an alternate integrated
circuit package including an annealed glass paste and/or epoxy layer and a
conductive 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 including 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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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

oscillator. [0098] A non-volatile memory 18 includes calibration information

20 for controlling the output signal frequency as a function of

tempRO88ire. AiBE/PBTEH- 3T -urdatidenevanssanhe SRNRYSEH INEMIRY circuit

content addressable memory 20 (CAM). The calibration information 20
PacisorRintdudingrrentionl éattolatesbp agtplieddlerthp6Rptioh HIBHE 18,81 e been

semiconductor oscillator 14 to control the output signal frequency. The
cogimeraiibrainmtative 2@iterdy! beral function of a change in temperature

from a calibration temperature to an operating temperature, as well as

beirl§@SHinction!6t @Bstlusiratespexatmsial)RaGh4 deaneEREE FSNRMERAting the
_ may sense the temperature of the semiconductor die. Preferably, the
integrijeehfireusamakaigingoatéd@m BRAsg2miconductor die in the vicinity of

the semiconductor oscillator 14. Any type of temperature sensor 22 may

be U888 Mcludidethetestors asyiibivirethdetectossiol e dPMRREAUiSicate like

sensor 22 may be configured to measure a change in temperature from a
eleingBlme temperature or the present temperature. [001.00] Figure 2 shows

a storage technique 30 for storing the calibration information 20 in the

non-volatile memory 18. The storage technique 30 may be any form of

- database including CAM, indexing schemes, look-up tables, and hash
tables. [00101] Figure 3 shBUwWAH. Sd)iEEFCREPMENY graphs 32 of
correction factor values versus temperature for maintaining a constant

outpBPnal fFdgfiendy sopwre anysspescifatoeystintosdilafbreiRintor 10 for

constructing the curve may be attained in
generating 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 oscillator.

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

non-volatile memory may be employed including content addressable memory
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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

(CAPiut iSheeesribadioiontorpratiene2@inery fiecjuelecy 8beadtian factor to be applied
predetermined temperature of the semiconductor 21 die of the device

to tirrenmdnpwesbaidhatingrtécopenattue oEbiidiaselin eoveduer o aiye Rtput signal
measured directly or interpolated from measurement of another device

fregharssteridihs Batibtationalidematiatsbe mayashieec fouseidhpefeatizhange in
output frequency. Also, baseline values for each potential output

terfeefiatiiey froay acalinativiate pemttine tmsalinpeatiegeethserature, as well as
predetermined frequency such as by using a known circuit relationship.
bemgeaftigeline ohrksoiutectethnsnadutial output frequency may be stored as
absolute values or as a ratio, a frequency factor, to compute the baseline
valliBe8Pdm a Ainigi@persiiine \aEne0[0@L031Eke senwzertitardamfiiteature of the
semiconductor die is then increased from about the lowest operating
sefpisRRsletRe t8igbouttiferainuthe pteatmratenepesanser inglisomtted on the
steps. The number of discrete steps is preferably limited to about six
SeRRPEIAERE fioels {Heeviaiityestingeramibandngtoumbsiatbdisdretdny type of -
steps may be used. Preferably, an on-chip heater is used to heat the
terBRARIRIFEBEOAId2bleanhanesed dictudjng therteistoesasnct infrtived detectors.
semiconductor die may be employed. At each discrete step, the
Thedappratiene seese resapanfigu s e iosekiwRfchargatinergperature

the output at a constant frequency may be measured.
from a baseline temperature or the present temperature.

[00100] Figure 2 shows a storage technique 30 for storing the calibration
information 20 in the non-volatile memory 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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[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
die giiher deYRY SHEMLRE therlrwast srefine temeeratatrieT bie Sasetine value may
example, if a correction factor of 1.21 B is determined to correspond 22 to
be measiyedn firssthatde dterpolairsh therpormermpamsinthesf another device
semiconductor oscillator may be adjusted as a function of the correction
chapacigristicn BasphrangiipstHaaorleritmtmepropeif eatk potentimnoutput
factor. In another alternative, the correction factor may be applied to the
freqyettie (iRR: dRredipSHaRIYes Ry dearbd Peteptieheytriiciresigeneyamay be
a cglibrated value to which the control input is adjusted. In another
em&ﬁ@ﬂﬁ%{%n@&i&??&&f&sﬁﬁw pheriea soredeterminpd finuyecyasnchr as by
. several output frequencies at each temperature step. [00105] Batch-mode
using Ay eIt s Elationshiviatb ke B3sinaivaliam iafiartioprignéial output
f 20 may adv%rl\ta eously decrease costs by reducing the number of
QMRS IRLME Ricseshih PR orRIlERIES  BhiRhafrRrURREN dactor, to
the teEBtin resbjlts for a SL#bset of crystal oscillator emulators 10 from the

COmPIe D& RASEIIE BRI Ot ARE AR PBRSISENRIF I of the devices in

th The subset of crystal oscillator emulators that are tested may
TN ol BRSO Breu e DIEPGUH e bes. pereased from

exa le, a single crystal oscillator emulator 10 may be tested and the
abol é

resulting MR RBPIAE RS SRR B relPin R4 ofitfie MHR¥ERETIN PRerating

h. In addition, . each of t stal oscillator emulators 10 ma

h Il b
tem e%s%(:et(l:ll 2 E’ggéfteo?g@aﬂﬁrgﬁb% ﬁh‘l’ajr‘ﬁét n%%ﬁ%s%ﬁ@%iﬁ@ﬁ?ééﬁ%’éd@ﬁed to

aboft Zix temperature levels to reduce testing costs, but any number of discrete
steps may be used. Preferably, an on-chip heater is used to heat the semiconductor
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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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

to thehange of 4erfieratceptdhatcystiieR3tescitaipo e mplatear4fenadndisshductor
include one or more of a heater 54, a controller 56, and a select input 58

oscillater ondy berabinateahaf0af0nLite bEtiercofrsvtihleertedcdniBy changing
semiconductor die in the vicinity of the semiconductor oscillator 44 to

theppovitie! drgudrge pfdpodidreatintneA oyriyptons faetser 54 rapytherusksinative, the
including transistor heaters and resistive heaters. The heater 54 may be

corspiiatethttorespynbe @paliddpiot thenbtselingpakatucersensondiyte the desired
control the temperature of the semiconductor die. The heater 54 may

outpigreieauprcyeivicontacite die talipriatirediua lkyehtiishcaieesaames hput is
one of the temperature levels for which correction factors have been

adjystedmilieanathatditiemativeadargectianifartotighdydrenaldanedaneséonding
enclose the crystal oscillator emulator 40. [00108] In one case, the heater
to errhef/shersakeutiteiseaduendisstat diachammesntirdstbe. maximum
operating temperature. Here, during device or batch level testing only the
cortB@#Bhlfackrtebrresgentiistno thé cmstalunscpetatingmteapeyat®reto obtain
would have to be determined, leading to reduced costs. [0100] The heater
calibiatioy dermetiontlemay radeahtagemishndectengiie dostpengtutaiiing the
one of several predetermined temperature levels for which correction
NUMRSH A MRsHERReNtipiAdat setsathiennpedairdisendortamysaose testing,

the testing results for a subset of crystal oscillator emulators 10 from the same batch
of semiconductor dies may be used for all of the devices in the batch. The subset of
crystal oscillator emulators that are tested may range from one to any proportion of
the total quantity of devices. For example, a single crystal oscillator emulator 10
may be tested and the resulting batch calibration information stored in each of the
devices in the batch. In addition, each of the crystal oscillator emulators 10 may be
tested for a subset of calibration information such as the output frequency at a
baseline temperature. The subset of device specific calibration information may be
used to modify the batch calibration information stored in each device.

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

similar corresponding elements numbered in the range of 40-52, except that crystal
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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. 24 [0101]
oscitptoE AR 36 iy sl AU diom alityeya f cx hepler 84nadtpngoller 56,
the heater 54 in response to multiple temperature sensors or manipulating
andigeselamiamyh d8fatangion IBccasinglaralues for the control input that
correspond to intermediate temperatures. The controller 56 may be any
tyﬂ@%f@r]tityﬁ@ﬁﬁ?éeﬁ pfoceakobadgratad umny thndsersitepgustor die in the
_.module. [0102] The select input 58 may be used for selecting specific
vicigity it the §aEteas aeler wikileianafddopaisia ﬁ(ﬁﬂ}gﬁéi@g.lqﬂlﬁﬁé baging. Any
frequency may be selected as a function of the impedance of an external
typesthpheREH: edrineudpty e BukiElingransistesdkeieworpbesistveyheaters.
be used directly as a portion of the semiconductor oscillator to select the
TheohgRlietrobMHCpe ARRERECH JGERARSSR AR ITes i misstReiadure sensor
within a predetermined range may correspond to predetermined output
52 fRfRIHEESNe e BRBFA o Ph MR nEARIFBHAP e oneA o fiagter 54 may
. preferably a passive component such as a resistor or capacitor. [0103]
IncrieRzf dne SeRiRCaA UERE s taeRRIBILGR (i @k ihatsorss rradn & fite of the
example, two select pins 102 and 104 to connect to two external -
fema%étﬁéﬁéeg%% EHeCRTREIPIGIPME NG PEE SERIINRS bk agdition, a
he external component(s). The crystal oscillator emulator 100 probes or
pa‘%@ﬁ@ei‘ﬁ*‘ﬁgﬂnQti(WQﬁ‘ometﬁﬂaéxfg}HﬁPEBFﬁpdﬁ@)ﬁtseE&ﬁfé’ctg&etocfﬁét%'eI@%?‘“ator

emmg 0,-126_3”0' 104. The derived

[00108] In one case, the heater 54 may increase the semiconductor die
temperature to the maximum operating temperature. 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 fér 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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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
std@d 8 valubke Ecentsiigie 38 vary saside sisteen Jondivesiion dsytofo25example
one of the 16 output frequency levels. In addition, low precision passive
contgaliifsoitenteaips pfefe rgsponsedasnubivladanapemsiyre rremtsars @ouemipulating
cost and inventory. Each external component may have multiple, N,
the crlibratiem infrmalinnap dnderimaaiens dortp eattioltinputibeticarespond to
. predetermined characteristic level. If one pin is used, then N different
interpgdinie lRMPRIAINSRay THE saBbRIEN AR AN Parens&metpentity including a
different characteristic levels may be selected, and so forth for an
ProGERFREIRRY G ARG ARl - aBHWMATE. MREWRes of device characteristics
that for _example may be selected include output frequency, frequency
toldP4AZE, and NSasEieet daRULtRM Awr eolsranisle seledipatapeciiic output
oscillator emulator 100 may have a single select pin 102 connected to an
frequeRGiRS I TFRE WIINLE FRRP R AT U IREHFRAUSRRIES eltteceLifsih freguanspimay be
16 predetermined values, Each of the 16 predetermined values has a
Se'emsgﬁﬁajfvaﬁr@rhﬂbmmee&%%%ag I aBnprRIGNceemegted to the
output frequency levels possibly ranging from 1 MHz to 100 MHz. [0104]
seleﬁ:ﬁ BiterniNin FEIBIARLSABBIRRNT OB AYe R0 etshehigirastitors, a portion of the
___capacitars, or combinations of resistors and capacitors, but may be any
SRS TR IDi RSl PR BFShRRAEd Fssthredeh 2s selecting
| capacitance, or comhination thereof. The external impedances 106 and
valugg St impE

TP BN ER AiPRAFISFHRAR AP IR MaNSPETRSRANSLg: BseslaiRrmined

as VYdd and ground or any suitaple reference
outpu? \{requencges. d‘!%e e&tema component may be any component, but is

preferably a passive component such as 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 fo
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to the pins 102 and 104. For example, the external impedance 106 may
be connected through a resistor/transistor network to Vdd and through a
capacitor network to the select pin 102. [0105] The crystal oscillator
emulator 100 may determine a predetermined select value corresponding

I fthe i nnected to a 26 select pin.
o e 0820 ST e

=re e e S T R R R e o o epeory o
x AR RS ST R IRIEIAN P nd e tolerance ot e edermal o

a S
impedance, a range of iImpedance va may correspond to a Slnéﬁ%

corRfipeh¥alkenE e sisladnarg iﬁr@&%f@ﬂm}ge%d&ié%g%%gﬁg YLUARY lsgne pin is

be an analog value. For example, values of measured resistance from

useARSNMSHFSRRP mﬁgt@;e@a@&imsgdwg%gé@é@! YA

: . %§8 ins are used,
corresponding to 2. While values of measuréed resistance from 3001 ohms

thek? NQ0 ShaeAre-RaRRAHSE W 81digia value Q%g&%ﬁongﬁﬁ 93¢ for an

measured resistance includes variations due to tolerances of the external

inclERAERANREaKt the SOeEnGh "Bﬁ@““?‘ﬂ@%ﬂ{ﬂé%ﬁ‘gf Haikep ?ﬁergtics that for

measured at each select pin is used to determine a corresponding digital

exaraple. s rangeselctaitnl nalugs neanpelued Heinone Qi %@?ance, and

and preferably range from 10 to 16 digital values per select pin.” The

bagdtiglosrees e ERIBONABIGLIA ARIE, SPIe ChpitaMALNSIHE M ator 100 may have

combination to describe memory addresses. For example, a device

a shysdnsee siele@pinspasiulo hiarfasedminRedaRreYAluas fhRE e nominal

mapped into one of 10 digital values, may describe 1000 memory

valgddersserar okumtagisuRlves1Eheraniesisiabine, siprage lecalionss e 15
corresponding to the memory addresses are used to set a value for

predetermined values has a measured value range which corresponds to one of 16
predetermined output frequency levels possibly ranging from 1 MHz to 100 MHz.

[0104] The external impedances 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.

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

select value corresponding to the measured value of the impedance connected to a
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an output or internal characteristic of the device. 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
seleghaiactétefierabihdheyistalesritatos eplabitat 10Raé [ HGdEetBe such as
shows a block diagram of an aspect of a crystal oscillator emulator 120.
nomintad cepistduscilatoeewuteepdadimglicdessis ketedtaning 22 t0ointerésace (e.g.
to an external impedance 124 that is used for selecting a configuration of
470,thetflysGBGscillatde enedlater 1REidd eanderinabimpedansss] 24 & sigaddunt for
in function and scope to the external impedances 116 and 118. [0107] A
meagasirsmieiersnogs k16ictivenéoeh tuehefstiecepierhap immaianes, an range of
~electrical characteristic that is a function of the external impedance 124.
Impetaneganiilssa may nmesphrds tppliesinglthearttrvalimpedascesind value is
the voltage that is developed across the external impedance 124 then
prefenably redighao/aiueoltagemmanibe inepaessediagraskithe Eatesrainple, values of
impedance 124 and then measure the current. Any measurement
MeagiHgAiGRSIFENER ST 74 PA VRS donFiBfenisns aydyehesedsuciatedsvith a digital
the electrical characteristic including dynamic as well as static techniques.
value carsrrondngsta dnefthite alyessah oheds tireth gesistaitscainato $801 ohms to
digital converters (ADCs), and digital to analog converters (DACs).
470 RhEra e tReSAkRiedradtba digital nalue mghrespemdingatg8. Thise measured
_measurement circuit 126 may generate an output having a value
resisigner JBAYRRFIY3RatRISCoE e tteraRterpetien exterdalTiedanse and the
may be either digital or analog. The same output value preferably

internal mGandramaryesiuikedihalimpsstirnrsenarmed ebepdnsatedopinatuesed to
determine a corresponding digital value. The range of digital values may include 3 or
more digital values and preferably range from 10 to 16 digital values per select pin.
The digital values corresponding to each select pin may be used in combination to
describe memory addresses. For example, a device having three select pins each to
interface to impedance values that are mapped into one of 10 digital values, may
describe 1000 memory addresses or lookup table values. The contents of the
storage locations corresponding to the memory addresses are used to set a value for
an output or internal characteristic of the device. Another exemplary device may
include two select pins, each configured to interface to external impedances that are
mapped to a digital value within a range of 10 values. The digital values in
combination may describe 100 memory addresses or lookup table values that may

each contain data for setting a characteristic of the crystal oscillator emulator 100.
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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 external

impetiesice v&igese h gingisomusertardrins e addeAtop RMsy@aY oscillator

correlate to a digital output value of "0101". The actual external

emulaipedtle VBheesaystal ssiitof theniigasiureP0exieiiabingesaBee pin 122 to
value to account for the value variations. For example, in the above cases

intetfaeeadtuahesxeznaal impedance idyehmighieedrasn 2416BQONBSAGration of
from 36 to 50 ohms. In each case an inexpensive low precision resistor

the ongstadenseléttateim hiaver 4 261UT lnerekad avithietht RNYR4 SHehaBiA function
ohms and 43 ohms. In this way, inexpensive low precision components

and pegpbdafedsismatirapedzystes retgaraf high. precision outputs. The
select value may be used directly as a variable value to control a device

chi®d 6 istichof theasysialartcitatariemaitact2@clde variahie ¥alsg pin 122
may also be determined indirectly from the select value. [0108] A storage

measicelt a2 Blevifidathivractadbtie tabias shaintiorbs! Brestedras o 124,
of the select value. The storage circuit 127 may be any type of storage

For swampte iactudiegtomate bisasidpplisdbie thereatyrsttic|padaweastia the voltage
memory, and look-up tables. [0109] For the case that the measurement

thatéﬁd@Y@lQB@bﬁ@l@&Bﬁiﬁﬂu@demalLiemmiﬂrimeﬂdheft@r_@aeured. Also, a voltage
correspondence to the external impedance values, a digital value
mayegdmmrrssedeaiagatibe seteinalompetualce 1@4 setetieminedbate the current.
corresponds to a range of external impedance values.
Any measurement technique for measuring passive components may be used to
measure the electrical characteristic including dynamic as well as static techniques.
Exemplary measurement techniques include timing circuits, analog to digital
converters (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 corresponding to the value of the extemal
impedance 124. The output may be either digital or analog. The same output value
preferably represents a range of external impedance values to compensate for value
variations such as tolerances in the external impedance value, interconnect losses,
and measurement circuit tolerances due to factors including process, temperature,
and power. For example, all measured external impedance values ranging from

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

While measured external impedance values ranging from greater than 32 up to 54

28



[0110] Figure 7A shows a relationship between groups of impedance

values 150 and associated select values 154. The groups of impedance

values 150 may have a one-to-one correspondence to groups of digital

output values 152 which are converted to the select values 154

associated with each of the groups of impedance values 150. The
ohmimpeslangaretdies tanginfditamcutpinimeuinpedanes 29 y@gedetdal external

maximum impedance are separated in into three or more groups, with

impeiEtivgroajubsviag axnaubtaltinpatienehedberag MR BPedRRERMBL 8lue to
of each of the groups may be selected to have a spacing between

accountiioatiimpelsncearistives, Ferextepleminahyaluese ZabiBaaetds! external
ohms, of the groups of impedance values have a spacing of 16 ohms.

impéianspacihg dehigrarbihérgnoBasiol Bopstianrcantdliiemisentesra8hms. In each
based on geometric progression, however any mathematical relationship

casavayibexpsediiedotalpistisipacisgideinesly the ssBasSCh=A® a value centered
logarithmic, linear, and exponential. The spacing between impedance

withigrdbpsramge be beis essoB 7amhnimpadnt® e of thetBrowrs infesifhaive low
nominal value, an average value, a mean value, a starting value, and an

precigiaingaapenétastorahaeinikezhte seltmtioambiigstimpedgacefange grecision
the groups and the spacing may include various tolerances such as the

outputisraheeseletticvakerna yrhpedacdjrhetijoler anceriabietesnad voltrgrang device
current sources, and the tolerance of the measurement circuit. The
changitatisiieohibg doystabospibiaber cansdatty 1R0ceThetemxtiatvetuantay also be

power variations. [0111] Figure 7B shows a relationship between ranges
detesmingsb ihdiestiyaiies sssatechssboimted select values 158. The ranges

of impedance values 156 have a direct correspondence to the select

valfd98ks. Thesiofrgtamiewiblies rawayingdhode aveniabiaimdlnpedhatemay be

value to a maximum impedance are separated
selected as a functian of the select value. The storage circuit 127 may be any type of
storage structure including content addressable memory, static and dynamic
memory, and look-up tables.

[0109] For the case that the measurement circuit 126 generates output

values that have a one-to-one correspondence to the external impedance values, a
digital value determiner 128 may then set the output value to a select value that

corresponds to a range of external impedance values.

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

impedance values 150. The impedance values ranging from a minimum impedance
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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

valutheorangesdhimpenpaceeluarel 58 putdResariaeA FRIRCLBIMALGIIRR  with

may be implemented by, for example, a nonlinear analog to digital

eactcgryepealieg shewnindd IhabBetesing RaHolaifid iPpRRAULSSRues of each of

generator 130 may determine memory locations corresponding to the

the ghigilpbontpubeadetscrasasintebvitE RIERIGBINBERABRMSPINBEIEHLR values.

the select pins. The memory locations may be grouped in any manner

HeresLitle ammilis!l fealasinglie skiastpin, 46epkte, GlRd @r&WS§8ﬁﬁ‘i§Eﬂ%nce values
and a third order table for three select pins. [0113] A controller 132 may

havesatspeevigotheraltasistichef shacingstsdtoseiatey uupater FBfAce values is
function of the variable value. The variable value may be generated

prefelisdiylpbyateomersmetmenpciysiisiteictibinedeindiipaiufremitesaestionship

value, and determined from the contents of a memory location

maycberesyeohtingstaittish esplaniay itngterturcehenlgres ponRAeski I0GSBRIGE! lincar,

pins. [0114] The select pin 124 may also be used for implementing an

and aigitoeatiaunditen spetirg betweretowmpEiahqo yeupsakiay BedBased on any
selection, reset, and synchronous operation. In this aspect, the select pin

impefanbe s@inesad theiltrpupsose! it tpiodRddovalosfigHringRgevEta, a mean
oscillator emulator 120 as well as implementing the additional function.

valugn s Staringevalsige cind frstenadigg obipedangervatussishisnessessiedisn of the

impedance range of the groups and the spacing may include various tolerances such

as the tolerance of the external impedance, the tolerance of internal voltage and

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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multi-purpose select pin 124 may be used to configure the crystal
oscillator emulator 120, while operation of the additional function may be
controlled by a voltage or current impressed on the multi-purpose select
pin 124, or impedance values outside the first range of impedance
values. 31 [0116] Figure 8 shows an aspect of an oscillator assembly 200

valués gthieratey aveoirtmieinevitegiatyerifulicowavgfieyma Thenisediatanalog to digital
assembly 200 includes a crystal oscillator emulator 202 to drive a phase

convedietdopt @horid04. The crystal oscillator emulator 202 may be similar in
function and structure to the aspects of the crystal oscillator emulators

deftiR]d abBeéerfihg bscilatm Fasse miny=2d0asey nrelngRanBotyngy etermine
PLL 204 such as digital PLLs and analog PLLs. [0117] Multi-purpose

memyeie dogatierz0coars 2O8dngytbéhesdibial sefgeiioranfethasperatétowith external
parameters for the PLL 204 such as the divider factor. The multi- purpose

impegsecepingrresiadd@titensaleatine UBke foemanyrdbeatibaparatiobeogiteped in
crystal oscillator emulator 202 such as output frequency selection and

any reesptoswitaaseteliehier dosigbe saliecapim, Exderasb resikides 246 ssidct pins,
212 may be connected to the multi-purpose select pins 206 and 208 to

and ediaicd wrd e@pehiaigriterpeeselectpinsanges of values of the external
resistors 210 and 212 correspond to the selection of different operating
frelfidddies. Aaconésatienal Besigtey 286t amdd2iomashbeasteristic sfldnt crystal
~one of 16 predetermined operating frequencies. In combination, the

oscilgieramulatsisiole 23 @ dvaction afdhserratiiovaineontse 256iaplerating may be
frequencies. To control multiple functions, each of the multi-purpose

gene@tad girpetndw e ue asayereesiversighateteonmineifferdineoiytagen the select
ranges. For example, one multi-purpose select pin 206 may connect to an

valugygid fletasrsippg frrr tbesapntents whleageemane location corresponding to the

external impedance values connected to the 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 impressed on the multi-purpose select pin 124, or impedance values outside

the first range of impedance values.

31



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. 32 [0118] Figure 9
shows a spread spectrum oscillator 300 for generating an output signal

hajlnd 8] varidtije fecgseiooy dhespeadsan@esMAsFHaemN0 206 88nerate

a crystal oscillator emulator 302 connected to a PLL 304. A frequency

an outpitdiaiénice penoetiadtiesfoenerysiat oscillater esudaiBn MR udes a crystal

dynamically control the output frequency of the crystal oscillator emulator

oscilt@iar Eneufeique0lyteanivel sleriaeenrybecaiy (HeViFe04 e¢MaIGYstal oscillator
including a varactor, controlling the bias current source of the

emusaton iRiucayr bediimicr sndueotivallngitheroefirel ioRrHE walRaes alRd crystal
to the resonant capacitors of the semiconductor oscillator. [0119] Figure

oscill@twhemsleierspizatitbed apovepeThef asviiatar erbaiery S0/#a) tiude any
block 400, a semiconductor oscillator is provided for generating an output

typegifjralLhaligueipesatigitalaeferamdCantig el tosblock 402, the
semiconductor oscillator may be calibrated to generate a constant

frefflidTdy ovétultimenpetzeraaiect Binge20bteMpOEBUIR ) HENRESRECSLBRtoN of
calibration may include varying the temperature of the semiconductor die

the eperaiipgeperemstard tompeeaRlre PAdgsuastd ascdseiriigealiBsation The multi-
information for maintaining a constant output frequency. The die

purpesapReieth @inmple anca0Bethay thisuidinitysefttier sentiedrmidcperation of the
oscillator. The calibration information may include control input values

crystalesaitatoternperianrdZausiaiasamitpyu frogstantyossisttivacaeneycdpton of a
calibration information may be stored in non-volatile memory on the
refergiiercelastider calibration.  External resistors 210 and 212 may be connected to
the multi-purpose select pins 206 and 208 to select the operating frequency. The
ranges of values of the external resistors 210 and 212 correspond to the selectian 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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die. At block 404, an operating frequency may be determined by probing
an external 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. 33 Continuing to block 410, the
semi@dA8lictor tigurady Hwwsaespoeadaipattonnesilldier 80 for generating an
temperature to one or more predetermined temperature levels. At block
ouiph sigealohgvinapat yaEgle feavsieeyas 3 fiensposadf tpedimim oscillator 300
_ temperature to compensate for changes in the operating frequency of the
inChiApat %i@%@émﬁéﬁﬂft@ﬁw&ﬁ%r@%&mm tsioreBldaliB@dtiorA frequency
information may be used to control the control input. The calibration
coffalAgNie nfanBetRG deiteetgistalcqenil|sipatemsiateat 30Femsyndyoamically
stored temperatures. For other die temperatures, the control input value
CORfERl Hae ettt Heaabr Plettf raysi@inastateramdatar. 8htinthegfrequency
block 414, the frequency of the output signal may be dynamically varied
coRE {RHHRATEH L TILREY o SPSRA o Iy o deFasionsantroling the
. aspect of a low power oscillator 320 for generating a periodic signal. The
b‘ﬁ%ﬁ% F&éﬁfﬁ%t%v{ BSOSRIDIGARLUEIR) Q5 lRIGNafRerAD mbingothepcontrol input

silicon oscillator 324. The crystal oscillator emulator

Vog%gi?é%?%fc&t%%tl‘i%SBHaé}%l‘fé‘WG?@%%QBBQ@PEB%WH&RW%”a‘fOF-
e L e e
AT e T AL B——
o YN BB R SR om0 block 402, the
semiconductor oscillator may be calibrated to generate a constant frequency over a
predetermined range of temperature. In one aspect, the calibration may include
varying the temperature of the semiconductor die over a predetermined temperature
range and measuring calibration information for maintaining a constant output
frequency. The die temperature may be measured in the vicinity of the
semiconductor oscillator. The calibration information may include control input
values versus die temperatures for maintaining a constant output frequency. The
calibration information may be stored in non-volatile memory on the semiconductor
die. At block 404, an operating frequency may be determined by probing an external
component.  Continuing to block 408, 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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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. 34 [0121] A
summer 326 may determine the frequency error between the active

Contilidog tsdilater4iptieasdrtiecrryattbosiidaienepilpatsliiutobled to control
controller 328 may generate a control signal, based on the frequency

the dierdemperatire therfeequemsy pftsaativiesticanmscitlaiend24s Te block 412,
controller 328 may also receive temperature information from the crystal

the csrilialoirputilaney322. Toatielbratsre iffortiatioofmie ingkidesmperature to
temperatures such as the temperature of the semiconductor and the

compéiisieis: fempeannee.iTlibecopeaiin@ZRmanincloidthealibtpiosignal caused by
information for the active silicon oscillator 324 similar to the calibration

tempafeihigtiohangeabe dhystslomstitaibrationlaord2tichhe &g geansydeistontrol the

may be used to set an initial value for the control signal and then the
contighipevaturidhmfelitaabonirforniztiatiomaythe¢hesadtidizestic dor efisitataperatures

calibration information may be used to update the control signal while the
that epfeesposeliiatstaaiiaropezrlssoweedttienicl teoeeestiaest, the control input

temperature sensing circuit of the crystal oscillator emulator 322 may
valugefigih beowitianeiaiasbiveredise staredniaimatdenferatatiomfodoationing to

m@/ be supplied to the controller 328. The control signal 334 may be
block#idr Hhgitirar anaya. thermitpohsigre maysheigiyalamidiital-4iethaog function

converter (DAC) 330 may convert the control signal to analog. [0122] A
of a feauansyIEtRlsignabsponse to the control signal 334, control the

sudelg of power for the active silicon oscillator 324 to adjust the operating

120] Figure 11 shows an aspect of a low power oscillator 320 for

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

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

shown in this specification.
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frequency. The supply of voltage and/or current to the active silicon
oscillator 324 may be controlled. For example, the regulator 332 may
control the voltage level of the supply voltage. 35 [0123] In operation, the
active silicon oscillator 324 is normally in the on state generating a
periodic output signal. The crystal oscillator emulator 322 is normally in
thE0dR tate AnIHENBTLELIRE dnByr Afteraipertion dfeheanyytaruschitween the
. emulator 322 may be powered off to conserve power. At a predetermined
activgrslicoibaesiligiapslidaub and dheseaystalinaoiainurnuriaze. oiiput. A controller
semiconductor oscillator of the crystal oscillator emulator 322 is then
328 rafyrarne e theatrel sanalatirsediamatienfrenesnsyuerroy, dbtteontrol the
output signal of the crystal oscillator emulator 322 is compared with the
frequpsgyeRicier activeugilieeiynartietae 324ve BhrsrpoticliarcsZRmay also receive
determine the frequency error of the active silicon oscillator 324. The
tempesatise dipranationciiamydbencrysieecibaies pavilatary 33Por, Taaidegrerature
. . shiftin the supply voltage from the voltage regulator 332, leading to a
mformﬁwgerfmﬁaqﬁafﬁsumwaﬁe%fsm asithesipopenaitinatet the4semiconductor
reducing the frequency error. [0124] Figure 12 shows an aspect of another
and 15, HORENLIRMBRSALEE fof NgSRI1ARNEr 338 Bal: i5elHeR FREDRGNqsIREMation

_oscillator 350 includes a crystal oscillator emulator 352 in communication
for thg Ak SHIGE B RRIRENI At SMiare (bR SRl essina oY emAtRY B5ane crystal
~hormally in the powered down state to reduce power consumption. During
osoilElor Sl e sIuhe, KRAPAMGPEISOTRN B tHEdSiEe oaniRakiH value for
th emulator 35ﬁ may be powered down. At predetermined intervals, the _
© e QA ABH SRR SEPRRRISE BUEREUlD AP TR E e active

.. the charge pu oscillator 354, The predetermined intervals may be
5"'00(5}9@%3}?}1%5@ a;?agbrllnformatlon m%y be used to update theycontroi signal

while the crystal oscillator emulator 322 is powered down. In one aspect, the
temperature sensing circuit of the crystal oscillator emulator 322 may remain
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 fo analog.

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

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

the supply voltage.
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of any circuit parameter such as operating time, temperature change of
the semiconductor, ambient temperature change, temperature of the
semiconductor, and supply voltage change. 36 [0125] The charge pump
oscillator 354 may include a charge pump 356, loop filter 358, voltage
controlled oscillator (VCO) 360, and phase detector 362. The charge
purtfp183tillatdn Imprakanildhénageticuncosvitationa?ehiargermamyp in the on
oscillators, except that the reference input of the phase detector 362
state @enesaiing:faramrriodiockgignblsignalthd ke stasiatikasciisoiulaiouaR?. 322 is
[0100] A multiplexer 364 receives the output signals from the crystal
norggdiydioineratiisteiessindhe vfé stategeithenploscidapartitotthe oftial oscillator
output signals is selected and passed through the multiplexer 375 to a
emplainie jekEtRIbS BOBETRd Pifate okee BopABErgerdratgsatesmtpified time,
signal as a function of the output signals from the crystal oscillator
POVh it ABPYiEsD tanienerysialges pill aiprostiikator 3B2. [ONHed senvgmmatiotortbecillator
charge pump oscillator 354 is normally in the on state generating a
of theriaiapsaiiatpraemuatan 322 dschineor eatibtater 362Hstheostativt inalibration
.. the off state. In the off state, either all or a portion of the crystal oscillator
infogmaliator 359 Hegueaporiies eyt siunsl phine costainustiiatdtemulator 322
. redetermined time, power is applied to the crystal oscillator emulator
Is ngﬁaf%‘é Withthefreruanoseiiieraitn sigeellaidbitaotiemiiator 88dliator 324
égen calibrated with the stored calibration information. The output signal
to datRmingtae JLemasncynaiiatoPBiasastivepaiiepwitstitataryS2dsigideotontrol

. th rge pump oscillator 354 to determine the phase error of the
S‘grﬁfa?%]‘éa B%ﬁﬁﬁ%%éﬂIé%PQQﬁ?WéW@W@MW&OMGQ @ shift in the supply
voltage from the voltage regulator 332, leading to a change in the output frequency of
the active silicon oscillator 324, reducing the frequency errar.

[0124] Figure 12 shows an aspect of another low power oscillator 350 for
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 femperature change, temperature of the semiconductor, and

supply voltage change.
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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. 37 [0102] Referring now to Figures 13-15, an
integrated circuit 500 includes a crystal oscillator emulator 502 that

gerkrt28} a clobe sijarjeqnerpy owitioe B4 dyinnEadeleg@iarsisyihp 356,

500 receive the clock signals. The crystal oscillator emulator 502 can be

loopnifilenirtedciinde soritied et oseilatonMEO) 380t TiDHFRES dblediBE 362. The

circuits 502 can include a processor 512 as shown in Figure 14 or other
chasgeupsmn eseifatirc3ipasesinBRE canaptietiotly toe sisembinisplaCtfge pump

clock frequency of the crystal oscillator emulator 502 as shown in Figures
oscillzitang, 195:qepd iR efeeringferande Figuresfl6haSpleastagtattdCBsditreceives &

518 includes a clock divider 520 that generates clock signals at other one
refesehssrlothesigraldrdredhermietdbosiitiaitsratanlatb2352. ..., and 522-N

(collectively circuits 522). The circuits 522 may be interconnected to each

othé 19@hy mAnnutitiPlexetodiodivideriaR0 dividestie drelahy aoAMteger crystal

such as X and/or multiplies the clock signal by Y for 1/X, Y and/or Y/X

oscHginstnentiatandshendithierS2ogeapainp useitieoabre GEgiiPNRe output
. ratios and/or divisors for producing different clock signals for other circuits
signgls iy helesiad owid sBe b iatoN-thelookitiesds a35hoven padsd locked loop
circuits 522 in the integrated circuit 518. [0104] In Figure 17, one of the
366irdLfie PleAsgeoakeehdeeroBBB@ETIRIaMRS cs STItHBD signaieasonrieeietibn of the
to the clock divider 520 instead of and/or in addition to the crystal
outydctignste rematiesaysiat arrifietcrsienites 8 3625 thanthaaf bump oscillator

35400mmunicate with the clock divider 520.

[0101] In operation, the charge pump oscillator 354 is normally in the on
state generating a periodic output signal. The crystal oscillator emulator 352 is
normally in the off state. In the off state, either all or a portion of the crystal oscillator
emulator 352 may be powered off to reduce power consumption. At a predetermined
time, power is applied to the crystal oscillator emulator 352. The semiconductor
oscillator of the crystal oscillator emulator 352 is then calibrated with the stored
calibration information. The output signal of the crystal oscillator emulator 352 is
compared with the output signal of the charge pump oscillator 354 to determine the
phase error of the charge pump oscillator 324. The VCO 360 is then 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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[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 38 be provided. The processor 530,

graphics processor 540, memory 542 and/or other circuits 544 may be

inteﬁ‘éb%ctetﬁ{ﬁ?ffaiﬁi@@lmmb@ migutes [BL06] Refetegmtemhcicchigsoe kludes a
an integrated circuit 600 includes one or more circuits 602-1, 602-2, ...,

crystat so2lniqc gracirien 202 Uhaboenenetes e avpgiosignakcillater &2Mmore circuits
which operates as described above in conjunction with Figure 11. One of

S04tip dheuitdagriedcritri PRIt asssivs thowloak aignalclodheividesta(noscillator
shown) may also be provided as described above. [0107] Integrated

emyialaR SR8 frripmentadedrsid esprbrdogibgven itavi]UHutigrackigFigures 1-
material may include plastic. The IC substrate may include pads that are

12. conte @ErHitieal2 6P8 instidaraapyIssatnRies. hshovsulistFagerentd or other

. bondwires and portions of the leads may be encased in the plastic. The

CIrcHiSperfis BfteMap BB RaB crRt eptionaiblbesuddd packelgitigthe clock
the IC may change over time. The changes may cause an oscillation

frequency g siehalgpitaion smutatanfls\es shewTireRiparepsaratie1 5.
paclléa@in(f male%:)e due to chan%es in the dielectric loss of the packaging
mater r (HREETRG BARHGEIaHEsS PEckBgamyintegrated bircdité 18 includes a
water gbsorption of the packaging material at different humidity levels. As

clock r‘gglaﬁrﬂ‘éga@@&gﬁ?@ﬁ{ﬁf@ﬁ%\@@y fafate atkithebrnealisratede other clock

accuracy, [0108] Referring now to FIG. 20, an integrated circuit 700 is
freqyencies iae Grrkils,agRabims Ardterial 204 B220NI(Rgteaticehtioirauttsas22). The

. €an reciated, characteristics of the packaging material 704 may
c:rcgﬁar%?efcﬁ%yfmelgﬁa%pagqed to each other in any manner. The ciock divider
520 divides the clock by an integer such as X and/or multiplies the clock signal by Y
for 1/X, Y and/or Y/X adjustments. The clock 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 dividef 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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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, 39 the term dielectric loss refers to
loss of energy that eventually produces a rise in temperature of a
be preldduit plaeeprvcassaitesalingeleickiprbielkbdreatingresies 1842 and/or other
"molecular friction" of dipoles within the material as the dipoles try to
circritsrizht rmniseivtes cuitiméiutedsioiltatingieiettinaihfield of the incident
wave. For example, when heating food in a microwave, the dipoles

assifdiffdd witReferdndnrite fooBigubeat® aad #tehestiad chemesTRiatRl8es one
such as certain plastics are not suitable for use in microwaves since they
or AP EMBitmGeR-e&0Z42ese matdrialHave dightidiealritless02) and the low
characteristics. Other materials such as other types of plastics experience
POVIRAiCO8FiaipiedBRg Whis @ peaateiala hiales doived dibleetrinlessjunction with Figure
characteristics. Since the circuits described herein may operate at
11. nfRie\vhbeftitpuitscraaylivelditseaticdosssnatesialscwe pitedameda [BBeR] divider
Water absorption of the plastic material over time may also adversely
(notshrwne agy-alen beqrrigesiasd estmbéhabavigh dielectric loss,
increased water content in the packaging material tends to increase the

diel@3PEl losdripaiatpdcieitintsmé@)iatrn diipcdintusasatiea pRckagifitkaging
material may also be a low stress material. High stress materials tend to
malgeRh, adPetagingcmairoalmunainctedstivlestiadjberiCikabitsstgahas include
by changing channel lengths. As used herein, the term low stress refers
Padg thatRERFRIAREGIS IRatsricriiepd Haible byonavirengEitheC substrate, the
electrical characteristics of the integrated circuit due to changes in stress.
bonginiess @nd perhienseidie brdsipradreemeassdl indbe plaséctrithessroperties of
factor . .
the packaging material that is normally used in packaging the IC may change over
time. The changes may cause an oscillation frequency of an on-chip oscillator to drift
over time. The changes in the packaging may be due to changes in the dielectric
loss of the packaging material over time. The changes in the packaging may also be
due to water absorption of the packaging material at different humidity levels. As a
result, the packaging material may limit the achievable calibrated accuracy.

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

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

time, which may have an adverse impact upon calibration accuracy. As used herein,

39



(DLF) that is less than or equal to Teflon at the relevant frequency of
operation, such as greater than 1GHz. 40 [0110] Referring now to FIG.
21, an integrated circuit 710 with an on-chip semiconductor oscillator 711
with temperature compensation is shown encapsulated in a packaging
material 714 having a low dielectric loss according to the present

theiieantidielatis pietagefgrmateliss? bi eaarhe thatastisaskadnsduces a rise in
material having low dielectric loss. As used herein, the term "low dielectric

tempesatteieite diaterkis panddga afielslittnindting iatisdassahan lesEhRls due to
to Teflon at a relevant operating frequency of the IC. The operating

"meleeuancirisfiond 10f ndiyolrs alithin] Bl zraatiinal 226 Gz, FPSIRAMAUBIreorient
material 714 may also comprise Teflon(r), Teflon(r)

themsigieesomsithirtheo wisiliglinge (GRETHE),) Taflongr) thefioe(deitainadedor example,
eth(}/,lene propylene copolymer (FEP), perfluoroaikoxy) (PFA), Tefzel(r)

whepeafing(fpedpilyan encdethe b eamtipekssflassoetde ngifE WEar BWthe food
_ dielectric loss plastic, high quality glass, air and/or other materials. Any
vibisiitea P AagNRRingte o aviigritidentch lascdhalriplasidbanonsusatable for
to Teflon are contemplated. The packaging material also may have
USG iRV RBINGDshigiichsUrbl idRefercmdheaty tTHdSE A2atefials have high
. exemplary implementation of the integrated circuit package of FIG. 21 is
dielgctin las@irerarastarnisiiesintcgthesd mateitajsackete 34 Boithelridgpean of plastics
integrated circuit 724 that includes pads 728. Leads 732 of a lead frame
eXpeigiee chitise®Ed MY BiaiinGes 7Bhasethenateraloshalvinelovwegratidectric loss

circuit, As can be appreciated, the integrated circuit includes an on-chip
charaptRrsigSetoriaeRiator vals it steaanikechhpesis ativry asmieateibed microwave

above. Portions of the leads 732, the bond wires 734 and the integrated
freqensies oy dielectric loss materials are preferred.

[0109]  Water absorption of the plastic material over time may also
adversely impact calibration accuracy. Since water has a high dielectric loss,
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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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 41 types of packaging such as ball grid array (BGA),
flip chip and/or any other suitable packaging technique may be employed
in this embodiment and/or others that precede or follow. [0112] Referring
noWd MG 2Refrranernaw tatEdFEuet ciacuintegritegbcifagiintiodeitraan on-chip
on-chip, temperature-compensated semiconductor oscillator 741
semyjepprhintpiosrdigtes it imitntemperetise mbuopensatidhessshieenductpsulated
. oscillator 741 comprises an integrated circuit inductor 742. A glass layer
In & packagiRgemesatial fitdgrardagirnwutisientsia A0sssagardary thirthe present
. epoxy layer 750. The epoxy layer 750 may have a low dielectric loss. The
’”V%THQQ-Iaféﬁ?ﬂﬂ?‘fﬁ@@@dﬂﬁ%@@r7/56 mrythe inpgstitefasiagirayibsttaieal having
740 are encapsulated in a packaging material 760. In this case, the
low flislegiic dessorARc/pae KRR mBRAams liy dirleatrit s thefistaocmaterials
between the inductor 742 and the packaging material 760. Therefore,
having fydielRaiic inskthat idesmifianonieeatalrie@aitosalf theslevant operating
ackaging material 760 are less critical as a function of time. However,
frec@\%w&fa fd tatdimaPrarabiagdregierrayiofiths B amaiahantibving @hizsand/or
I is shown over the entire integrated circuit, the glass layer may be
24 I?r%t to A AIRGKASINSh mRtRERktel] Adimedntalsahsosepnisendiefton®, Teflon®

oscillator. [0113] Referring now to FIGs. 24 and 25, an alternate integrated
Po%ﬁﬂﬁ 0%%1&888@%@”&% afFSnlEi. setedionductbefinnliatueroateing ethylene

é&f %Egsent inventjon is shown. This embodiment is simglar to that shown
PrORVIENR SRS o) JoriliRirsH kmnFIET 2R Tetreévanthéefias copolymer

Ig¥qr 744 d%fiPes cavit¥ 746. The i
of ethylene and tetrafluoroethylene (ETFE), low dielectric loss plastic, high quality

glass, air and/or other materials. Any other packaging materials having dielectric loss
that is less than or equal to Teflon are contemplated. The packaging material also
may have relatively low water absorption.

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

plastic packaging material having low dielectric loss. As can be appreciated, other
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cavity 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 42 layer 750 is formed between the glass layer 744 and

the integrated circuit substrate 740 in areas other than the cavity 746.

The glass layer 744 may be etched to define the cavity and dipped in
typepokpastipaiaatycheagiaall igidranay i(RBAY, fiplipip eyt ehglaser suitable

and at least one layer has a cavity formed therein. [0114] Referring now to
Pagkpgings tackairietomstyarbenarhiiaerdicondiistoerisotiatentandier others that

adjusted based upon temperature compensation as previously described
pregeiRer idlewn be appreciated, however, there are other ways of adjusting

the oscillating frequency independent from adjusting the capacitor and/or

indiRidRbt thBeEmibenbowtde Jséilalst. @1 HleRedteringegeatdd EiGuiR hackage
an integrated circuit 830 includes a fractional phase locked loop 831 with
738 m‘r‘&%#atarb QarehiensiefBRariuteTIRmpatsate FemiEtockeddoesafdior 741

a
includes a phase frequency detector 836 that receives an output of the

accorrlipehte dnererrssstiinentan, Whitisamhadimentd dseriseiahaiedinescilator
phase frequency detector 836 generates a differential signal based on a
741 FRIRHEESRABEYRIRRkFERLE RERHITCT4hd A VIS femrahby isThended to the
. differentijal signal is output to a charge pump 840. An output of the charge
'”tes[ﬁ?ﬁﬁs%@% TRREBtE N BPtisviag Gopedhau eparyolayrit B58he Toepsfitay layer
75 844 isbin utto a \(olta(%g controlled oscillator (VCO), which generates a
Orey Ba GLA IRWiAlple i [Rssey Tthaalass iavand 44y thagompUatiee756. and the
An output of the VCO 846 is fed back to a scaling circuit 850. The scaling

ISl SEB LR AR B RGO irée émey RapKaging mawital T 6D. In this

ang N+1 divisors are employed, the divisors may
case, gxe dielectric l%ss o? the packaging material is less critical due to the distance

between the inductor 742 and the packaging material 760. Therefore, changes in the
dielectric loss and/or other characteristics of the packaging material 760 are less
critical as a function of time. However, the packaging material can be low dielectric
loss material. While the glass layer is shown over the entire integrated circuit, the
glass layer may be limited to a smaller region immediately adjacent to the
semiconductor oscillator.

[0113] Referring now to FIGs. 24 and 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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have other values. 43 [0116] An output of the scaling circuit 850 is fed
back to the phase frequency detector 836. A temperature sensor 850
measures a temperature of the integrated circuit 830 in the region near
the IC oscillator 832. The temperature sensor 850 outputs a temperature
signal that is used to address calibration information 858 that is stored in

layatefhbris 856natihetlantectivelrrionyRiormatisndshespinAd G §ubstrate

scaling circuit 850. The selected calibration information adjtists a ratio o

746hip divisprstieatitaN tehahitierased ydhgaacal| Pmiﬁé\zebd@%g?ge&tg define

Referring now to FIG. 28, a Delta-Sigma fractional phase

theiscghityvaridr dip et gratepoxycuiABRLBIRlyNahslasAtempsT %Mg incltéjdljsstmulﬁple

compensation input. The selected calibration information’is used to a

layers ofiglassofreiQigteasbelte tpetaierBZaviT e aalested cajoration

information may adjust a modulation between the divisors N and N+1 that

are [03ddby thaafeating ciowitd3RH (036, 8% RefSEMS MVEARLCH8 SA AWM ductor

chart 900 illustrates steps for measuring sampling calibration points using

oscilairramervesfittidy sigdritasetd wpeneraiminersaliaralishrAaGANYS) previously
begins with step 902. In step 904, control measures sample calibration

desseipes aba\surdincahtbenpprataiatedn [store986, lingarafiBEditiRgs of adjusting
algorithms are used to generate curves for other temperature points

therpaqikadinenBesuapley jotrepemrsterfa08, atjosbhgnHs. dapaStdriSEGinductor of
now to FIG. 30, a flow chart 920 illustrating steps for measuring sampling

the saiBieashptsinessiliatosing higher order curve fitting algorithms to
generate the calibration data. The steps shown in FIG. 29 may be

impi@fisdted Befrgrmagonputés tAiBin@ndemaiptegased aReUNEBOYncludes o

Control begins with step
fractional phase locked loop 831 with a temperature compensation input. The
fractional phase locked loop 831 includes a phase frequency detector 836 that
receives an output of the integrated circuit oscillator 832, which operates as
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 8486 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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902. In step 924, control measures sample calibration points at a plurality

of 44 temperatures. In step 926, higher order curve fitting algorithms are

used to generate curves for other temperature points between the sample

points. In step 928, control ends. [0120] Referring now to FIGS. 31A-31G,

various exemplary implementations of the present invention are shown.

ReftHih8lnowAd FaGipst Aftibe peessimgnuiotinnasn e fewlpasntes ifed phase

hard disk drive 1000. The present invention may implement any
frequenma @eterianiBSbeh Adamberatubethesigon 8 losrasingans lereesisgire of the
. Circuits, which are generally identified in FIG. 31A at 1002. In some
integrplesh&ineuibrilhin sigralqgiore seiay dmel/0C costiitdiorcaB 2 00PN &iperature

other circuits (not shown) in the HDD 1000 may process data, perform
SengedirtPan i dciyptmppeatorm csignaatitves, dndieetbrroatadatiesiatdslibration
. output to and/or received from a magnetic storage medium 1006 [0121]
inforRatipn § 9% tetiasteathionmzneonitB 36h oEhd el ed calibmtiprsiFbrasation is

a computer, mobile computing devices such as personal digital assistants,
“Seéeim%G’Jidh‘bﬂ@s,Sﬁ?éiamrérquilbgfpivaya‘maadehmukeamndtmmmmmew@e%djusts a

.Vvia_one or more wired or wireless communication links 1008. The HOD
ratiq g ghs 4V ise BNt fothaé s sed by doh ssalinioinut6dgs

memo%/ RAM), low latency nonvolatile memory such as flash memory,

rea

me [ROMICRh dPoF Hhe PBuiaalbleltelSigronidrdativatrabase locked
0122] Referring now to FIG. 316, the present invention can be
loop, BRénishtelama drfitAveieiaaemtest @ren) BRR 164a0. ifitlagessenttemperature

invention may implement any integrated circuit such as either or both
wn@&ﬁgﬁg%% %Hg/gglected calibration information is used to adjust an output

of a Sigma Delta modulator 870. The selected calibration information may adjust a
modulation between the divisors N and N+1 that are used by the scaling circuit 844.

[0118] Referring now to FIG. 29, a flow chart 900 illustrates steps for
measuring sampling calibration points using a linear curve fitting algorithm to
generate the calibration data. Control begins with step 902. In step 904, control
measures sample calibration points at a 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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control circuits, which are generally identified in FIG. 31B at 1012, and/or
mass data 45 storage of the DVD drive 1010. The signal processing
and/or control circuit 1012 and/or other circuits (not shown) in the DVD
1010 may process data, perform coding and/or encryption, perform
calculations, and/or format data that is read from and/or data written to an

tenpricdlssraliestesdi26, higiten osteneunvelditiegtatipnithine signaked to generate
processing and/or control circuit 1012 and/or other circuits (not shown) in
cunygs fythel eomembupedons betecemttosasydh psiatotingand/s, control
decoding and/or any other signal processing functions associated with a
engsvD drive. [0123) The DVD drive 1010 may communicate with an output
device (not shown) such as a computer, television or other device via one
or k8L Wired Befamarss Bewimuticatibimks 30473 The DWBrbAE0 maemplary
. communicate with mass data storage 1018 that stores data in a
Imyemesitationsaiiee. mesenhirveationarayshaels Refgiriolydew teRIGIMA, the
drive (HDD). The HDD may have the configuration shown in FIG. 31A.
PresRBtHDBSAHRY Ll PeninDBsatadtlinies bam odistordrplatt¢@dthaving apresent
. diameter that is smaller than approximately 1.8". The DVD 1010 may be
InveafirR cf8a Yo IMBieBENL 0aoysioteasatesMEiROM Suohlatsnaithenvofatieth signal
memory such as flash memory and/or other suitable electronic data
PrOgRTSING. FOHL) RRBKERliRiNR: tHab. Feaher gheddatiifiashtio GarBhA at 1002.
implemented in a high definition television (HDTV) 1020. The present
In §RRHRPIREEHABRIR HiuSjaRes ppascassingiBsdér asoeittmrarduétt 002 andfor
signal processing and/or control circuits, which are generally identified in
°‘hﬁﬁg<§!’§ﬂésa(f‘%2‘§?‘é{wmq RO aTaY Preseemdattope@aitiveding and/or
H%é[v 1020, The HDTV 1020 receives HDTV input signals in either a
ENGRYRAPBr Rﬁf@é@b%ﬁﬂ‘é@'&ﬁé»g@?ﬂ%é@rmmﬁtbm KgpiatisLfbtcaand/or received

from a magnetic storage medium 1006.

[0121] The HDD 1000 may communicate with a host device (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

conftrol circuits, which are generally identified in FIG. 31B at 1012, and/or mass data
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display 1026. In some implementations, signal processing circuit and/or
control 46 circuit 1022 and/or other circuits (not shown) of the HDTV 1020
may process data, perform coding and/or encryption, perform
calculations, format data and/or perform any other type of HDTV
processing that may be required. [0125] The HDTV 1020 may
StogagRnelirie e MRSl 046a sThragsidita 7pthe ssigsatat@incantrol circuit 1012
nonvolatile manner such as optical and/or magnetic storage devices. At
ANJspIRE FHIDBItEEYOhatowny totifie il GHowmingriEedd Aandlurm coding
least one DVD may have the configuration shown in FIG. 31B. The HDD
ang{pdyanerPHAR; ReTPmacaiculatisnsneaod o fenpietetsthaviagie ¢amesn and/or
that is smaller than approximately 1.8". The HDTV 1020 may be
datgopritercie emestierysioza e mpdisTREMER OGN0 latphayereaveliithe signal
memory such as flash memory and/or other suitable electronic data

Progrs#ife. aniansentred 20eudo 9ty suijortatbeneitiuits \iiibt sHONAN e DVD
a WLAN network interface 1029. [0126] Referring now to FIG. 31D, the

10 cameirraniiimmpiendastons suehratedrumingrandiontiessierani/or any
a vehicle 1030, a WLAN interface and/or mass data storage of the vehicle
othep sighel prsesHNgdHICipRteassaciatatwitie agRdd@nirineention
implement a powertrain control system 1032 that receives inputs from
one[g??'ﬁa)re séRSoRVER dhives ﬂ&?@mnmmmﬁsammmersmmmn&device (not
h rotational sensors, airflow sensors and/or any other suitable sensors
ShayR G ESeAerRBRdRe HievisioBRpLAtbeN i G ala suvh as enginevired or
._Qperating parameters, transmission operating parameters, and/or other
wirelsse SFSmERICETIo itk HRIdent irdP¥bh 1RAP alsaybedmpianieatedith mass
d other control systems 1040 of the vehicle 1030. The control system 1040
atﬁggpf&%%@1ﬁegm§tores data in a nonvolatile manner. The mass data storage
1018 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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signals from input sensors 1042 and/or output control signals to one or
more output 47 devices 1044. In some implementations, the control
system 1040 may be part of an anti-lock braking system (ABS), a
navigation system, a telematics system, a vehicle telematics system, a
~ lane departure system, an adaptive cruise control system, a vehicle
circeitd e mieghiosyetieen sirchitas(aciteteowd)/ B, trampBm\disgoanshiliedisRess data
Still other implementations are contemplated. [0128] The powertrain ’
PeriaimroPsirge ANdG82emety pionimpeitete withculassndatarmiatagstd A4 bRberform
stores data in a nonvolatile manner. The mass data storage 1046 may
anyinaidymstiohHinbbprooessitig ftatageyledcegdoeaxample hard disk
drives HDD and/or DVDs. At least one HDD may have the configuration
shdfhaRl FIGTBeA HiTtior B2k asa preoDVi niegtdaviehtheaeendist aliefage 1027
shown in FIG. 31B. The HDD may be a mini HDD that includes one or
thatygpsasiaieis ifavineea diatietenahaers snoillestuptieppaosimaiebghdtic storage
The powertrain control system 1032 may be connected to memory 1047
devigrsn At teast FreNiDEWvmas heye dheotatiéiguesionyssoe &s FEBN31A and/or at
memory and/or other suitable electronic data storage. The powertrain
leagi PRy SRy duaithe rapTigupsiarc shovolidn1Bt3d BYL T WD® may be a
. WLAN network interface 1048. The control system 1040 may also include
mini 700 that Keludrs prereymE/olattern Navirgfacdigatietat Brvigsmaller than
0129] Referring now to FIG. 31E, the present invention can be
aPRMRYBATEM LS a ddIRiIBRING182030abidvenagrinelidd tocelbrtarpmensasuch as
1051, The present invention may implement any integrated circuit such

RANMS K devolAtermanprysiaiih anemenycsnnbl airdidsh wiechoayeand/or other
,ggnerally identified in FIG. 31 E at 1052, a WLAN interface and/or mass
suitghie RFiRRIsMAR &iRrAgephbre MBS0/ HOKhmiso may support connections with

a WLAN via a WLAN network interface 1029.

[0126] Referring now to FIG. 31D, the present invention implements 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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implementations, the cellular phone 1050 includes a microphone 1056, an
audio 48 output 1058 such as a speaker and/or audio output jack, a
display 1060 and/or an input device 1062 such as a keypad, pointing
device, voice actuation and/or other input device. The signal processing
and/or control circuits 1052 and/or other circuits (not shown) in the
devignidPhfiona sostenimplproesatatioas, thertmntrobsjsteand @eoameRyBEOBart of an
perform calculations, format data and/or perform other cellular phone
antiripekdakiogoyster CARK pHumddadEn repstermanteiitatRivgtbyBRes, a vehicle
data storage 1064 that stores data in a nonvolatile manner such as
telespatiah ey iene depriferdcsisterior axadpleivarcroisk doves| system, a
HDD and/or DVDs. At least one HDD may have the configuration shown
vehlicle @S TiRInMEB} SYStamst vt YD siayeeaRMBe compakonasiioms ike. Stil
FIG. 31B. The HDD may be a mini HDD that includes one or more
otheriRRERniRIans At EantsmMatasiller than approximately 1.8". The
cellular. phone_1050 may be connected to memory 1066 such as RAM,
Rofml% lateAEP RBWRBIERIR PRGBS YSieMad BB magnonyrndicitethsth mass
suitable electronic data storage. The cellular phone 1050 also may
dat@tﬁgﬁfﬁgﬁo%ﬁﬁﬁgﬁﬁﬁﬂ@% GW%EAN Adanveiatie meanoek.inTéranead®eiita storage

104&131 Regrring now to FIG. 31 F, the present invention can be
RRYAR QRUTabF IR OBRDTRiC pRtagsimevites foayekapeieehard disk
. any, integrated circuit such as either or both signal processing and/or
d“"@o‘%ﬁmiﬁﬁﬂé’,f W%-ar@tg‘gﬁﬁa@l?@d@ﬂ@iéﬁﬁm Fese3hE ababg§dration shown in

Fl GW#A& interface ?nd/or mass data storage of the set top box 1080. The
<6t 1on B 08 IRt oo Wfdismonhave dhesenfigusationshaibard FIG. 31B.

The {BTF r%’é%’/ %%t%u}wsuig}akri]fg%rqchaa?%%rlg | eg g%féngirogqore platters having a diameter
that is smaller than approximately 1.8". The powertrain control system 1032 may be
connected to memory 1047 such as RAM, ROM, 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
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audio/video signals suitable for a display 1088 such as a television and/or
monitor 49 and/or other video and/or audio output devices. The signal
processing and/or control circuits 1084 and/or other circuits (not shown)
of the set top box 1080 may process data, perform coding and/or
encryption, perform calculations, format data and/or perform any other set

outgig B&‘émauﬂbms[oa?,z]eﬁhersemmmrbmd]@&mmwjg@m@L@igg@vaiggo and/or an
mass data storage 1090 that stores data in a nonvolatile manner. The

inpriadeviraalédRagech08s meyiad)decintiing|duiter VeigBeHEISIIGYRnd/or other
devices for example hard disk drives HDD and/or DVDs. At least one

inppsiBviesy Hehee signebpfiznestion sinalfor icoRted! ikbuiend B 2hIRHBE ORSer circuits
DVD may have the configuration shown in FIG. 31B. The HDD may be a

(nonftIgNmD imabinesieligsopbarantdeplattey sphaving ajdiameigfdhat évding and/or
smaller than approximately 1.8". The set top box 1080 may be connecte

enGeyRtRmargriena salsladicosifcROn, tiaialaediy nosrolailSMeMesiular phone
such as flash memory and/or other suitable electronic data storage. The

funglieRse box 1080 also may support connections with a WLAN via a WLAN
network interface 1096. [0133] Referring now to FIG. 31G, the present
invdAiiéRlcan Béeivgllslaepeahin 5@ dimployemidftawitiesass data storage

invention may implement any integrated circuit such as either or both
10844 fhath riERSiAg anior contrevleititeitsanrichsarsh geseopticidentifies imagnetic
FIG. 31G at 1104, a WLAN interface and/or mass data storage of the
StOI3gRIi ¥ isRs: fo1 exameleni@ich gieknaritetioki) EnendaxiDiByer AL198st one HDD
includes a display 1107 and/or a user input 1108 such as a keypad,
may iRy e sRATealien shawdinmpenidrtaiutior tidenstianpl DD M&Phave the
nay employ a graphical user interface (GUI) that typically employs
CO"\%‘H@QP&@ WA FRkAU3 1 Roridie HDD may be a mini HDD that includes one or

more platters having a diameter that is smaller than approximately 1.8". The cellular
phone 1050 may be connected to memory 1066 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other suitable electronic data
storage. The cellular phone 1050 also may support connections with a WLAN via a
WLAN network interface 1068.

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

audio/video signals suitable for a display 1088 such as a television and/or monitor
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and/or a point-and-click interface via the display 1107 and/or user input

1108. The 50 media player 1100 further includes an audio output 1109

such as a speaker and/or audio output jack The signal processing and/or

control circuits 1104 and/or other circuits (not shown) of the media player

1100 may process data, perform coding and/or encryption, perform
an@/arcolagbwisicforanal/ dmeudicdbatperitevicasy dthersigadiaprblassify s control

_10134] The media player 1100 may communicate with mass data storage

circuits ot eredlésy cRites wiieuits domipstasen) avfdincasdiapyides GOBERA) Brocess

nonvolatile manner. In some implementations, the compressed audio files
datgcRRéOTNe SEshnG re /v knaryptioN) Aseidommat calotiheichitatienat data and/or

compressed audio and/or video formats. The mass data storage may
perfeEmda Y ptital aatifop Prxfetitistorage devices for example hard disk

drives HDD and/or DVDs. At least one HDD may have the configuration

sholfA 3RIFIG, B1 seidiop hasatdBn ey Doomynbaieatbevitonfigusatiats storage

shown in FIG. 31 B. The HDD may be a mini HDD that includes one or

1080 dnabriness Kaiminaairenyalatittimanailer Thannapss akitaately=ly8"1090 may
. The media player 1100 may be connected to memory 1114 such as
inclyda optionh ae PatErRgNSlih SiaaIgE Menioas socheaarfipih maedndisk drives HDD
and/or other suitable electronic data storage. The media player 1100 also
angios RYBsortAbIfRSBRS WP MAaARava dhwvcamigetmionk stowacs FIG. 31A
1116. Still other implementations in addition to those described above are
anq/BhinfRgteRNF0RYE) Rsshinveribe eoRiigsratin 22DwaniinféGratd®. The HDD
circuit package is shown that incorporates an annealed glass paste or
ma)ép‘b%?a@'QH%@Daﬁ%%r'ﬂﬁm'oa@lj@cemmoplemrmmwemdwmeter that is
f?atures of a silicon wafer. One or more "islands" of
smaller than approximately 1.8". The set top box 1080 may be connected to
memory 1094 such as RAM, ROM, low latency nonvolatile memory such as flash
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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the annealed glass paste or epoxy layer can be made on portions of one
or both 51 sides of the silicon wafer. In FIG. 32A, an alternate integrated
circuit package 1200 includes a silicon wafer 1204. An annealed glass
paste layer or portions 1206 is/are formed on the silicon wafer 1204. A
molding material 1208 may be used to encapsulate all or part of the

mesgiRcaiavrifdi 020 thies meheitechglamsimsiatiayet 10205u8l5@sesleeRS KSR and/or
change in stress over time. The annealed glass paste layer 1206 tends to
augip |atkrut drglariibktrigsittarosatsiagahtitom varirtbesdaite! thalesibror other
. properties such as dielectric loss of the molding material 1208. [0136] The
circgfiigotn@aftiorgnaahdheneiadia obeyeicdridicimayspitaies aigatespaRIm coding
above. The annealed glass paste layer 1206 may include a glass paste
ang{ayipRcayRtiativalgTonmanalshirtiptsy fematr e 2Thanaioapegatimgany other media
temperature may be lower than a temperature that would damage the
PlayarnctiaRr 1204. The glass paste layer 1206 may include glass frit
paste. The glass paste layer may be applied in any suitable manner. The
glad@bitte laydiningdia ajsrsdl 19Agreycreempriitiat fthroents data storage
dipping approach, a masking approach, and/or using any other suitable
T Jhecisionas 7i@ar isicy BsasemnTrRsssn ey iz daritiait piddagech?d® in a
includes a conductive material layer or coating 1212 that is applied to the
nonyglatiie: Baniaspoly sags mpleneetatemsictive comerzdsagealdib2fimayinclude
include a layer of conductive efpoxy. The conductive material layer 1212
ﬂe%’i@b@'&pﬁh@@i@é viéhi Mg fermeat ortethenduitable matspiedsser2id and/or
., may include conductive epoxy paint. The conductive material layer 1212
V'd?ﬁaéBEaéﬁplfgﬁqmﬁﬁ?Qb?@fMdﬁaﬁdﬂﬁw@e Opkitaband/silictagnetierstorage

1204 into a container such as a dish that contains the
devices for example hard disk drives HDD and/or DVDs. At least one HDD may have

the configuration shown in FIG. 31A and/or at least one DVD may have the
configuration shown in FIG. 31B. The HDD may be a mini HDD that 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 be made on portions of one or both
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52 conductive material. The conductive material layer 1212 tends to
reduce electro- magnetic interference from external devices. [0138] In
FIG. 32C, an integrated circuit package 1220 includes the annealed glass
paste layer 1206, which is applied to selected portions of the silicon wafer
1204, In FIG. 32D, an integrated circuit package 1230 includes the

sidearwfdiee sjless paste. orepiRy PRAICAS AR6MandithegranshiciveMaierabe 1200

1212. The conductive material 1212 may cover the annealed glass paste

inclagles E26iiavhileatendlii oAnairnuahidgibessisste vuyier dPP6r8ASD06 is/are

Referring now to FIGs. 33A-33D, alternate integrated circuit paqkages are
forgiasiv.om 6 SBisoarvaifema@osiegratenoniiogit pratkage 1248 nglides used to
the annealed glass paste layer 1206 and the conductive material layer

engaiylaitiah areplart até dhadgilient tovafuit20mponenimddakal isss paste layer
silicon wafer 1204. In FIG. 33B, an alternate integrated circuit package

1200 stsmakdiesththarmienigd glassepastedayiend.20thensheeaisgbigss paste layer
material layer 1212, which are located adjacent to an oscillator 125_2 of_
12@6e teindsntovaserate Gl [rl & noF | Ghe330con altfenatodtegtiedSigiths in the
package 1260 includes the annealed glass paste layer 1206 and .
dielﬁﬁidumf@@eﬂi&e@ldﬁwdi@t@t%iobmtﬂmamdiadjmi@ aQOBQUCtOF
1262 of the silicon wafer 1204. The inductor 1262 may be an on-chip
indU&d36Lich dha sihicahivdaferor 204 Ga @36k adealicspaiecontegiaiedscillator as
circuit package 1270 includes the annealed glass paste layer 1206 and
degei M&ﬂ@ﬁﬁhte?@ lapeealzt2glabkipasteldapted 206 0eny ncadbaioglass paste
circuit 1272 with an inductor 1274. 53
having a relatively low annealing temperature. The low annealing temperature may
be lower than a temperature that would damage the silicon wafer 1204. The glass
paste layer 1206 may include glass frit paste. The glass paste layer may be applied
in any suitable manner. The glass paste layer may be applied using a screen printing
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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[0141] The annealed glass paste layer also tends to reduce the change in

stress over time that can occur. The annealed glass paste layer isolates

all or part of the silicon wafer from variations in the dielectric properties

such as dielectric loss of the molding material. This can be particularly

advantageous when attempting to calibrate using temperature as
conBsgiitsethaberial. [Ol4e]dRatrrcingnawiteril GayS4AB4D I B Peduce electro-

integrated circuit packages are shown that include annealed glass paste
magngtisr isfrrisrpoesdinsraeckia musieoicsiticon layer that create an air gap

above portions of a silicon wafer. In FIGs. 34A-34B, integrated circuit

pack®ti#8] 130tnafdQ 332 Miclade iatsticatedvaticdBOdackageatezbolassiudes the
paste portions 1306 are formed on the silicon wafer 1304 in a spaced

anngripddi@ssneagte TheAGRBowinich 1SeHpliey e svamdassissitsthe silicon

above, A molding material 1308 may be used. Post-processing of the

walggs B264rtidnd~13082Ba\arintegfateth disuih mechalish i EBOriAUNI S aRSs Mhnealed

provide a planar outer surface. [0143] A glass or silicon layer 1310 is

glagsppasied abdrome Hilidionsiat@0a 3addtiiee ABRUMNONGAROBI EEXY  The
or other adhesive binding material may be used to attach the glass or

congichnaagratesal 13 1Re mapP guyeiortbd 30MhesBE ghitonsakidaared 106 while
glass or silicon layer 1310 form an air gap 1324 above an oscillator 1320

toughingsomnat ipipbingripe sikewire@fa3P20i. FIG. 34B. The air gap 1324
provides the material (air) having the lowest possible dielectric loss. In
contPstOvherRaipstinmsoimatots afd @sed3 e 360s nebstrdito atmwtied circuit
crystal to resonate - in other words, the air is used to allow mechanical

Pack&aRstiare (6194} In inG4C348/84Bnirtematel ditegtatadkairesil pRiang 1240
1360 include a silicon wafer 1304. Epoxy portions 1342 are formed on the
inclugdes theAppesled glass paste layer 1206 and the conductive material layer 1212,
which are located adjacent to circuit components 1242 of the silicon wafer 1204. In
FIG. 33B, an alternate integrated circuit package 1250 inciudes the annealed 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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1304 in a spaced apart relationship. The epoxy portions 1342 may be
formed as described above. Post-processing of the epoxy portlons 1306
may be performed such as polishing or other steps to provide a plan.qr
outer surface. A glass or silicon layer 1310 is supported above_ the _S|I|pon
wafer 1304 by the epoxy portions 1342. Epoxy or other adhesive binding

' ili | 310 to the .
cpowy pakions T e A HIeRE %%?a%ﬁﬁ?%%ﬁ?‘%ﬁ]@@ﬁ?ﬂcmﬁ change in
stré@Pol@24imbayRPepsslialrr $72% Hh'ég%eg’é%'g@ /%_tg g%y%rﬁg{pll%{ég 'all or part of

1322 in FIG. 34D. [0145] Referring now to _ __
thelHinabAtoEh FAFCHE P IS RABH £ R ﬁ@‘ﬁfbf@@fﬁ@%ﬁﬁ%?gﬁgg%%% %I#Cég’éﬁgﬁig loss of

portion that creates an air gap. In FIG. 35A, a grated circu

IRGEes 2 "Bhi Im ili | 2 that defines .
thetamﬂg?ggpl) 1384. '}'he?gé?%ep%g g_lass g?gﬁ%%ﬂ%g%§%8%ﬁgyé{%mptmg to
callbritslasiigliptassetions A8alasiiniaegHgggther. The air gap 1384 is

located above an oscillator 1320. In FIG. 35B, an integrated circuit

paciepr2]139(Reruies andw-Saanrekglass A gllipPn é%%?ﬁ&%&zm eagtrﬁﬁa_ circuit

defines an air gap 1384. The air gap 1384 is located above a circui

padkddéd Befampamamatariizse 303t HEhods i w;eg&gégcgcgr%er%ons and a

circuit packages described above are shown. An inte

gtasuucwﬁedm@éﬂﬂw%%ﬁﬂ&%w% 48080e 2 BHERILLY £ %‘ﬂ@a%%gh n FiGs.

and/or epoxy portions 1410A and_ 0B (collt_actl\_/ely portion _
34kgidhsiuieghsted lafeUi KHbiGDes IRSONAIRCISYD SUGHI S AA0NE ilfer 1304,

into sections along dotted cutlines 1414 to create multiple integra

Annsaleiisglasichaste perieckaged ira Mrtrdn ke alisBRtwROVYBSIn 5 spaced
described above. 55
apart relationship. The AGP portions 1306 may be formed as described above. A
molding material 1308 may be used. Post-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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[0147] In FIG. 36B, the silicon wafer 1404 may include one or more bond
pads 1420. Cutting of the layer 1408 at 1414-1 and 1414-2 may be offset
from the cutting of the silicon wafer at 1414-3 to provide clearance for
attaching bondwires (not shown) to the bond pads 1420. In FIG. 36C, one
of the integrated circuits 1450 is shown after being separated from the

130atagrate Ay bpHEHCHIBILARN; Qlﬁf%R@&W%&%n@ ﬁ@?'ﬁﬁéﬁ’%?bmezd as

an integrated circuit package 1450 includes a’silicon wafer wit ace

desuiieaieatainss [Pose BRAUSSARO Y RASIERBA DG ABEGR L9 Bhrome

with a layer of conductive material 1456' are shown. In FIG. 37A,

sugipetopsiibhithase SiRREdERe foosriaine sl phfhihat raniaiRsdhes %Igasgnoer silicon

conductive material 1456. The silicon wafer 1408 may be diced alo

layer 116 esitbopscriéi? abevatdnsiesnbaaPafsnk 460 A% SR
Referring now to FIG. 38, steps of a method 1500 fozrlﬁ;gbricating %é%]rﬂg%s 1342.

Epotegratederinttifasarkaghaingf mkesridlArdp B sy NS, o
in step 1502. In step 1504, g glass Basﬁyer 12C§)§l ?s Egg&ﬁ%ﬁﬁror silicon

layemotd Kuttades epdkg pwnmwafarﬁ%@r's%?ﬁoﬁ%eﬁ@é%%@%%?%1o form
wafer 1204. In step 1506, the glass paste layer 1204 is annealed by

an piagap tB24iktovevafeoddidiantde iglass Paste AAvesr ZRAMhaP Q&R 1322 in
The temperature of the oven may be set to a temperature that is sufficient

FIGo3#e the glass paste layer 1204. For example, a temperature of around
400 C for a predetermined period is sufficient to anneal the glass frit

pasi@14ile noRefendningritwe sticoRIGaferd?N4sm, SerARi8, heegrated circuit
conductive material layer 1212 is applied to the annealed glass paste

Padkpees 20¢ showtehzb itlatieon prasefdheinilivopavaier thaPAriee8CasCEYap. In

a molding material 1208 56 such as plastic, other materials described
FIChed8if, andiotegtaiedutiatlit pattkage the 1380 includes a “C"-shaped glass or
silicon portion 1382 that defines an air gap 1384. The “C" —shaped glass or silicon
portion 1382 may include multiple sections that are joined together. The air gap
1384 is located above an oscillator 1320. In FIG. 35B, an integrated circuit package
1390 includes a “C"-shaped glass or silicon layer 1382 that defines an air gap 1384.
The air gap 1384 is located above a circuit 1322.

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

integrated circuit structure 1400 is cut into sections along dotted cutlines 1414 to

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

shown) as described above.
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materials. In step 1520, control ends. [0150] In each of the foregoing
embodiments, the silicon wafer may be replaced by other wafers or other
substrates and the annealed glass paste can be replaced by epoXxy.
[0151] A number of embodiments of the invention ha_l\_/e b_een described.
Nevertheless, it will be understood that various modifications may be

made v4itjout deprstingBomdhaiRRiHtends9988 ﬂfxé@jflj@gﬁ%:%?\e or more bond

Accordingly, other embodiments are within the scope lowing

padiam205 /0GR [P thd-AEP YYDt it glpmneddsyly M‘-‘%‘?ﬂ%&%@%&%‘% from the

comprising: a temperature sensor that senses a temperature

cutiivigoofted Sikdwitarenemmorymeryle Mié@@éé}%ﬂu@%rqg{?aéﬂﬁagnondwires

to calibrations and that selects one of said oscillator calibrations as

(ndusistion ofosgid aanaqsbdgmmgtﬂtuwm.%@%e%?‘i%ei@@é%ﬁggaﬁé‘éﬁm 1450

a reference signal having a 10 frequency; a phase locked loo

o e DR

pard0mei8] basrerferiagicherleted ne. Oiﬁﬂ@?Bs,Cglﬁ‘t%t%@fo@&09’?&@9%30@98
1450 includes a silicon wafer with spaced annealed glass paste and/or epoxy
portions 1410 that have been coated with a tayer of conductive material 1456 are
shown. In FIG. 37A, the portions 1410 are dipped into a container 1454 that
contains the cohductive material 1456. The silicon wafer 1408 may be diced along
one or more cutlines 1462 and may include bond pads 1460 as shown.

[0149]  Referring now to FIG. 38, steps of a method 1500 for fabricating the
integrated circuit packaging of FIGs. 32A-33D are shown. Control begins in step
1502. In step 1504, a glass paste layer 1206 is applied to one or more surfaces of
the silicon wafer 1204 and/or select areas of the silicon wafer 1204. In step 1506,
the glass paste layer 1204 is annealed by placing the silicon wafer 1204 and the
glass paste layer 1204 in an oven. The temperature of the oven may be set 1o a
temperature that is sufficient to cure the glass paste layer 1204. For example, a
temperature of around 400 °C for a predetermined period is sufficient to anneal the
glass frit paste while not damaging the silicon wafer 1204. In step 1508, the

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

step 1510, all or part of the silicon wafer 1204 is encased in a molding material 1208
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15 an annealed glass paste arranged between at least the oscillator
module and a molding material of the integrated circuit. 2. The integrated
circuit of Claim 1 wherein said phase locked loop module comprises a
fractional phase locked loop module and said feedback loop 20
parameter is a ratio of a scaling fader. 58 MICSLLP 3. The integrated
suchrait pfastRimotnenereiferaid f@@@fb@dﬂ*ﬁ@@i@é‘?@}%%fﬂ%ﬁ%m% molding

comprises: a phase frequency detector module that communicates wi

masaxiclnsiilletes nBxhllecbiRaeceives said reference frequency; a
charge pump module that communicates with said phase frequency

detqotB0noduie; savnltagercorirelefraselBhmriie 1Rl SRHIREAUNIARISRay be

with said charge pump module and that generates an output frequency; a
reptacdl bynothde WabrOBNBINKIRLS YHRER A HPHAGSHPRILAUS 41 2SEHAIRE can be
and said phase frequency detector module and that selectively adjusts
reptadgd bipeipdsgguency first and second scaling factors, wherein said
scaling module adjusts a ratio of said first and second scaling factors

baski 6t]said selanibdrope erhbaifimseHRer gRFRERRRAhEDE been described.

integrated circuit of Claim 3, wherein said first and second scaling factors

Neeeethidess steiiabto ihaad ot thandamoereimdbiscanisHEI8E 9K Ade without
than zero. 5. The integrated circuit of Claim 1 wherein said phase locked
depaoing from the spirit and scope of the invention. Accordingly, other embodiments

are within the scope of the following claims.
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module comprises a Delta Sigma fractional phase locked loop module and
said feedback loop parameter includes modulation of a scaling divisor. 59
MCSLLP 6. The integrated circuit of Claim 5 wherein said Delta Sigma
fractional phase locked loop module comprises: a phase frequency
detector module that communicates with said oscillator module and that
receives said reference frequency; a charge pump module that
communicates with said phase freqeepgydetector module; a voltage
controlled oscillator module that communicates with said charge pump

@ﬁﬂﬁ{ nd thaNgenerates an output frequency; a scaling module that
BEEWith said voltage controlled oscillator and said phase

frequency detector module and that selectively divides said output

frequéncy B MY URESEBFHEICAMRY $%ors; and a Sigma Delta

modulator that adjusts modulation of said scaling module between said

first and sécdRAREFANEGSRNB R SFRSFS L ilrmeaRivrgs ehigaid integrated
oscillator calibrations. 7. The integrated circuit of Claim 6, wherein said

HFstHind second scaling factors are divisors equal to N and N +1, where N

is an integer greater than zero. 60
a memory module that stores oscillator data relating to calibrations

and that selects one of said oscillator calibrations as a function of said sensed
temperature;

an oscillator module that generates a reference signal having a
frequency;,

a phase locked loop module comprising a feedback loop having a
feedback loop parameter, wherein said phase locked loop module selectively
adjusts said feedback loop parameter based on said selected one of said
oscillator calibrations; and

an annealed glass paste arranged between at least the oscillator

module and a molding material of the integrated circuit.
2. The integrated circuit of Claim 1 wherein said phase locked loop

module comprises a fractional phase locked loop module and said feedback loop

parameter is a ratio of a scaling fader.
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MCSLLP

3. The integrated circuit of Claim 2 wherein said fractional phase
locked loop module comprises:

a phase frequency detector module that communicates with said
oscillator module and that receives said reference frequency;

a charge pump module that communicates with said phase
frequency detector module;

a voltage controlled oscillator module that communicates with said
charge pump module and that generates an output frequency;

a scaling module that communicates with said voltage controlied
oscillator and said phase frequency detector module and that selectively adjusts
said output frequency first and second scaling factors,

wherein said scaling module adjusts a ratio of said first and second

scaling factors based on said selected one of said oscillator calibrations.

4. The integrated circuit of Claim 3, wherein said first and second
scaling factors are divisors equal to N and N + 1, and wherein N is an integer

greater than zero.

5. The integrated circuit of Claim 1 wherein said phase locked loop
module comprises a Delta Sigma fractional phase locked loop module and said

feedback loop parameter includes modulation of a scaling divisor.
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B. The integrated circuit of Claim 5 wherein said Delta Sigma
fractional phase locked loop module comprises:

a phase frequency detector module that communicates with said
oscillator module and that receives said reference frequency;

a charge pump module that communicates with said phase
frequency detector module;

a voltage controlled oscillator module that communicates with said
charge pump module and that generates an output frequency;

a scaling module that communicates with said voltage controlled
oscillator and said phase frequency detector module and that selectively divides
said output frequency by first and second scaling factors; and

a Sigma Delta modulator that adjusts modulation of said scaling
module between said first and second scaling factors based on said selected one

of said oscillator calibrations.

7. The integrated circuit of Claim 6, wherein said first and second
scaling factors are divisors equal to N and N +1, where N is an integer greater

than zero.
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