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. 601714,454, filed on September 6, 2005,
601756,828 filed on January 6, 2006, and 601730,568, filed on October
27, 2005, and is a continuation-in-part of U.S. Patent Application Serial
No. 10/880 7GR Ailétlof RMLIB,| RO04) INNIGhSE_C Contignatiam yopart of
U.S. Patent Application S&NRENDEDORIZRZA PABIon October 15, 2002,
the contents of which are hereby incorporated by reference in their
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TECHNICAL FIELD
[0002] This invention relates to integrated circuits, and more particularly to

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

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

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



becomes more problematic due to the size, fragility, and cost limitations.
[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
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wafer. [0006] In other features, a molding'ma a
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least one side of the IC wafer. The AGP lay arranged on a plurality of
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material that is arranged on a portion of the AGP layer. [0007] In
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wafer. The AGP layer is arranged between the circuit component and the
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oscillator and an inductor. The inductor comprises a spiral inductor. The
taoldergtureaterial encapsulates a portion of the IC wafer. The AGP layer
comprises a glass frit. The AGP layer is arranged adjacent to the IC wafer

using one of a screen printing, dipping and masking. 9 f00081 In other

features, the conductive material comprises one of a conductive epoxy

and a conductive epoxy PMMARY9Er T EhBNYErvTIGaNe

[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.

[0008] 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 ieast
one side of the IC wafer. A layer of a conductive material that is arranged on a
portion of the AGP layer. |

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

printing, dipping and masking.



material is arranged on the AGP layer by dipping the IC package in a
container containing the conductive material. [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 module includes a
feedbaog]loopihavingraffeedeck thiw opopdraniete marnetise|ectivetgedjosts of a
the feedback loop parameter based on the selected one of the oscillator
coogdlilotbtio epop00 Eid neotbemdeativee ssrheypbass. locKeel legprmdiiie conduciive
comprises a fractional phase locked loop and the feedback loop
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comprises a phase frequency detector module that communicates with
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pump madule communicates with the phase fre uen%fc{ietector module.

A vORBGE cond eI 6 HBLERS E6 I EARES Ly FRAERaRE Sonses @
DR mecile A0c denerales 50, 0UPU! Hgenok ASCARIIIOIE auns 1o

unicates wit voltage contro Seiiatdrmodute and

o%ggggﬁgxpg@wderéna Féc??'.SﬁE‘@Mﬁé%&ﬁié!?ﬁr %R%I{&%g%cy function of

on first and second scaling factors, an usts a ratio of the first

BN 56L0 ingrfaciisbagethomdbeselssiegons RitherRsclatal naving a

calibrations. 3 [00111 In other features, the Tirst and second scaling
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greater than zero. The phase
loop parameter and seiectively adjusts the feedback ioop parameter based on the

selected one of the oscillator calibrations.
[0010] in other features, the phase locked loop moduie comprises a
ractional 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
freguency detector module. A voltage conirolied oscillator module communicates
with the charge pump module and generates an output frequency. A scaling moduie
communicates with the voltage controlied 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 scaiing factors based on

the selected one of the oscillator calibrations.
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locked loot) module comprises a Sigma Delta fractional phase locked loop

module and the feedback loop parameter includes modulation of a

scaling divisor. The Sigma Delta fractional phase locked loop module

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.
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modulation of the scaling module between the first and second scalin
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means, that includes a feedback loot) having a feedback loop parameter,
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one of the oscillator calibrations. 4 [00 B3] In other features, the phase
mdadaieddoopumeatsscaiitptisesaitage controlled oscillator moduie and the phase
frequency detector module and selectively divides the output 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 seiecting 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.



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

a scaling factor. The fractional phase locked loop comprises phase '

frequency detector means, that communicates with the oscillating means,

for receiving the reference frequency. Charge pump means generates

voltage and communicates with the phase frequency detector means.

Voltage controlled oscillator means, that communicates with the charge
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communicates with the voltage controlled oscillator means and the phase
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on first and second scaling factors and adjusts a ratio of the first and
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calibrations. [0014] In other features, the first and second scaling factors
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factors based on the selected 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 foop 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 controlied oscillator means, that communicates
with the charge pump means, generates an output frequency. Scaling means, that
communicates with the voltage controlled oscillator means and the phase frequency
detector means, selectively divides the output frequency by first and second scaling

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



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 +?, where N is an integer greater than zero. [0015] A
method for operating an integrated circuit comprises sensing a
temperature of the integrated circuit; storing data relating to oscillator
calibrations; selecting one of the oscillator calibrations as a function of the
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oscillator calibrations. [0016] In other features, the phase locked loop
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parameter is a ratio of a scaling factor. The phase locked loop comprises
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A packaging material gﬁcaééhsglgglgjsete gpbfr?%??ﬁg iRPEGra%ERr Afcurhasg locked
loobassuioundiriegicless lA0IGHD AL A s s packaging materia
includes at least one material selected froma onsisting of
pofpaierotriflnorarty kaeuddorinaief e ocked loop comprises a fractional
phase locked loop and 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 moduiation 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 moduie 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 freguency 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 polychicrotrifluocroethylene, fluorinated



ethyiene propylene copolymer, perfluoroaikoxv, and a copolymer of
ethylene and terrafiuoroethyiene. The packaging material includes a low
dielectric loss Drastic. [0019] An integrated circuit package comprises an
integrated circuit that comprises an oscillator module that generates a
reference signal having a frequency that is based on one of a plurality of

ctogeiatorasaibrationssiings. AsrarkaaiRgnalgrial %Bg’o?%ét eastRAthe ang
of the integrated circuit and has a low dielectric loss. [0020] In other -
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that senses a temperature of the integrated circuit. A memory module
storé@0fHH osciiatoreaiviediorasttingskaite Raokeaginganatesatdneiugesi that
at least one material selected from a group consisting of
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perfiiuorcalkoxy, and a copolymer of ethylene and tetrafluoroethyiene.
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method for providing an integrated circuit package comprises providing
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[0022] In other features, the packaging materia
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uorinated ethylene propylene copolymer, perfudroalkoxy, and a
fiucoipatpmestofietiy|@nepsfche copolymer, perfluoroalkoxy, and a copolymer of
ethylene and tetrafluoroethyiene. The packaging material includes a low dieleciric
loss piastic.

[00z1} 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 caiibrations; selecting one of the
oscillator calibrations as a function of the sensed temperature; and generating &
reference signal having a frequency that is based on the selected one of the
escillator calibrations.

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

material selected from a group consisting of polychiorotrifiuoroethylene, fiuorinated



tetrafluoroethylene. The packaging material includes a Io_vv dielectric loss

plastic. [0023] A method for providing an integrated circuit package_

comprises providing an integrated circuit; selecting one of a plu!rallty of
oscillator calibration settings; generating a reference signal havmg a
frequency that is based on the one of the plurality of osc_lllator call_bratlon
settings; and encasing the integrated circuit in a packaging materlal_ that

has a low dielectric loss. [0024] In other features, the method comprises
eiBrisig Brevisercreaymie inairaredisieyit aands elestivgnteainetiofiene and
the plurality of oscillator calibration settings based on the sensed
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[0026] In other features, the packaging means includes e_lt least one
theaietegrsiee aiecuitpend gesectingnpisting=0bPelkchlarattfeerastmdeRSalibration

fluorinated 8
settings based on the sensed temperature. The packaging material includes at least
one material selected from’ a group consisting of polychiorotrifluoroethyiene,
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 inciudes 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 means includeg a low
dielectric loss plastic. [0027] An integrated circuit package comprises an
integrated circuit that comprises oscillating means for generating a _
reference signal having a frequency that is based on one of a plurality of
oscillator calibrations settings and packaging means for encasing at least
art of the integrated circuit and having a low dielectric loss. [0029] In

eHiNieNf AAREERR: R MaRes MeTiierrelsexonanises cnolysratué ethylene and
sensing means for_ sensing a temperature of the integrated circuit. Storing
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one of the oscillator calibrations as a function of the sense emgperature.

io&B. oscillator module generates a reference signal having a frequency that

is based on the selected one of the oscillator calibration_s. An epoxy layer
adhej@aza]glasinlaysthty thizaniegsatafeCinilghRACKGNG MAIRHS! comprises

encases at least part of the glass layer and the integrated circuit. 9
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 polychlorotrifiuoroethylene,
fluorinated ethylene propylene copolymer, perfiuoroalkoxy, and a copolymer of
ethylene and tetraflucroethyiene. 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.
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[0030] In other features, the glass layer is located b(_atween adjacent to

portions of the integrated circuit that include the oscillator .module. The

oscillator module includes an on-chip inductor and Whereln the glass

layer is located adjacent to portions of the integr_ated circw_t that mcl_ude

on-chip inductor. The glass layer includes a cavity that defines an air gap

and wherein the cavity is adjacent to potions of the mtegratepl circuit that

include the oscillator module. The glass layer includes a ce}wty that
defind8@80hir gap atienferirethara\giiss asljacastitepriiopeidbs ac]:fjacent to

integrated circuit that include an inductor of the oscillato_r m(_)dule. [0031
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comprises temperature sensing means for sensing a temperature of the
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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 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 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 giass 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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a cavity that defines an air gap and wherein the cavity is adjacent to
potions of the integrated circuit that include an inductor of the oscillating
means. 10033] A method for providing an integrated circuit package
comprises sensing a temperature of an integrated circuit; storing
oscillator calibrations; selecting one of the oscillator calibrations as a

a ca Tﬂﬁeﬂ abihesensar IpRMatiuesrdaNeRERYiH refarmasssignpbheaving the
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uency that is based on the selected one of the oscillator
integralibratinAR: M PUAGRING ardlass fayehtodbelistegrategnaircuit; and
encasing at least part of the glass layer and the integrated circuit in a
paokadNg Matekdhol® G834 drovithier featuirasgtatem efinnd:indokiagel ocatngses
the glass layer adjacent to portions of the integrated circuit that include
sentheyosciliatopenaitiute . oF henosoiigteter odineiticl sten anancitaipr inealiswkstions;
and further comprising locating the glass layer adjacent to portions of the
seldoiegrated dittwitahsit #iotuckiibratibns inslucfonctivie ¢lake ReRgeHARTERErAILIE;
cavity that defines an air gap and further comprising locating the cavity
genaditioern refRrRNE BETe haripeate TeaencihHiainil hgser oM aRpcipteone
glass layer includes a cavity that defines an air gap and further o
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IC wafer. A second portion is arranged adjacent to the IC wafer and is
d from the first portion. The first and second Portions comprise at
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adjacent to portions of the integrated circuit that include the oscillator moduie. The

ma

oscillator moduie inciudes 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 inciudes 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 inciudes a cavity that defines an air gap and further
comprising locating the cavity adjacent to potions of the integrated circuit that
inciude an inductor of the osciliator.

[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
‘1o the IC wafer and is spaced from the first portion. The first and second portions

comprise at least one of annealed giass paste (AGP) and epoxy. A layer is
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arranged adjacent to the first and second portions and creates an air gap

between the layer, the first and second portions and the IC wafer. 100367

in other features, the IC wafer comprises a silicon wafer. A molding

material encapsulates at least part of the IC wafer, the layer and the first

and second portions. The layer comprises at least one of glass and
aginpeRdadintentfivdnmirerians speofbaclpreantoainsitstameaisgeprieeiween

portions. The silicon wafer comprises a circuit component. The air gap is
thpravged i andreenetiPudpiporeathnédayeieand the first and

second %ortions. The circuit component comprises at least one of an

oscilltRBP8hd alNiRHEE FAEStictor EBtApFRBE ipespfrafliRaETeT. A molding
R A I R T Ao T i son
SR PR A LR AR R G, rgonevnn
rﬁ%égt Five materal Eafé&%‘:ﬂé%@ efi]crl£§ta%r}1d.s‘?eec%%%dtzpaorfltcln%%i g¥r9ép£.!¥‘c%n wafer

east part™of the age In a container containing

doth H§§¥eama§%ﬂﬁ‘l'CB%W@rfthasﬂlgr%iWi%r that] K aégﬁ%ﬁé%ﬁ%@ circuit

width of the silicon wafer. The IC wafer comprises bo ayer

AR A MAE il isiRseHbaka seeonduidth sithasiliconvailandmponent

further comprising bond pads that are located in an outer region of the
aihspnseefer.140888ha srethasteliatovigieAnifeamnted BEGHA KD comprises a
package, comprises providing an IC wafer; arranging a first portion
spijateniuctéhe IC wafer; arranging a second portion adjacent to the IC

wafer and spaced from the first portion, wherein the first and second
portiof}8@mpride atleaitainesef Hmm diadt chdbssopastedABRY) 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 appiied 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 iess 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 |C wafer; arranging a first portion adjacent to the IC wafer; arranging a
second portion adjacent to the IC wafer and spaced from the first portion, wherein

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

12



12 and epoxy; and arranging a layer adjacent to the first and second _

portions, wherein the layer creates an air gap between the layer, the first

and second portions and the IC wafer. [0039] In other features, the IC

wafer comprises a silicon wafer. The method further mcludes_

encapsulating at least part of the IC water, the layer and the flrst_ gnd

second portions. The layer comprises at least one of glass and S|I|con. .

F CRRKoBY AANRIRR dle Vet Atlinrpatdorbading ﬂﬁ@téﬁébadjaodmrr]w, wherein
e first and _second portions. The method further includes arranging the

éﬁ‘? é"i‘ayr?b%{\%f’e%ﬁ ﬁ?eagiﬂﬁﬁt%m?)%gﬁﬁ FRerayR? R e meeentinmstond and the

Rotigns. The circuit component comprises at least one of an osc_lllator

ang)an inductor. The method further includes the inductor comprises a

iraly . ' d ions comprise glass frit. The
rsnpelzizlc;g] furﬁ*loerr %E:?S?é%aSS@%?’?hﬂé‘%igaW@fesreﬁng%%?ﬁoﬂs%c@fhwafer- The
ili i N printing, dipping an asking. The
L O A ekl VL P54 i b s and e

FROVY P OTH %@W&R&aﬁr?efié%ﬁ%ﬁ%ééé ess L agn%éﬁé%%gd\év%;%ﬁ%fon. The

the silicon wafer. The method furt udes providing

ietraiefuiiran MoatERIMALIAG silicBRRIRE %%@ﬁ%%ﬁl]éeﬁr@?g Jhe first and

circuit (IC) package comprises an IC wafer comprising a c

s6eshnpeimyer hat maﬁwg@a@iaﬁemt%%% q&%ﬁﬁ? g%%tthtéel{geen the

creates an air gap between the "C"-shaped layer a

oirsiet. [@0Mpdhenthdndeddyers aadnehEingRAISRR BARORBECHIPHAES Ahe circuit
lc%arlr?;t)gr?erht comprises at least one of an oscillator and an inductor. The method
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 width that is less than a second width
of the silicon wafer. The method further inciudes 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 tayer. The “C’-shaped layer comprises at ieast
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of the IC wafer and the "C-shaped layer. The "C"-shaped layer comprises
at least 13 one of glass and silicon. The circuit component comprises a_lt
least one of an oscillator and an inductor. The inductor comprises a spiral
inductor. [0042] A method for providing an integrated circuit (IC)_package
comprises providing an IC wafer comprising a circuit and arranglngdaI
"C"-shaped layer adjacent to the substrate, wherein the "C"-shaped layer
Wea Esaﬁsgir%ﬁi)sg enltife %G%EMHHQ?@FEW@P@‘@%@ deasé ke of an

43] In other features, the method includes encapsulating at least
%%ﬁ é’fdtagenl%:a\/va{ edrué;rt}(()jrﬂ?gh g éd_:?a{ﬂ)gf.’sﬁea_"ﬁf“f@‘]é{ﬁ’é‘ﬁqﬁyer
compissat least gn lass and silicon. The circuit component
compFises t least &e%%ftﬁﬁgoﬁs%rillgt%)rvé % AR alie e ﬂB‘ﬂEfliornl('C) package
(5@,“}5}{' e An Fo reas of applicability of the

-shape

preserﬁ?v%ﬁowriH v%il?gggme g&&aﬁ%ﬁﬁoﬁﬁh@&%ﬁaﬁg GE8NGRS P "C -shaped

IRYRYIGRILBEHIASTIRE L ShQHIL PG HERGH R #‘%%Se%e? led cq%fsag%ﬁ%)nn air gap

and specific examples, while indicating the preferred”embodimeén

bateetannareiniepgee fayausnases efillusiation enly,agd are not
intended to limit the scop(g of the invenl'Eion. DESCRIP%I N OF

DRAVODUIH [0045]if7 Ginbisraahlack digramiaRaving ARASRRS QL@tiRH) at least

crystal oscillator emulator. [0046] FIG. 2 is a table showing a relations

betEchdd@peaisnraranthec tOrestigieloigie 00AHE FC.sBA8 4 99RP comprises at
showing a relationship between temperature and

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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correction factor. 14 [0048] FIG. 4 is a block diagram showing_ an aspect
of a crystal oscillator emulator. [0040] FIG. 5 is a two-dimensional view of
an aspect of a crystal oscillator emulator connected to external
impedances. [0050] FIG. 6 is a detailed block diagra_m of an aspect of a
crystal oscillator emulator connected to an external impedance. [0051]
FIGS

nd 7B, are, diagrams showing relationships between an .
extermazﬁlrﬂpedagn!céé 6&&1% ﬁ%‘: K a@%ﬁ%‘aﬁf@%@ﬁ@e@ﬁé’&%@bﬁm oscillator

SHiagea of an aspect of an oscillator assembly for ger_1erating an output
having a periodic waveform. [0053] FIG. 9 is a block diagram of an aspect

of & SRR SPeEa g%mt%rn@%fg,k%ﬁ@ggf Afoudiadpn S0 osoitator

operation for emulating a crystal oscillator.

@iﬂ%@dﬁéﬁ%&g&g@t%@mimﬁéﬂ%yﬂor. [0056] FIG. 12 is a block

diagram of another aspect of a low power oscillator. [0057] FIG. 13 is a

functipaioplockr@asas:PheRilBL IR HRIGWE 'BELAING O0e0L MOLe. < cilator
Etﬁlél Signal or

circuits and a crystal oscillator emulator that generates a'cloc

dhrilafs obmheERRire R, é%ggﬁ;%ewa}%gfunctional block diagram of an
integrated circuit

[0051] FIGS. 7A and 7B are diagrams showing relationships between an

external impedance value and a digital vaiue.

[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 emuiating 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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including a processor and a crystal oscillator emu!ator that generates a
clock signal for the processor. 15 [0059] FIG. 15 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 and
that employs an external component for setting clock speed. [0060] FIG.

16 is @ functional block of an integrated circuit including one or more o
circuiio éiagglfystgll cill &P eMuiUBSHgRA! atRséK diogfemhaf gendriegsated circuit

:signals at one or more other clock frequencies. [0061] FIG. 17isa
'u%%léblég?ﬁa% o %nﬁﬂ?mearg%ﬁ@i RERIAINSMYIates Hrasgsnesrieon clock signal

ireu |.gscill lator and a clock divider that
B o8 W B R Rl S e oodstaestimigiask spee

Pl Gl el A e R A S

processor, one or more Circuits, memory

HhaERaReS UARken aReIfal0P BT 1 2 I el Iek el o

of an integrated circuit including a processor an

sighHs. 54;]6,-[@@,64,],g&tggg%@ékq@m@g&qk diagram illustrating an

integrated circuit that is encapsulated in a packaging material according

to the[poetart; [BRESKFIG. 3liimatunstionaiblock diag {gﬂsgﬁmf ftiuding a

integrated circuit with a temperature comp_ensated on-chip semiconductor
pugibatar thatisrencrpsitalie i erpasckagimkiBASHal 8V W ek divider that

dielectric loss according to the present invention;
generates clock signais at other clock frequencies.

[0062] FIG. 18 is a functional biock of an integrated circuit including a
processor, a graphic processor, one or more circuits, memory and a crystal oscillator
emulator that generates clock signalis.

[0063] FIG. 19 is a functional block diagram of an integrated circuit
including a processor and the iow 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 biock 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 iliustrates one exemplary implementation of the integrated

circuit package of FIG. 21 in furt_her detail;
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[0066] FIG. 22 illustrates one exemplary implementation of th_e inte_grated
circuit package of FIG. 21 in further detail; 16 [0067] FIG. 23 is a S|de.
cross-sectional view of an alternate integrated circuit packagg mclu_dlng
an on-chip semiconductor oscillator according to the present invention;
[0068] FIG. 24 is a side cross-sectional view of an alternate integrated
C|rcun‘:

i ing. -chi miconductor oscillator according to
the prese %?/e&}l%g%;%%@ga?%%.I%g’%'éefﬁﬁﬂr@bg@?e@éoﬂélﬁﬁ@ﬁ?ﬂt@ integrated
j i [ ircuit package of FIG. 24 in further detail;
SRR Bl S o o e

avhagLn-chip semiconductor oscillator based upon temperature
compensation; [0071] FIG. 27 is a functional block diagram of a fractional

d | tinclu 1 ratyre compensation input;
10072) FIG 28 1o & fuctongl PR gyt U sorAt ALEl, Mirated

cihase lerkeddomsibat cM%acmawwﬁe&%&&&@@%ﬁ@dppé*é'cé%’.zs] o the

FIG. 29 is a flow chart illustrating steps for measuring sampling

' [ [ [ itti [ to generate
malganationgpgisis and using a linear curve flttl_ng alg_orlthm _
calibration data between the sample calibration points; [0074] FIG. 30 is a

flow die@89JustrBIiBg 2BNs BIoReASHIRISTMNA0 VAN DIRIGRAYINME e grated
using higher order curve fitting algorithms to generate
circuit package of FIG. 24 in further detail:

[0070] FIG. 26 is a functional block diagram illustrating tuning of a
capacitor of an on-chip semiconductior 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 iliustrating steps for measuring sampling
calibration points and using a linear curve fitting algorithm to generate calibration
data between the sample calibration points;

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

calibration data between the sample calibration points;

[0075] FIG. 31A is a functional block diagram of a hard disk drive;
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calibration data between the sample calibration points; [0075] FIG. ?_>1A IS
a functional block diagram of a hard disk drive; 17 [0076] FIG. 31B is a
functional block diagram of a digital versatile disk (DVD); [0077] FIG. 31C
is a functional block diagram of a high definition television; [0078] FIG.
31D is a functional block diagram of a vehicle control system; [0079] FIG.

31Ej ncti b diagram of a cellular phone; [0080] FIG. 31 Fis
a fun&@rﬂ% blo%?([?éiag '%g;é‘é‘ﬁl%‘ﬁb@%éﬁgf?@ oi & @Q&téf versatile disk
Hpetional block diagram of a media player; 10082] EIG. 32A s a S|de.
(crosg'-sectional view of an alternate integrated circuit package including

( fa
ana gl a /or epoxy.layer for e_d on at least part o B
silicoﬁ%ﬁ; [?()58 ]F?it%g% s a ol e'%rn}lgisa% ioPGOIRY GFaf high definition

i ircui ' [ led glass paste
taltenepte integrated circuit package including an annea
and;or eboxy layer formed on at least part of a silicon wafer and a

condygbyg)material |gyer formed-aora;! @%&Qﬁgﬁér}xh& gr{,r]%%%lzg%d Iasé%b&mstem;

paste and/or epoxy layer; [0084] FIG. 32C Is a Side cross-s

an alfeowgy intqa@ted ECECHitRREKASE MSWAING, SRASE %@!}g@fﬁ@%ﬁs

paste layers formed on selected portions of a sificon watfer;

32D iEpagdile cross-serrignal MRS AR BRISHHFGates: RIFFHE.
package including spaced annealed glass paste and/or epoxy layers and

[0081] FIG. 31G is a functional biock diagram of a media player;

10082] FIG. 32A is a side cross-sectional view of an alternate integrated
circuit package including an annealed glass paste and/or epoxy’ layer formed on at
least part of a siiicon wafer:

[0083] FIG. 32B is a side cross-sectional view of an alternate 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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conductive material layers formed on selected portions of a silicon wafer;
18 [0086] FIG. 33A 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 circuits of a
silicon wafer; [0087] FIG. 33B is a side cross-sectional view of an
alternate integrated circuit package including an annealed glass paste

anfioBEPOXyHAYeEaAdA acordueiyeIRRRINAVRIAGIAGR N 1R RBte integrated
oscillator of a silicon wafer; [0088] FIG. 33C is a side cross-sectional view

circoit apeaikeratinititegigten cirmiznackageingiuding Amamealed 0lassr and a
paste and/or epoxy layer and a conductive material layer adjacent to an
conthhive mudtarsilitaye nadec 400 8O FRit8 3P4 Siflcyid euarass-sectional view
of an alternate integrated circuit package including an annealed glass
pakl88¥id/or effoxidtyer armde copsiustivionalelial layeiradiesentdoimagrated
inductor in an oscillator circuit of a silicon wafer [0090] FIGs. 34A-34D are
circgidePariassetitdingeds ehaltairategiategraet cindibpackegesiayer and a
including annealed glass paste and/or epoxy portions and a glass or
congyiebrel Syiett eYenasigal Hapn[oooilpoIGs. 35icas Braterside
cross-sectional views of alternate integrated circuit packages including a
clg8¥ed (THSs 3PGilison RigerGrReTRastional viev eibafoedeimie ntegrated
6A-36C are side cross-sectional views of a wafer including multiple

.3
Circi{te JRAERPEIr IR RGBS FERIRG adiRsalIaREiRsasiete 2piyr Byskyand a

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 kayer and a
conductive material layer adjacent to an inductor in an oscillator circuit of a silicon
wafer;

{0080] FIGs. 34A-34D are side cross-sectional views of alternate
integrated circuit packages including anneaied glass paste and/or epoxy portions
and a glass or silicon layer that create an air gap;

[0081] FIGs. 35A-35B are side cross-sectional views of alternate
integrated circuit packages including a “C”-shaped glass or silicon layer that creaies
an air gap;

jo0s2)] FIGs. 36A-36C are side cross-sectional views of a wafer including
multipie integrated circuit packages inciuding annealed giass paste and/or epoxy

portions and a glass or silicon layer that create air gaps;
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portions and a glass or silicon layer that create air gaps; It [0093] FIGs.
37A-37B are side-cross-sectional views of integrated circuit packages
including annealed glass paste and/or epoxy portions that have been
coated with a conductive material; and [0094] FIG. 38 illustrates
exemplary steps of a method for fabricating the integrated circuit

Paeisaaing ofkiGsa32Ae 3RDxM0 QAR Like Jaferanra SYIRRE S Nrie MAse Usrcuit
drawings indicate like elements. DETAILED DESCRIPTION [0096] Figure

paciagReWERiREDerirelfeersital O seilaion einsiaticld) febrieneraiinthale been

output signal 12 having a precise frequency. The crystal oscillator
coalwittos toragtive eenetigictastion a single semiconductor die using any

process including a Complementary-Metal-Oxide-Semiconductor (CMOS)

prjaess] [00FTETHE dhystatesaiatmpEmnuiatpslof mandtichtdéa fabricating the

semiconductor oscillator 14 to generate the output signal 12. Any type of
integeatedaritiudtorcistiiiatort mé&sbaafse@lincluding LC oscillators, RC

oscillators, and ring oscillators. The semiconductor oscillator 12 includes

a d8R83] inplikes fefesepthe Renbecyroftie vatisussigrRNiIMEre dodigale like

input 16 may be any electrical input that effects a controlled change in the
3‘3"69%{ 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
'gnatirequency as a funclign oL IemPeraliiS. Iy P

[oo88]  Figure 1 shows an aspect of a crystal oscillator emulator 10 for
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 cscillator emulator 10 may include a semiconductor
osciilater 14 to generate the cutput signal 12. Any type of semiconductor oscillator
may be used inciuding LC oscillators, RC oscillators, and ring oscillators. The
semiconductor oscillator 12 inciudes a control input 16 to vary the frequency of the
output signal. The control input 16 may be any electrical input that effects a
controlied change in the output signal frequency such as the supply voltage of a ring
oscillator and a voltage input 1o a varactor of an LC oscillator.

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

non-voiatile memory may be emploved including content addressable memory
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non-volatile memory may be employed inclu_ding content addressable
memory 20 (CAM). The calibration informatlc_)n 20 may include a
correction factor to be applied to the control input 16 of the_semlconductor
oscillator 14 to control the output signal frequency. The calibration
information 20 may be a function of a change in temperature from a

ligration temperature to an operating temperature, as weII_ as being a .
Kjén)}:t: nI ﬁﬁég'mt'ﬁ?ﬁB@rmiqqmg}wwmpémmmsmhmm be applied
the temperature of the semiconductor die. Preferably, the _ '
t§§ n?ﬁ)ge Fé}t%t{g Elgﬂggrﬁt% ?géa?eﬁeGWQH%dgﬁﬁﬁmﬂﬁ%r Hetotrgroldingtypofput signal

' ctor gscillator 14, Any type of temperature sensor 22 may .
?5??5%35 r'?cr;sq?ﬁg (fﬁé'st?rrﬁlé?grs"éfﬁ’ﬂr? FedPefBdibke Bndurstipersfue change in

flqured to measuyre a change in temperature from a
e o B DR R 161 RO P00 PR e wll 2

géﬁg%g@ﬁ@ggﬁ]igygoiégimﬁ%gﬁﬂgrg{luergalibration information 20 in the

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

databgggggriuding t@ﬁgbm%i%ﬁ%ﬁ rﬁés’rlr?g k_ggéggsﬁéagrgg)aesrgture of the

tables. [00101] Figure 3 shows a series of exemplary

semeLiiRfutRSIOiiEa lUePNIERBIE TRE AU BLIAN ANINGR NS, o) e

output signal frequency for the crystal oscillator emulator

senﬁumwhtgdheiiéuwemﬁa\w@ﬁi@“é?%i@eﬁﬂcY%ﬂl@gg}Sé ‘8&&!%{2;9 14. Any type of

device-level testing and batch-mode testing. [0 xemplary

tspgratvel sty a@yringlidedesd g @asih dauiseR S S R rare detectors.
correction factors to be applied to the semiconductor oscillator to marntain
gfmtgmqramsﬁmprmwfbéhﬁﬁﬂ@w@dqmﬁ%@&ﬁf@-é%ﬁ%@qg%pemwm
fal}om 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 appiied 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

LTAVES

21



baseline value for the semiconductor oscillator control input is determined

for a predetermined frequency and at a predetermined temperature of the

semiconductor 21 die of the device such as the lowest operating

temperature. The baseline value may be measured directly or

interpolated from measurement of another device characteristic. Baseline
divaligemayiaissube asdastoeefdopachtipgtéenipesatpet. TregbaseineAksdue may

baseline values for each potential output frequency may be extrapolated
bdrometmu bt e liire sty uefointecnotatisteriine drerpusatesl chfagBgthgsingevice

a known circuit relationship. The baseline values for each potential output
cipsguienisliona P aeelitsr atbheaiBaluRisal besDras Eerhie] #3fypeiriiial output

factor, to compute the baseline values from a single baseline value.

freonengy Thélesmaseling ofalesdricsaalcRPIaI® PdRThIeREIRomay be

about the lowest operating temperature to ab%at the ma>§ um operatin
B e

SXERRRIAARG " TS RBSSs VaNE B S ENG AR as by

IS oS TpEIae I Lo U o ke o

fr?aeag]%r}c?g?zenaatyﬂ})e&]sse&gg rédsug‘gosr 19{ 'Q&E%Ego'?‘%%” Pefﬁéé}r "?ﬂe ncy factor, fo

erature-o € semiconductor die may be employed. At ea discrete

oSSRl Rpsan Rr e iAmperau e 20d e, ggurection factor for

maintaining the output at a constant frequency may be measured.

(00166} 762 COTRERAAALIS RROIREABUALHI P ARPRIBKLED Hieased from

base value to obtain an adjusted value for the control input. The

ERlRrafRN Rwtar Meperangss fiemparbaselipe ¥pdig steh dsakimum operating
Preferably, a single correction
temperature in discrete sieps. The number of discrete steps is preferably limited to
about six temperature levels to reduce testing cosis, 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 discreie siep, 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 o be appiied 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, fo be appiied to the semiconductor

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

frequencies. For exampie, if a correction factor of 1.218 is determined to correspond



factor is computed for each temperature step, to l_:)e applied to the
semiconductor oscillator to maintain the output signal e_lt any one pf a
multitude of predetermined frequencies. For example, if a cqrrectlon
factor of 1.216 is determined to correspond 22 to a change in _
temperature of 45 C, then the control input of the semiconductor osqlla_tor
be ad'uste%l as a function of the correction factor such as by changing
§

{{%2 cBi T PUISTBREBBIORTtGHN E cdhraeiithe raeFol inanbthéthe semiconductor

ternative, the correction factor may be applied to the baseline value _
%%‘r"r%%%&ﬁ“afmg% B aAksiegiAR Hmeﬁu&m%ﬁ@r%ﬁ Suithraseby changing

S I BB i EBhingot cecrertescatomate, tr
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meém@i-sﬁbéréuﬁﬁl@ﬁr%ﬁ&@%%{aé%ﬁ%@@G@%@e tested may

range from one to any proportion of the total quantity of &lices. For

exam[oe18sjingBatysibescibatiearlai9sih ManAseHeIABEN]) 1o obtain

resulting batch calibration information sto_red in each of the devices inthe
tRitorationadndaromatizaci20f theycrysiaimagloten e MiAaLs 10JNRY RP reducing the

tested for a subset of calibration information such as the output frequency

RHEPBESEMeam mTsemtsrtnr Ehbatub ssit sériRdreuRsIcHisCalPBHIeR- mode testing,
information may be used to modify the batch calibration information

o teatincomsnitreface 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.

[00108] Figure 4 shows another aspect of a crystal osciltator 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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[00106] Figure 4 shows another aspect of a crystal oscillator emul_ator 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 23 oscillator emulator 40 may also include one
or more of a heater 54, a controller 56, and a select input 58 alone or in

SERBSURR LTI IS R 1 e eeondicr o

die in the vicinity e ‘'semicon r oscil

dred E@g@{lgpﬁ@ggtg%gf&qﬁt&ﬁg aay be used including transistor

heaters and resistive heaters. T eater 54 may be operated in

requnaqmanwHé%ﬂf&t‘?ﬂé?ze@q%%s%ﬁé%%%%&%t%edse in the

temperature of the semiconductor die. The heater 54 may increase

vﬁﬂI‘m’?@‘ﬁdh@tgérﬁi@dﬁﬂm%@tﬁééiﬂ@téﬂ%i&%%@é%ﬁéé%@ﬁ%ﬁ%@%%ng. Any

temperature levels for which correction factors have been determine

tyuidlitib heatgpabkage ) dangsedipRi PR ARMRSLRNEBAY SNFIASSINR heaters.
crystal oscillator emulator 40. [00108] in one case, the heater 54 may

Tihereeatetisd seayitendpetatedien iesprarsiuen INBUNRSHHE RPSEHAGre sensor
temperature. Here, during device or batch level testing only the correction

Faclor sunires gbadisgetiatuneaxiining epaTiating utaBpaiatureTHaukkaaYes4 may
to be determined, leading to reduced costs. [0100] The heater 54 may
iRgERAse HnaeMiePnsitgt e temmiettduectoradiavtt thpemives forRRe®bne of the
several predetermined temperature levels for which correction factors
IpERetREeR inveinmirreahisi copstionfestararbasenseemdstarenisedann addition, a

external temperature such as an ambient temperature or an assembly
package having a high thermal impedance may enclose the crystal oscillator

emulator 40.

[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 |evels fbr which
correction factors have been determined. A second temperature sensor may sense
an external temperature such as an ambient temperature or an assembly
temperature. The heater 54 then may increase the semiconductor die temperature fo
the nearest of the predetermined temperature ievels while continuously changing the

control input during the temperature transition using extrapolated values computed

from the correction factors.
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temperature. The heater 54 then may increase the semiconductor die _
temperature to the nearest of the predetermined temperature levels Whlle
continuously changing the control input during the temperature transition
using extrapolated values computed from the correction factors. 24 [0101]
The controller 56 may add extra functionality by for example controlling

h 4i to multiple temperature sensors or manipulating
EEE cmﬁgfmmﬁﬁﬂgﬁﬁﬁf’gﬁég effvey vzﬁggs FtheWRrlirnali Pihdpr example
cERIF&RRG @Qetﬂefﬁ'tt&{@?%%%&%ﬂ@& {8 t%&%‘p?eh?ef%]%% le(c:{a% ma%:%bo(er ?nr.]aynipuiating

type of entity including a processor, logic Tircui

tiB Qs HORk 881 S0 AP WenB MY RE ?}%reg’lf?orCS%!f%?éﬁé’gﬁ%?étﬁ%gﬁ?pond to

output frequencies from within a range of output frequenci

irfteahemneaciember5erested s SiRANGsgf Fﬂsﬁ%ﬁ%@%@&%ﬁﬁﬁfﬂud ing a

n
component connected to the select input. The éxtern ponen y

phecessst digicthiraienpaitios ebiiearsemisrpguctor oscillatc_)r to select the
output frequency, or indirectly such as selecting values of impedance

withir@1 pR}deteTiminedisangritRBEOHRSPeRA 1R QICASSIBNREH, OB output

frequencies. The external component may be any component, but is

fremfenalsly tiqrassitrence maropentt @Mphm@ﬂ%fﬁi&@é.orrﬁéﬂﬂﬁgﬂf -f@&?&lcy may be
Figure 5 shows an aspect of a crystal oscillator emulator 100 having, for

selestagl@stwdussiion mihtheOthpedahod tf eonageiria yerepéeRial connected to the
impedances 106 and 108. One or more pins may be used to interface to

SEiRCbiRAal Ebisariemes)carpangsstamescibiatarsent ety 08sPEOROSIDN of the
derives information from the external components connected to the select

SEfAcARgiod agailiatRe taesnlest the output frequency, or indirectly such as selecting

values of impedance within a predetermined range may correspond 1o predetermined
output frequencies. The external component may be any component, but is
preferably a passive component such as a resistor or capacitor.

10103] Figure 5 shows an aspect of a crystal oscillator emutator 100
having, for example, two select pins 102 and 104 to connect to two external
impedances 106 and 108. One or more pins may be used to interface to the external
component(s). The crystal oscillator emulator 100 probes or derives information from
the external components connected to the select pins 102 and 104. The derived
information may have three or more predetermined level ranges that correspond to
selected levels of the emulator characteristics. For example, a single pin connected
to an external resistor may be used to select any one of 16 output frequency levels.
The resistance of the external resistor is preferably selected to be one of 16

predetermined standard values. Each of the 16 values of resistance corresponds to
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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

on8lBngd yajuesit %@{ﬂj@ﬁéb@@%@%@l WeS:04 ﬁﬁ?ﬁ%@?ﬁr‘é%g%srp ggggi\t/% .c%?nponents

one of the 16 output frequéncy levels. In addition, low precision passive

arcpmRpoReNiu e prefesablorsad-asihsRMe IR HERMROBSAIS 1A riwgﬁt%ry. Each

cost and inventory. Each external component may have multiple,

exredetesmpaenpmnahvakiesitiplear FeHSSPRM HerseE UL R at each

predetermined characteristic level. If one pin is used, then N different

covlesravteristithevatention bef selpetedtdrtminepincshaiaitisedidnetdN*Nf one pin is
different characteristic levels may be selected, and so forth for an

usibrézeing rifiepentot belectiisirinevene type befsyited:haraslerisicsare used,
that for example may be selected include output frequency, frequency
thesleNiRcdifiperbasbarrctoisbicticeviistonaiobexaraldetsthe andtab forth for an
_oscillator emulator 100 may have a single select pin 102 connected to an
INGERASAEI FRSTREF thaerlagtivaveiasnomingl typesesetistios fubaractedsicefthat for
16 predetermined values. Each of the 16 predetermined values has a
SXATBRSUERVaRR RHIBEhidCtsiPe PoRYS BasHEnsIL6 emtneyminkedance, and
output frequency levels possibly ranging from 1 MHz to 100 MHz. [0104]
bapRinE Rt BRSO AP IEo der eyt ARy tasistorgiator 100 may have
a c%&?citors, r combinations of resistors and capacitors, but may be any

Son@RE LR dikitied BRARIRFRIEXISTRaLERSIRIEr ibsismAvehave a nominal

apacitance, or combination thereaf. The external impedances 106 and
vai %%%%dcjﬁ%ctﬁd%?gﬁlfgrm predetermined values. Each of the 16

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/ftransistor 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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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

A SRR St e
B B S S S e
I A L R R e o
AL S ORI I e o

inipeaswed &ﬁﬁj%amé‘yf%ﬂ'%ehmsat%ﬁg%?eo 8%]&? W@Zé’ N seg%igfeeg value is

with a digital value corresponding to 2. e values of meéasu

pre@isipnce taBOALo DS Aavt 400 %%ﬁ%%ﬂgd(ﬁépv%f%ﬁg%ls values of

value corresponding to 3. The measured resistance inclu

measuce lesiseetoftin 2ATTHHBRE GRS AR hey HEB& ociated with 5 digial

measurement circuit. The impedance measured at each select pin is use

vabieletgresperaliogrteshoihieg digitals/afuncdbgrsanaeisizHolatyd4®® 1 ohms to
may include 3 or more digital values and preferably range from 10 to 16

4 thgitahvasuarepasseaiatadiwitt T heditifish ahleesoprispepending 18 €34l measured
select pin may be used in combination to describ%memory addresses.
resistaneeniie date vitiatievingubrie totdemgensob dich textitiefaagiance and the
impedance values that are mapped into one of 10 digital values, may
internal measurement circuit. The impedance measured at each select pin is used 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 vaiues 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 vaiues 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
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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 deV|ce..
Another exemplary device may include two select pins, eaqh_ configured
to interface to external impedances that are mapped to a digital value

L . iqital values bination may |
e R ol PR e i ‘o i
' ' haracteristic of the crystal oscillator emulator
5 (e PR R SR gl GHaitalien & 38sian 122 o
irRSRl illator emylator 120 includesa
e S A B greon

tREIGERI SsenBiigEatian:or 1bg comialaselligtor em atlr%grﬂ’tgﬁoésg}fegpﬁglin function

external impedance 124 is similar in function and Scope to

alfoRedPaaeSHELSMIA A 1 hIOdAEA MARSHEEMENt circuit 126 connected to

the select pin 122 measures an electrical characteristic that is a function

of thg@roginal imperdartretidht FAFEXEMBE. BsRHLeRiyaY Pﬁe%%‘?%@éd pin 122

to the external impedance and the voltage that is developed across

medennes @npedetrical LRiRasrsRamEets AMRcBIPHRGR SRS imgedance 124.

impressed across the external impedance 124 and then measure

Fouewatmplenya roeasntemanbteshpisiiee) fay TREASKERNhPARSEAREBRBGALS voltage
may be used to measure the electrical characteristic including dynamic as

theisaieueioper eonigadse ExemplanypadanteernenhitchRIBNGRNICMEE. a voltage
timing circuits, analog to digital converters (ADCs), and digital to analog

M ReiERYEIAC SErPeefhalssteme! mpesiancectR4isoditinas mdighre the current.
dynamic range. The measurement circuit 126 may
Any measurement technique for measuring passive components may be used to
measure the electrical characteristic including dynamic as well as static technigues.
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 exiernal
impedance 124. The output may be either digital or analog. The same output vaiue
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
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generate an output having a value corresponding to the value of the
external impedance 124. The output may be either digital or analog. The
same output value preferably represents a range of external impedance
values to compensate for value variations such as tolerances in the
external impedance value, interconnect losses, and measurement circuit

ohmiPIRIRNCESH S0 fBCOT StV NeRIOGRIT < EPRIAIYE, #AD POWEL: Flfermal

example, all measured external impedance values ranging from greater

impdBance2 wiies32rhmasdnayecosre ke teadighat ostputyalineahzQ0 value 1o

While measured external impedance values ranging from greater than 32

accoirifobéh@Gphensanaloreirelateitmngieliah asnstdrluals Hd hotllieextemal
actuai external impedance values are a subset of the measured external

impegpedanssaltedion aeceomt far theSgabranaeationsmF3er exampheni) the each
above cases the actual external impedance values might be from 24 to
caseSamimegandifomddtecEionmesstoready baselantmekpeagive l@ue centered
precision resistor may be selected to have a value centered within the
withirarige, munge as2shobmS arehaA® ahmas 48 thisnway | inthipevsyydriewpensive low
precision components may be used to select amongst a range of high
pPregiFefisMIRABHES. MY R¥eUbotlde rAalptl arveagtitettiprEeaciahighleprecision
value to control a device characteristic of the crystal oscillator emulator
outpi®) TieSRIRRIIBIVEI ARG 4Res Isirerdte ARinc@Tirmeral e drranirsbreevice

value, [0108] A storage circuit 127 may include variable values that may

chafeterilieigl s SRMELSRUIAIN SERLERIleCThE G REDIEnaING e jpo De
det%egﬁbr%r%%g %gﬁgﬁﬁtru ’gé%]e E{%]%%r;gtggret:_m addressable memory,

[c108] A storage circuit 127 may inciude variable values that may be
selected as a functian of the select vaiue. The storage circuit 127 may be any type of
storage structure inciuding content addressable memory, static and dynamic
memory, and icok-up tables.

[c109] For the case that the measurement circuit 126 generates output
vaiues that have a one-fo-one correspondence to the exiernal impedance vaiues, a
digital value determiner 128 may then set the output value to a select value that
corresponds to a range of external impedance vaiues.

[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 vaiues 150. The impedance vaiues ranging from a minimum impedance
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[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 |mpedance

values 150 and associated select values 154. The groups of |mped_ar_lce .
VRl dQ o HHBVERENE98 -8R %6ﬂ%f§}iéﬁdén'®@téf|§!je@uﬁg ffcmglgibups, with

152 which are converted to the select values

e%‘é‘é%%@ﬁfﬂ%%?&'ﬂ%'&B%Fﬁ%”&ﬁin?ﬁ&jaﬁe&%mge@sowmiues of each of

' I ing from a minimum impedance 29 value to a
L T sy e
| inal impedange, The nominal impedance values
R P e SRR o i oo awodance vaues

hM’?Aé@H&Qﬁﬂ%eo%?sr%'é'a%Eaéﬁe %%rt%%%lg\/@%gz%%% nfgqaﬁ%ége values is

ohms, of the groups of iImpe e vafues

prERE-SPRCRG S WL BRI OO WS L LTRRT %We\\fg!’uaeai:{ng{r?%%ﬁgﬁg ﬁeﬁ?tionship

based on geometric progression,” however any mathe ca

maRbbeudsaditoRFHINANPRATE IRANMEAN e SN 85 | arithmic, linear,
FEhea

logarithmic, linear, and exponential. The spacing between impedan

angdoepsamaytiae basedspadny HEtRRERN GAYEHAR Qf %@Q%ﬁ%‘ﬁ@@%@gﬁ on any

nominal value, an average value, a mean value, a Starting value, an

inepeting calmuE atitirs yraﬁmfiuemge&ﬁMrﬁlt%u@Qﬁ%@é@%&g a mean

the groups and the spacing may include various tolerances such™ as

vabjer s séadinbevaiuerraaldmp estaiies Ve dolerapersoliaternabielag8ngh of the

current sources, and the tolerance of the measurement circuit. The
im@@gngggangy 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 vaiues 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 s spacing of 16 ohms. This direct

correspondence between the ranges of impedance vaiues 156 and associated select

30



for example be caused by process, temperature, and power variations.
[0111] Figure 7B shows a relationship between ranges of |mpedance
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

' impedance are separated jn into three or more groups, with o
Vaéa%c)%rgggjén dving W%ngﬁ%p@ﬁaﬁfe?ﬁ@%wﬁnéﬁqmﬂgéérﬁf@\%ﬂu& digital

f ﬁrﬂ ps may be selected to have a spacing between
COE@%%%EI@%% anéjé values. Here, the nominal values, 27 ohms and 43

ohmgg pf3fe gfﬁafé?r%ag;%%ﬂ%cﬁga%‘%% haacilaergsgfp%é%%gérg gﬂ]ﬁé dgtermine

This direct correspondence between the ranges o

mahbASRREIFIRY S8R p3AN ?étﬂlégi@ﬁyi Red5R Isﬁﬁs%steéjs bé{?%%%]with external

example, a nonlinear analogto digital ‘converter (not shown).

infRe it Ruek it S HRN RAEESH B RHISHNBRARISIRIRG be grouped in
U iated

memory locations corresponding to the digital output values asso

anyithandernalcimucgdaresscoieateddranginelaqbain I M6MRY select pins,

locations may be grouped in any manner such as a list for a single select

amirg thicbérgetasitefartteeteiesé@ipms and a third order table for'three
select pins. [0113] A controller 132 may set a device characteristic of the

crystil188tillatér eonitalier 1282asrmfusetion akthesvaiabpleteaisis Thane crystal
variable value may be generated directly by the measurement circuit,
osfdiatenpeylrtansefyat eniunetionl ot theatarabiedvdriernmhed 4mabigh@iue may be
contents of a memory location corresponding to the external impedance
osngfrist Sissticbydhhanaasytement circuit, determined indirectly from the select

value, and determined from the contents of a memory location corresponding to the
external impedance values connected o 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 irﬁpedance 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



[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 a.spe.ct, the select pin
124 becomes a multi-purpose select pin 124 for conflgu_rl_ng the cry_stal
oscillator emulator 120 as well as implementing the additional function.
irst range of impedance values connected to the

Egﬁlltﬁé{ﬁp s?e ie|§§féb%1fslrﬂ"’ﬁ1§9 %&%@@ﬁ@ﬁ&ﬁ@lﬁf@ﬁﬁéaﬂm@l 200 to generate
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e e A B AR s ity A eRbrGcluce any

F ! include any type of
typessnadmaoyeei Be aRFilRIN 2SR b, RR08 Ay include :
yE’LL 204 such ascdigitaI@I!_Ls and analog lgi gu[%%ﬂ] Multi-purpose

seleqopiry 206M0Hi2ABIHSY ~@é&§%@§§8‘%§ﬂf£€%ﬂrﬁ$ﬁ Bg%rﬁc%é;)%rrpsoeggcﬁon of

parameters for the PLL 204 such as the divider e multi

theetpmtrpting 206rant 208 Popyrispibe peedsipnraRtplAnd AR alon ofhe,

crystal oscillator emulator 202 such as output frequency selection and

PuERasstioplett :pinefc206 amd| Q08 fnragatifstinn uExeraRbsaiS U2l 3 n of the
212 may be connected to the multi-purpose select pins 206 and 208 to
créglekesniiaipe emuptreRitheyciTias output frequency selection and reception of a
reference clock for 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 selection of
different operating frequencies. Each external resistor 210 and 212 may be used to
select one of 16 predetermined operating frequencies. In combination, the external
resistors 210 and 212 may select from amongst 256 operating frequencies. To
control multiple functions, each of the multi-purpose select pins 206 and 208 may
receive signals within different voltage ranges. For example, one multi-purpose
select pin 206 may connect to an external resistor 210 across which a voltage in the
range of 0 to 2 volts may be developed fo 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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ranges of values of the external resistors 210 and 212 correspond to the
selection of different operating frequencies. Each external resistor 210
and 212 may be used to select one of 16 predetermined operating
frequencies. In combination, the external resistors 210 and 212 may
select from amongst 256 operating frequencies. To control multiple
functy achof the multi-purpose select pins 206 and 208 may receive
signe@:ﬁl iin df?*glrjé‘%t%%ﬂggg aﬁ@&?&éf’&fﬁ?‘ﬁﬁl@?ﬁ\q@%lﬂﬁ%fﬁ?b@?@efﬁfmg an
oSSIRCRIRA0R %c nnegt to an external resistor 210 across which a
l\§/tg):tage%|nt ee{\gﬁ e%%r%bgev%ﬁsq?neepfﬁe dEDEITRIGA0 GRRSIMAL assillator 300
intggigiance, (R kil RS SSlgst RN 206 may also receive a
reference clock signa oprératlnga'scl%ra%rggg%o%?ﬁcfgds éoﬁs?’kfdggéder&qu“e”Cy
08. 32
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300 includes a crystal oscillator emulator 302 connected to a

cdmmuejmyc@onaplbéemem@@@e%@rﬁhﬁ&yﬁéﬂm&?&'Qt%%gg#gtt%?ﬁ%nmg the

may dynamically control the output frequency of the crystal

biemalatenBeauteol tuueamicontisttiayiea say BRABYHRYIRG Bhe control input
technique including a varactor, controlling the bias current source of tﬁe

valtsrgtcepplirtdodseiltasonamcasntioling theccontrihitiorlagmapplied

to the resonant capacitors of the semiconductor oscillator. [0119] Figure
10 sHBWBhe opigration bbboves tieetaperstiystatioanibaiscesiWaidysM oscilator

block 400, a semiconductor oscillator is provided for generating an output
SIYARhavih P Ple rfétic avasatisond Gotorinuie adp ¢ loARigheror generating an
output signal having a periodic waveform. Continuing tfo 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 inciude
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 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 osciliator.
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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_ semlqondyctor die
over a predetermined temperature range and measuring callbr_atlon
information for maintaining a constant output frequency. The die

rature may be sured in the vicinity of the semiconductor |
SR R A oS iy EUTE TSl 0 o
j ratures for maintaining a constant output frequency. The
ikl o R R S e A ok 412
Isansius die, At hloc 4. an operating frequen y,may be ‘
tigigrminedﬁg%%r(ﬁ? ggéﬁ eé%%?rﬁé{?dco#spo%gaﬂ@gﬁtiﬁglABQO‘B%&?WfatUVG to

e ol e G -

operating frequency. At bloc e of the

g ineckin the,Vigini ' oscillator. 33 ‘
tpille miandsn o SIS SSRIMBREATEINL 2t comor e

contesiNLIng e RAIKUERIMANR AN 6 L RARISHPIORN HSPCIAS oy o
levels. At block 412, the control input may be controlled as-a function o

thiiecdestsprone iatgtortal RonRearAte forshanassiin {QﬁwBQﬂﬁi%Q,m% control input

frequency of the output signal caused by temperature changes.

Ve enhanpl e aticneipbtatedticonm éyebetursd aiaaatieh theoRAatg Nk tinuing to

The calibration information may be used directly for die temperatures that

blestdddottiptienonntyerntier amims. Signathesdie @YRBATRBIIESaM® as a function

control input value may be extrapolated from the stored cali ration.
ofi HiPRLEORY ContiBLEN®. block 414, the frequency of the output signal

may I[D()e't%?amig?“y va2i$d ?15 a function of a frequency control sig.nal. |

) gure 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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[01201 Figure 11 shows an aspect of a low power oscillato_r 320 for
generating a periodic signal. The low power oscnllator .3.20 mcludes a
crystal oscillator emulator 322 to calibrate an aptlve silicon oscillator 324.
The crystal oscillator emulator 322 is normally in the off state to reduce
power consumption. At predetermined intervals, the crystal oscillator

emul 2 is,switched t owered on state to calibrate the active |
silicoﬂiggﬁﬁatoﬁsﬁﬂmm%r g%%’éee MeSIeieTRINs e e ees detween the

d . tal ilator emulatqr 322, so operating the active
e RS g AR AL e @585%%@51@%%% A controller
| 322 ] ittently redyces the qverall power
e TS MMIEEpaRR55 Y%, Wah et mecsiipontol he

fr%@ﬂ@?r@%%ﬁg%i%%dwilrgﬁgr i"'?‘?ﬁsee}.r:ﬂng@é’f ) tg{%&;%eﬁyreceive

crystal oscillator emulator 324 may be configur

‘ . i i ri in.thi
e i e T e—

infeetnetein thayaativeisilisfipeasillAesHEPLE and t@r%Sgéﬁ*qu?w]%t%%mgonductor

emulator, output. A controller 328 may generate a control signal, base

argh ttieedrebjeentaesesatieccomiiel dbatrdiRguERCHAl the BV ERNICRRN information
oscillator 324. The controller 328 may also receive temperature

formfeeraation siivortiscitiatal 3¢ikatoae o URQEMRR NIRRT the crystal
information may include temperatures such as the temperature of the

osglintes RIvaipr422thd benfrismiganypematuneay be CeBUOEES2SMaNal value for

include calibration information for the active silicon oscillator 324 similar

thi, FRBLA I EELANR fhrencliisrt esnpreatisses tafooseiliatoinerotatea@RPwiithe active
frequency error may be used to set an initial value for

silicon oscillator calibration information may be used to update the control 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 to analog.

[0122] A regulator 332 may, in response fo 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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the control signal and then the temperature information in combination
with the active silicon oscillator calibration information may be used to
update the control signal while the crystal oscillator emulator 322 is
powered down, In one aspect, the temperature sensing circuit of the

crystal oscnlator emulator 3 ﬁé‘naélrem ln contlnhlouslyég wered 9 that

contifAs® te Be‘?ﬁﬁf 'ﬂﬂ‘o Vr%a%}'ﬁg%t?ﬁﬁl 450, Shve 'RomQIGHely 1n the on

ECO

st%%%g%ee ’ ﬁérlol%s |'% fo m{a&b%‘egg 'E)a%\rgrtgg gc%lkgtcgpeeﬁ 84 322 is

ogc nverter ma convert

| | .\
St d SR A GO e %ﬁﬁ%‘ﬁﬂfgé&m osliator
egﬁﬁ'l [losA24 10 éu SNE8ReLAIRY JreduRR 32fo%.suﬂpl¥ ‘Pfr YQURBRined time,

or currentt ctlve silicon oscillator may be controlled. For

SWEI%gg]%cfe@%oé&%ln&%lﬁé’t'&trr@r#*u?aifé’rl@ﬁﬁ levied Qorih8atidRRIYr oscillator

voltage [0123] in operation, the active silicon oscillator 324 is normally

ofntie Qs lalR SpnsredngiBBertndicioO UM siaifrhiEhesrty Sl aaeikaifalibration

emulator 322 is normally in the off state. In the off state, either all or a

indertieniet thmerisiqhoseilatahectunaiosigAa! BRthbenete sttt emulator 322

conserve power. At a predetermined time, power is applied to the crystal

i9esiiparee wittatae I2uBhe\sefiticondyniosigeaillefdhechttiescsjistah oscillator 324
oscillator emulator 322 is then calibrated with the stored calibration

tinfostantion. Fre fiemernyy erfthecd dtputesirealsifde cgmlatasSBéatorThe control
emulator 322 is compared with the frequency of the output signal of the
sgtizeiSicdrangeillitorespanse detiherireuesdieguencyeasnodd giifhiitee supply
silicon oscillator 324. The control

voltage from the voltage reguiator 332, leading to a change in the output frequency of

the active silicon oscillator 324, reducing the frequency error.

[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 normaliy in the powered down state fo 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 intervais, the
crystal oscillator emulator 352 may be powered up and used to calibrate the charge
pump osciltator 354. The predetermined intervais may be determined as & function

of any circuit parameter such as operating time, temperature change of the

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

supply voltage change.
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signal 334 changes in response to the frequency error, causing a 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 error. [0124] Figure 12 shows an aspect of another Iow_power
oscillator 350 for generating a periodic signal. The low power oscillator

350 i ac illator emul r35_ in communication with a

charlgn?gl?r%% 052%%?%@% w@pc%%(afgfaé Eéégop@i@fﬁ?nﬁﬁmgi r?nugp 358,
' r \ . ‘

o e e T ek honecimiesior S02. The

atargetgiush? maibppawered Qﬂ‘{ﬂ%rp%p&%%? %W"t]ggcliﬁ%gg{? lsgﬂfr%{@rge pump

crystal oscillator emulator 352 may be powered up an

abeilziarge epospp asgiliorskdefls B‘iﬁgﬁt&fv"m@e&%ﬁgr@tseg}g{ngggn{gszeives a

determined as a function of any circuit parameter as operating

reerpocatatockvigns nbih e eRGRISIER BRI PRpSTalure change.

temperature of the semiconductor, and supply voltage change. 36 [0125]

The chét 8lpump anoltipiexsiS4saaydaeivde W%@S&U%Q@’ﬂj&‘%pt crystal
filter 358,gvoltage controlled oscillator (VCO) 360, and phase detector 385

OPRElaipraryByiaion WL ibadriBSAdsaige O RAGHABIBERNVERIRNE} the outpyt
charge pump oscillators, except that the reference input of the pha_se
SRIBEJF F6eréedived asasielciteudocinsignaliiiiensihersrystal BREMERkKed joop
ulator 352. [0100] A multiplexer 364 receives the output S|_gnals from
3&% ory SfaPBReRIR6KRIOBES Tanemtes argetpumsigatillalos Hdction of the
One of the output signals is selected and passed through the multiplexer .
oy oségﬂﬂ’ﬁsféol’@cﬁr@ocfﬁﬁ‘ oscillator emulator 352 and the charge pump oscillator

354.

[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 controlied to
reduce the phase error so that the output signal of the charge pump osciltator 354 is
calibrated to the output signal of the crystal osciliator emulator 352. One of the

output signals may then be selected and applied to the PLL 366,
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366. The phase locked loop 366 generates an output signal as a function

of the output signals from the crystal oscillator emulator 352 and the

charge pump oscillator 354. [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

midy B8l powBRIBTBRA G PGB BeTRs: TomsuRpiBaomtacrEaeicsAliiagudes a
time, power is applied to the crystal oscillator emulator 352. The

CrystgeRTEUAIRICRPUELENIAT BIhE TRAFIPESIRREK SRR or 382 ¥ ReFP crouits
s0« B AR S Bt oot e 0t e
oIS PR O A s e S e

12, e‘fﬂ@&r%l?éé%%ﬁ%‘hﬁi%@' 8“%&%‘&9&9%9%@ QESUJ%‘L?é t%fg‘éé%_% or other

calibrate the output signal of the crystal oScillator em ne o

circulfl® OMMPULRigNAls Mav-then ke selected and applied tothe Pl 366437 oiock

[0102] Referring now to Figures 13-15, an integrated circuit 500 includes a

frequedeleb OgRll R SMsaiaLR @ hataener ales R aR Gk signALONERmare

circuits 504 in the integrated circuit 500 receive the clock signals. The

crystimscillaigfepingliatw 02garnbe snpemieniadatdesried @baxrias a

conjunction with Figures 1- 12. The circuits 502 can include a processor
clocib Hviesheren tnat-igenerbdeer ity Sitiguits. AAbSdervné ComMpRASMtABH ciock

can optionally be used to select the clock frequency of the crystal
frequestiliesoioe rmintatar SP2-asSBAN. in, FHigure32L8 anolidbtively circuits 522). The
circuits 522 may be interconnected fo each other in any manner. The clock 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 divisars for producing different clock signals for other circuits

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

the integrated circuit 518.

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

[0105] In Figure 18, the crystal oscillator emuiator 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 ciock divider (not shown) may also



[0103] Referring now to Figures 16-18, an integrated circuit 518 includes a
clock divider 520 that generates clock signals at other one or more other
clock frequencies for circuits 522-111. 522-20, ..., and 522-N (collectively
circuits 5221, The circuits 522 may be interconnected to each other in
any manner. The clock divider 520 divides the clock by an integer such

b&prSvaistOrTHY iptiesdis: S8kt dessHXsA0aRHRION/ %42 and/or other

adjustments. The clock divider 520 may also use one or more additional

ciraits Sdidydbdsatertampradusingeiffeeriniosiasiganals for other circuits
522. Ts he clock divider 520 outputs N-1 clock signals as shown to N-1

circuf1B8p in Refentegrated tir€igudd 8.0 dodihiedrigiece Artuirgdofitutudes one
circuits includes a processor 530. The processor 530 can be connected
orgnhke ctiekigivider b200nstead @hdnBiiér-i tetdiciciivaty thiecoitgsBl2) and the low
oscillator emulator 502. Additional circuits 532-1, 532-1, and 532-N
PRWRIrRSAIEERS Wik, thé islo GPavIge @520 $01DSTI R FvyErt t@NHeCHyBMith Figure
oscillator emulator 502 provides clock signals for a processor 530, a .
T §rapR ShBRSHEBH 54T dHAAP 54 PAERT VRS oF NGt PdGits A Adopk divider
the intg@rated circuit 518. A clock divider (not shown) may also 38 be

(A . )ﬁ‘f@’&%B&%@F@%?%?&[ﬂﬁ%@Sé&%%Y%AO, memory 542 and/or
rerelEHow GHER RS o el ted B O BOM I ERTESDNE G Dhckaging

> citcui -1. 602-2. - llecti ircuits, 602 d .
R e o O e R G SRRt ey it
pSRBINREURH WHKENG, 1daddne 21488 %W&%W%HEW&? FREIEES TR rate, the

as shown at 610. A clock divider
bondwires and portions of the leads may be encased in the plastic. The properties of

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 cscillator 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 achievabie calibrated accuracy.

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

time, which may have an adverse impact upon calibration accuracy. As used herein,
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(not shown) may also be provided as described above. [0107] Integrated
circuits (IC) are typically encased in a packaging material. The packaging
material may include plastic. The IC substrate may include pads that are
connected to leads of a lead frame by bondwires. The IC substrate, the
bondwires and portions of the leads may be encased in the plastic. The
the pIOPelischictiespackeging matekaldhatds raemallnisadyirpaakaging rise in
the IC may change over time. The changes may cause an oscillation
temfregquency’ ef diziestchipiasedlatartaieft aver imeritheiekangesiimghis due to
packaging may be due to changes in the dielectric loss of the packaging
"mofacteiafmentingg. Thelehanibiinike patkagingsmine aioos doe to reorient
water absorption of the packaging material at different humidity levels. As
therasebasitwitie acksglirfinaietatries)) isicte dohiswittaicalivatetdr exampie,
accuracy. [0108] Referring now to FIG. 20, an integrated circuit 700 is
whesnbapgbidafeacinina paBiaeway maiesidiroeacesionies NiTpMEiirtinathe food
can be appreciated, characteristics of the packaging material 704 may
vibraiaAfe el BR8N SRMESRIRIRIHGH OF asvidmeAtas kenarione. gyfable for
example, when the packaging material 704 includes plastic material, the

USEiR | BURTREYEDIINEDINEIC DR AP EHA G bver tFReTRIRER TEGVE Nign
. have an adverse impact upon. calibration accuracy. As used herein, 39 ,
e e [ BRS TB R Feers 10 g T EHATGy el ertlity HRSHU ks Hestos

v liSe inntarRPmeratrureoof. eg'enlectricr[?_llaced inana tergating ielectrical ifield}. |
“Xqﬁ%%?ﬁi’g isdueo r']morgcu ar friction™ of Jf?:)% QaANVithiR 1he Material as H(—:-C oss

ord ARSI repient, herpeslves e osclling flesiieal T8k 0f e
t (0]0) |

e Incident wave. For example, when eating in‘a microwave, the

fre&jgﬁ&és?mgfg@étwg%g@méﬁhgﬁ g?é’%referred.

[0109] Water absorption of the plastic material over time may also

adversely impact calibration accuracy. Since water has a high dielectric loss,
increased water conient in the packaging material tends to increase the dieslectric
loss of the packaging maierial. In other features, the packaging material may alsc be
a2 low stress material. High stress materials iend 1o warp, which may affect circuit
characteristics of adjacent circuits such as by changing channel iengths. As used
herein, the term low stress refers 1o packaging materials that tend to be stabie and
not change the electrical characteristics of the integrated circuit due to changes in
stress. In some implementations, the packaging material has a dieleciric 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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vibrate and are heated. Some materials such as certain plastics are not
suitable for use in microwaves since they absorb too much heat. These
materials have high dielectric loss characteristics. Other materials such
as other types of plastics experience little or no heating. These materials
have lower dielectric loss characteristics. Since the circuits described

hereinomey) operiRAlnRIaEwWaY €| Eiequensiesidgmitdielertiin PSS with an on-chip
materials are preferred. [0109] Water absorption of the plastic material

senttdinadnaystiatadverselytnnapteaibeodiommeesiasy. iSiBcemadatapsulated
has a high dielectric loss, increased water content in the packaging

inatesakégings taiecks J5e/tadieteetrionasislettihe paskagngdngtetiahdnpresent
other features, the packaging material may also be a low stress material.
inyrfriione SEhe aRekegingnthatenaly, Whichyney afiettitiroaitkaging material having
characteristics of adjacent circuits such as by changing channel lengths.

love disdertfielens: the waad 16w sinedbedfiTs (tppadieighitionieserissatsato materials
tend to be stable and not change the electrical characteristics of the

hRYEs AREit deRsthahdndessiihan<ysenvabineTiniisie mbmdaisvantheperating
Ipackavl%g]%érr%it?rial has a dielectric loss factor (GLF that is less than or

TSR PAAGR &t thE FeRRAIAIRB AIRASNGY Gh&hatin MihebgMeatefeHz andior
than.l GHz.40 [01101 Referring now 10 FIG. 21, an integrated circuit 7,10

2\i?%th a ZOn-(;ﬁ?S é’@r%%@g%c%?%giallla%aff 71‘1%@%%5@%?{!?& Teﬂo”(% Teflon®

I i oL et he i Siviene

A e U AR concme
of ethylene and tetrafiuoroethylene (ETFE), low dielectric loss plastic, high quality
glass, air and/or other materials. Any other packaging materials having dielectric ioss
that is less than or equal to Teflon are contemplated. The packaging material aiso
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 osciliator 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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having a dielectric loss that is less than or equal to Teflon at a relevant
operating frequency of the IC. The operating frequency of the IC may be
above 1 GHz and/or 2.4 GHz. The packaging material 714 may also
comprise Teflon', Teflon' PoiyChloroTriFluoroEthyiene (PCTFE), Teflon

t(g%%af %QELE@F@ ﬂsw'sgemﬂrweas}?aﬁé%ﬁgiﬁgqéﬁmﬂe'mé%uitame

fzel{(r) and Teflon copolymer of et uoroethylene

dElEEhJow disisclriclass plastic, igbayality: 0lass, 3iARAOLAST others that

materials. Any other packaging materials having dielectric loss that is less
ghae@s eafkable Teflon are contemplated. The packaging material also
may have relatively low water absorption. [0111) Referring now to FIG. 22,

an ex¢mpRiry impdeenemgation abtieGintegratediaieiit-patkaaas thioui backage
is shown in further detail. An integrated circuit package 718 includes an ‘

Tategnatedesirenitat24ttinat iaclpdesipadofd@nsaads Z8thnbrdlead: frastigator 741
733 are connected by bondwires 734 to the pads 728 of the integrated
apasuiting S ére hereggnieicietedioth e lintbgr atmdaiiowenin chedesraic@mietiip osciliator
semiconductor oscillator with temperature compensation as described
HogempringioAs HTHISERMISITAE, itubiond 4lired Thzsanayererittaganedead to the
circuit 724 are encapsulated in a packaging material 736. The packaging
MEEAKIC I Ha§URS EE I d<tie paitkagirehiaierrpmayiaydovadieldegiepoxy layer
loss. As can be appreciated, other_41 types of packaging such as ball and
PR RS GRYS PN RCIGRITG ISR oliRer LataiehAthadiePRORNRIRS ARR)and the
be employed in thi bodiment and/or others that precede or follow. o
R P HBR B A 2o SRR e o g SR B FRERAG 0. I tie

case, the dielectric loss of the packaging matenial is less crifical due fo the distance
between the inductor 742 and the packaging material 760. Therefore, changes in the
dielectric ioss and/or other characteristics of the packaging material 760 are less
critical as a function of time. However, the packaging material cank be low dielectric
ioss material. While the glass layer is shown over the entire integrated circuit, the
giass layer may be limited to a smalier region immediately adjacent to the
semiconductor oscillator.

0113] Referring now o FIGs. 24 and 25, an aliernate integrated circuit
package including an on-chip semiconductor osciliator according to the present
invention is shown. This embodiment is simitar to that shown and described above in
conjunction with FIG. 28. 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 i1s formed between the inductor 742 and the glass layer 744, A thin epoxy

4>
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738 includes an on-chip, temperature-compensated semiconductor
oscillator 741 according to the present invention, in this embodiment, the
semiconductor oscillator 741 comprises an integrated circuit inductor 742.
A glass layer 744 is bonded to the integrated circuit substrate 740 using a
very thin epoxy layer 750. The epoxy layer 750 may have a low dielectric
loss. The glass layer 744, the epoxy layer 750 and the integrated circuit
layesulisiratéord@d izcbneap sotatiesin aymckégingdriate b dGlethdinisitcassstrate
the dielectric loss of the packaging material is less critical due to the
740drrises BoendeantHeinavieror 42 Brrigles pinladging matenalsléted to define
Therefore, changes in the dielectric loss and/or other characteristics of
the (RaVIU RRR AP RSN IDY ard\fiasethyic hasuipasniaist ohaynimclude multiple
However, the packaging material can be low dielectric loss material.
layspoiRE ALGESIOBR AT ONRE theairéomes e @iircuit, the glass
lay be limjted to a smaller region immediately adjacent to the
seiéﬁ%ucté%@f?&”%ﬁd??mﬂ {ReARrNGANGRIES BiEE 94-5hA s5migpnductor
lternate integrated circuit package including an on-chip semiconductor
oscgléagl [afg?\écc%r Fﬁtd%g ‘f#gapér)%ageurﬁ% vemtis %%ﬁoWﬁ%ﬁ@%tfﬂBo%‘?n%ﬁY'%”my
imilar t d ' a in_conjunction with FIG. 23. . .
o A, S T IR RUR B AR B ke  Hoesine

the-@éﬁﬁﬁ“é%@&ggﬁ‘&%@bﬁgﬁmﬁﬁ%ﬁ%ﬁdmgcégﬁag\i@ro%aj&Qf?m}gtor of

752 is formed between the inductor 742 and the glass A thin
theRMi¥darattte@dsifieipied between the glass layer 744 and the integrated
circuit substrate 740 in areas other than the cavity 746. The glass layer
744magbe erbiesriagdebine ttheicavity angh dippeskid ERMeLIA IR aAtides 2
the glass layer may include multiple layers of glass and at least one layer
fradimmal czhvaisefdotieetitieoging31 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 controlied csciliator (VCO), which generates a VCO output having a
frequency that is related to a voltage input thereto. An output of the VCO 846 is fed
back to a scaling circuit 850. The scaling circuit 850 selectively divides the VCO

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

have other values.
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10114] Referring now to FIG. 26, a capacitor of an on-chip semiconductor
oscillator may be adjusted based upon temperature compensation as
previously described above. As can be appreciated, however, there are
other ways of adjusting the oscillating frequency independent from

adjusting the capacitor and/or inductor of the semiconductor oscillator.
[0115] Referring now to FIG. 27, an integrated circuit 830 includes a
fractional phase locked loop 831 with a temperature compensation input.

Th tion 31 in sa phase frequenc

de?é}gﬁt?’rﬁ SBG%g%%%‘Je?\%%se g’r%? gﬁggﬁ 8f %%qgte%r%t‘esd %?Pcua Séc}ﬁat%? phase

freqB8Re)VARB APCERES ASiARSSHRIGLAONG HIR Eﬂ%geugg%q”e@ﬁgpg%ﬁﬁg%f the

836 generates a differential signal based on a etween a

intefHREENERCIRBENGY 3RE! feifie HESHERCYCT Becilifsresil sitmaliSmperature
output to a charge. pump 840. An output of the charge pump 840 is input

sensorarsdptiongueoxiiltemBédative owigHaD e IRon e BA%isiHaRY! I @bration
voltage controlled oscillator (VCO), which generates a VCO output having

infoaméiarun8ytithats siwiaded tosaoifeRE6inPuttbeletmd mimirofibenation is
VCO 846 is fed back to a scaling circuit 850. The scaling circuit 850
useddeeaijiesy toigealineoiod Ghegudineydelediart bitibratitn énibamatibit hdjusts a
_divisors are employed, the divisors may have other values. 43 [0116] An
ratio,gtdhe Sitisersddiaiy ditlthet e naedayKkhe scalipgaiccuitdifency
- detector 836. A temperature sensor 850 measures a temperature of the

intdgrated cirRTEBBINME Bgidl nehr i REBSIEMmRoTagPoMMephase locked

ratur?bsen r 850 oqtt uts a temperature signal that is used to
|

resslsc aﬁ or\g Io'nor an iniegraied circult 860 tRat includes a temperature

looée
a
compensation input. The selected calibration information is used to adjust an output
of a Sigma Delta moduiator 870. The selected calibration information may adjust a
modutation between the divisors N and N+1 that are used by the scaling circuit 844.
[0118] Referring now to FIG. 29, a flow chart 800 illustrates steps for
measuring sampiing calibration points using a linear curve fitting algorithm to
generate the calibration data. Caontrol begins with step 902. in step 804, control
measures sampie calibration paints at a piurality of temperatures. in step 808, linear
curve fitting aigorithms are used to generate curves for other temperature points
between the sample points. In step 808, control ends.
[0119] Referring now to FIG. 30, a flow chart 820 illustrating steps for
measuring sampiing calibration points and using higher order curve fitting algorithms
to generate the calibration data. The steps shown in FIG. 29 may be impiemented

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

802. in step 824, control measures sample calibration points at a piuraiity of
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information 858 that is stored in memory 856. The selected calibration
information is used to adjust the scaling circuit 850. The selected
calibration information adjusts a ratio of the divisors N and N+1 that are
used by the scaling circuit 844. [0117] Referring now to FIG. 28, a
Delta-Sigma fractional phase locked loop 858 is shown for an integrated
circuit 860 that includes a temperature compensation input. The selected

teRRIAIARLRI INfRIERAIIgHH'S ﬁfgﬁgé;ﬁ’{@rg*uc:SL}ﬁa}g ﬁﬁ%ﬂ%&gﬁgﬁg}%ﬁg@ to generate

modulator 870. The select ation Inf
cumeduttion devesstiediisoms N R Nk that are Use%gy the scaling
circuit 844. [0118] Referrin% now to FIG. ﬁ?a%g\?vec SSG00'Tii§&Patas: control
ersteps for measuring sampling calibration points using a linear curve fitting

algorithm to generate the calibration data. Control begins with step 902.

in stép190%, coRetdmnegasures sataple cadibratignpeints at @aﬂlc%g"tyéggempt ary
temperatures. In step 906, linear curve fitting algorithms are used to

Impiseraisianyes for othsenempentitreaniniowheRERAHHE SHMBIEROINSA the
In step 908, control ends. [D113] Referring now to FIG. 30, a flow chart

PTESPN|(fR{RIRG stepsterimmererntersamplingrdatistativivaoiptmand WSiRBesent
. higBer order curve fitting algorithms to generate the calibration data. The
"MEBHRLHBRN MRRENY ARy Hatrapkedentsyitusing aamonsiihter thaboth signal
prindugxﬁs a rPf{/ocess%r nd memory. Control begins with step 902. in step

957 Contior resRlVes AHTe WHIRT 278 9 pomelaicaiitieality 5TG481A at 1002.
inteBMRE | 926, higher order curve fitting algorithms are used to

generate%%'?’&é%‘o%%téﬁ%e Q}a‘?ﬂ?@%ﬁlﬂ@s HHpesre!saicuic HiRtend/or
otthRStaR R EnEPBHANE M She HDD 1000 may process data, perform coding and/or
encryption, perform calculations, and/or format data that is output to and/or received
from a magnetic storage medium 1008.

[0121]  The HDD 1000 may communicate with a host device (not shown)
such as a computer, mobiie 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 wirgless communication finks 1008. The HDD 1000 may be connecied
to memory 1009 such as random access memory (RAM), low latency nonvolatiie
memory such as flash memory, read only memary (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 pressnt invention may

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

control circuits, which are generally identified in FIG. 31B at 1012, and/or mass data
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[0120] Referring now to FIGs. 31A-31G, various exemplary
implementations of the present invention are shown, Referring now to
FIG. 31A, the present invention can be implemented in a hard disk drive
1000. The present invention may implement any integrated circuit such
as either or both signal processing and/or control circuits, which are
SRRl herddHeddAvEd030A dirrosnan BEvResAifte ATsHeitiersraheircuit 1012
signal processing and/or control circuit 1002 and/or other circuits (not .
RUBHE M B YRV BRdResE WRtd Op8riBam BEmRES iR Perform coding

tion, perf Iculations, and/or f t data that is output to
il STV RGP Ry S A ARG OB 15 TRAGHi andior

B S R AL BT e 5 s e s
AR, TR Wive g ke, i e e, o

Via one more wire
: 9 .
0000 OSSR 1995 SNSRI ATE R rr

memory (RAM), ow latency non

dgrs Q%héﬂb%ﬁ@é\éié@%bﬁ&%%@%?é@ﬂiwa $esYgRigdata storage.

[0122] Referring now to FIG. 31B, the presentt invention can be

impleepted in aidigieryersatileds EOntVR it O WINERBERIE device (not

invention may implement any integrated circuit such as either or both

stignal) sacessing aoApnLEOTERIGIGHIE, WiNeR ak/aeneralbhislentifRfldwired or
FIG. 316 at 1012, and/or mass data 45 storage of the DVD drive 1010.

Wihelesig nedrpraseisstiug alivddor @itrol et DY 0121 @neéy ethamoinaiite (v mass
shown) in the DVD 1010 may process data, perform coding

data storage 1018 that stores 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 1018 such as RAM, ROM, low latency nonvolatiie 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

dispiay 1028. In some implementations, signal processing circuit andior control
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and/or encryption, perform calculations, and/or format data that is read

from and/or data written to an optical storage medium 1016. In some

implementations, the signal processing and/or control circuit 1012 and/or

other circuits (not shown) in the DVD 1010 can also perform other

functions such as encoding and/or decoding and/or any other signal

processing functions associated with a DVD drive. [0123] The DVD drive

1010 may communicate with an output device (not shown) such as a
ciregdnigdie AnelevistbarcrGuity Mevisbananpmé trenrtiPd Wité@bmmirptessss data,

communication links 1017. The DVD 1010 may communicate with mass
PeRiRITR SRNGANGHY REERRIRR PREGHT™ FRIAVETHENS niemmel falfeandiss perform

data storage_1018 may include a hard disk drive (HDD). The HDD may
a”%%&%@%@é&fﬂé@?&ﬁ&ﬁ%@ﬁi}m i3 525 PR FEREIIEBD may be a mini HDD

s L S, A e o
,. |atil flash .
s AT O A Rl ety Sl i oo

de oY% 10A 5 S 1 ne BRI GREN HEVES IO '&&ﬁ;@%ﬂﬂw !s%ﬂtﬁd%’—jfba%igxhan or at

definition television (HDTV) 1020. The present invention may Implemen

|leaN¥riBlea/Bieskyitcale HeNBRMIINSHSH RABWHIREHRICSPESIRGANHES may be 2

control circuits, which are generally identified in FIG. 31E at 1022, a

miM/HBI ithigriackidasdiol npasaalatp) stRRISAith & HEEMED 2RaTREs ABIRY than
1020 receives HDTV input signals in either a wired or wireless format and

apprenematesy MIBTV olitputBigkalS20r magtisielayohA@éieth BOoMEmMory 1028 such as

implementations, signal processing circuit and/or control 46 circuit 1022
RAMJRPbthéweitetgrcihoosholaiiiy ontmaetD Buch026 e presess, data/or other
suitable electronic data storage. The HDTV 1020 also may support connections with
a WLAN via a WLAN network interface 1028.

[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 v_ehicée control system. In some impiementations, the
present invention impiement a powertrain control system 1032 that receives inputs
from one or more sensors such as femperature 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 signais.

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

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

signats from input sensors 1042 and/or output control signals to one or more output



perform coding andior encryption, perform calculations, format data and/or
perform any other type of HDTV processing that may be required. [01251
The HDTV 1Q20 may communicate with mass data storage 1027 that
stores data in a nonvolatile manner such as optical and/or magnetic
storage devices. At least one HDD may have the configuration shown in
FIG. 31A andior at least one DVD may have the configuration shown in

deviges 394 THE 3958 MRPEEAaHaAEHDD aRErm aveied cl#ermryree part of an

antﬂat e Si aving a diameter that is smaller than approximately 1.8". The

§HE dovirdc AR HRINDSYT6B SUEPRAEA R TRIV Aanicle

S R o e ShRer et o B B oritons e =
' ' ingert 29, [0126) Referri .
Rk R L L e e A

otheP Bl SIRAN G SareisiRHR i WLAN interface and/or mass data

storage of the vehicle control system. In some implementations, the

presenb#nvention IRHIRMEH adaveriaieronye sysiersHaRntBak with mass

receives inputs from one or more sensors such as temperature sensors,

datprefsate: SHADRat Giohen ahtaans® oiHiaWSeRSAT ATHE muss UBEY storage
suitable sensors and/or that generates one or more output control signals

1048i0has ienide opticatimgqaramserdidraiosayssi@vicpefatirgample hard disk

- parameters, and/or other control signals. [0127) The present invention

drivagy-H#iEs ardieplevidmtedt ilgasheneohiidl mzstdwvaes1b40configarasiciclehown in
1030. The control system 1040 may likewise receive signals from input

FIGerdbrandisd 25 irast SRRpHVELAIRY Sigmtheocondasratior st i 71C. 31B.

The HDD may be a mini HDD that inciudes one or more 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 nonvolatiie 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 inciude mass data
storage, memory and/or a WLAN interface (all not shown).

[0129] Referring now o FIG. 31E, the present inveniion can be
impiemented in a cellular phone 1050 that may include a celiular antenna 1051, The
present inveniion may impiemer}t 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 celiular phone 1050. in some

impiementations, the celiular phone 1050 inciudes a microphone 1056, an audio
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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 entertainment system such

as a stereo, DVD, compact disc and the like. Still other implementations

are contemplated. [0128] The powertrain control system 1032 may
Ui AR iRss Keatansitamgedio 4ithat siokes dasBIiy 2060 and/or an
inol nyvolatil nner. The mass data storage 1046 may include optical

pané’f&‘?ﬁaeb‘?ge%ié‘é%réaead&x@@éﬁyfmm@med diske dritestidDBnd/or other

i”*’gfél%* DVQ%. At Ieagt one HDD may have the configuration shown in

S3TR andior W7 RN GRS P BNRIRY FRIVEAIHEreulsig O&Riendihoathencircuits
drl&, T B ay.be a mini HDD that includes one or more

" platters z’a@iﬂgea% %@r‘g}ét Pot%%t%gsbngf?é'r fHRRESSpFSkimariprmecoting and/for

en HraRygeRtrolsysiss g..conngcted to memory 1047 such
ggﬁM,%OM, low Iatpgg\%ﬁgﬁ\%\a 1855 AP s REH 4= SEhemenliuigy phone

funatig¥@r other suitable electronic data storage. The powertrain control
system 1032 also may support connections with a WLAN via a WLAN

netdtBonteriane d6MBar bﬁo@@ﬂ@%@ﬁé"y@&ﬂ@%@@ﬁﬁ%l%%%%%]ss?orage

data storage, memory and/or a WLAN irterfac 0 own%.
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cellular phone 1050 that may include a cellular antenna

slopes diaviAve iToRxampimpineiok atjvistegbaleshgjtsuil\poeh a8 RItAERAL 1ipp
both signal processing and/or control circuits, which are generally

MmN BAYfHderiAGERIURERa 08D i E. ANintedat e niediaromass/dakay have the
orage of the cellular phone 1050. in some implementations, the cellular

OB SHIMATuEdS ﬁﬁ&oﬂﬁ@n@@@%amammim HDD that inciudes one or

more piatters having a diameter that is smaller than approximately 1.8". The celiular
phone 1050 may be connected to memory 1066 such as RAM, ROM, low fatency
nonvolatile memory such as flash memory and/or other suitable slectronic data
storage. The cellular phone 1050 aiso may support connections with 2 WLAN via a
WLAN network interface 1068,

f0131] Referring now to FIG. 31F, the present invention can be
impiemented in a set top box 1080. The present invention may impiement 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 2 broadband source and outputs standard and/or high definition

audio/video signals suitable for a display 1088 such as a television and/ar monitor
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48 output 1058 such as a speaker and/or audio output jack, a display
1060 and/or an input device 1002 such as a keypad, pointing device,
voice actuation and/or other input device. The signal processing and/or
control circuits 1052 and/or other circuits (not shown) in the cellular
phone 1050 may process data, perform coding and/or encryption,
perform calculations, format data and/or perform other cellular phone

and/gyeRBhE R 8D EEIRIRIRGIRYIE850 Hi2 YBRARIRRERRINRIANHESENTTO!

. data storage 1064 that stores data in a nonvolatile manner such as
ciroi5 A B AGRB ST % AETHES RriBRaRpIRhER L dfeorooess

data” DRANIOLDNDS, At loagh ane DD, pavhave g confiayraion shoun, o
atay, RAEOT) KOSMFLR AP R S ERD Ay havelie Configuration Shown In

FIG. ini HDD that includes one or more
perfoJr% t%ﬁ;é %thgpgé_{%%r%@é? ﬁc}:ﬁdﬁ?

plat aving a di at is smaller than approximately 1.8". The

;ﬂeﬂ%@]pm%&@ RRY R comresiad > MrMAREA RS 8%:BAMrage

M, low latency nonvolatile memory such as flash memory and/or other

1008ultablaplackanicidatansintate Thersriiularhengsd QhR-akse-88_Y1090 may
support connections with a WLAN via a WLAN network interface 1068.

incll@d Bt famiio nmadadiSsiBiigatipvicesefiriny@niisls eanibsisk drives HDD
implemented in a set top box 1080. The present invention may implement

andaonyDVilegrate desstuitrs chDES gidlyehavebditle signéippraimssinowemdioriG. 31A
-control circuits, which are generally identified in FIG. 31F at 1084, a

andign AiNeat daed-ifld/oray asyeda swfageadibthersewnop bix 1080, The HDD
set too box 1080 receives signals from a source such as a broadband

mayfgrde A BipuEatdRaktPa R rRighrRfPIRigers having a diameter that is

smaller than approximately 1.8". The set fop box 1080 may be connected o
memory 1094 such as RAM, ROM, low iatency nonvolatile memory such as flash
memory and/or other suitabie electronic data storage. The set top box 1080 aiso
may support connections with a WLAN via a WLAN network interface 1096.

[0133] Referring now to FIG. 31G, the present invention can be
implemenied in a media player 1100. The present invention may implement any
integrated circuit such as either or both signal processing and/or controi circuits,
which are generally iderntified in FIG. 31G at 1104, a WLAN interface and/or mass
data storage of the media player 1100. in some impiementations, 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 empioy a
graphical user interface (GU!) that typically employs menus, drop down menus, icons

and/or a point-and-ciick interface via the dispiay 1107 and/or user input 1108. The
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audio/video signals suitabie 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

top box function. [0132] The set top box 1080 may communicate with
megigseiavan StofdEthedodvaestere seritndntauiohfasieimansespFaier and/or

mass data,storarlﬁe 1090 may include optical and/or magnetic storage
AugeyRIEE b B an P RS IRICERRAESHBIY AineroiD\EXSUAS |848¢ oprd/or other

- HDD have the configuration shown in FIG. 31A and/or at least one
STETE A2y HRh e o g RSB 1ACF 1215 RIONHRS 1B, Rase soding
ini HDD that includes one or more platters having a diameter that is )

B L B 8 LA A B, 60 REPBE EdiieRsqnedis
mégem%pl % 1094 such as RAM, ROM, low latency nonvolatile memory
" such as flash memory and/or other suitable electronic data storage. The

set igR ox 108RAle 4Ry IMPPOHEIRASEIaNS WITh A WihAN via W14

netvt\%t?k ‘igl):erface 1096. [g}:@éé]pReferringggio%)v(?!['gor%\\'i\i{éyp.&1 gelgli,tt g‘ia-’c‘rsesdgir% s%grage
1 EReNstgRbeampIsmantey Kbimpledia playriid 190/ BeiES Bntent in =

invention may implement any integrated circuit such as either or both
nosignaiiiprecansing andiemeoripbeieionyhifl ashasassally dderified iRciuge
- FIG, 31G at 1104, a WLAN interface and/or mass data storage of the
flemdiia prayeorifiGt wio i@ Briptemae atativrs, shramediamuaset18io and/or

_includes a display 1107 and/or a user input 1108 such as a keypad,

videpdapaaisandrgeniaes. fiatsosterage emae tatinieso thieananiioplayainktioGtorage

may employ a
devices for exampie 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 snown in FIG. 31B. The HDD may be a mini HDD that includes one or
more platters having a diameter that is smalier than approximately 1.8". The media
piayer 1100 may be connected to memory 1114 such as RAM, ROM, low latency
nonvolatie memory such as flash memory and/or other suitable eiectronic data
storage. The media player 1100 also may support connections with a WLAN via a
WLAN network interface 1116. Still other impiementations in addition to those
described above are contemptated.

[6135] Referring now to FiGs. 32A-32D, an integrated circuit package Is
shown that incorporates an anneaied giass paste or epoxy as a layer and/or “islands”
adjacent to one or more selected features of a silicon wafer. One or more “slands” of

the anneaied giass paste or epoxy layer can be made on poriions of one or both
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graphical user interface (GUI) that typically employs menus, drop gown

menus, icons 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 lack. 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
sidegreiryipsicHicparisiier calcuidtioR8 Aomamatidatatandieg peeomrariymatiege 1200
. _media player function. [0134] The media player 1100 may communicate
Inclyfies mAdcemEies redfs - 1 fToanRE skciagataiieHaystcompersinrsd 1208its/are

and/or video content in a nonvolatile manner. In some implementations,

formie (UinftesSUECRUE Rles 7Rude™ ifBadRE dReEsiRplinRtvRAuIg used to
enCARR A A BR L EI e B AAtir e PSS Gisigcsis faver
le h disk dri HDD and/or. DVD tl t HDD
T2 R o SR R iy v
120 ay&ﬂge gqggsawampm%wnap Fh'ﬁG -s%%énT§§f5DB§ﬂa¥rBf% amn HDD o
at inclu I ha

I ﬂaﬁ‘}ﬂ
es one or more platters having a diameter IS smallér than

die@e{?{@ﬁ%@éﬁlé&sﬁ&hﬁ?&%ﬂﬁi&'@é@Bf'Lﬂw%Orﬁ?ﬂM EriQIUIRE syl memory

1114 such as RAM, ROM, low latency nonvolatile’memory such as flash

meypenspnd/anetBRESY ilablie-eleeiionis,dMa Lo Aee iSRG BIYE or as

1100 also may support connections with a WLAN via a WLAN network
desatiedacendid 6. il otheslsapigseentatensmiepddiiordsihosaddaseriedhaste

above are contemplated. [01351 Referring now to FIGs. 32A-32D, an
havinggratéatichiyuitvpackegding temperature. The low annealing temperature may
be lower than a temperature that would damage the silicon wafer 1204. The giass
paste layer 1206 may include glass frit paste. The glass paste tayer may be appiied
in any suitable manner. The glass paste layer may be applied using a screen printing
approach, a dipping approach, a masking approach, andfor using any other suitabie
approach.

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

dipping the silicon wafer 1204 into a container such as a dish that contains the



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 class paste or epoxy layer

can be made on portions of one or both 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
condetsiicorateater 1204 .camdalding material RS AR HSEAd0reduce slectro-

encapsulate all or part of the silicon wafer 1204. The annealed glass paste
magggée NEBEsoT fdnresttreahimgesn stress over time. The annealed

glass paste layer 1206 tends to isolate all or part of the silicon wafer 1204

fromb%@iatioﬁg it te Rélechic riegeatrss sirchinspdistegtricieds ofitheles the

molding material 12208. [0136] The silicon wafer 1204 may include a
ann§@iﬁ%§?§i§c’?@§t§‘s@b{§fo} Q¥BiGTbisceaptos. [TIreigatashrattifas optstesiiicon

_layer 1206 include a glass paste having a relatively low annealing
Wa“?ér?%% at&'r‘g.g %1«33%3\7 BRHBIGHE R dtracRee BeI6weritsas &ne annealed

temperature that would damage the silicon wafer 1204. The class paste
s B B R P el TGS HaMe IEyPTmy e The

ied | y suitable manner. The glass paste layer may be applied )
oo L B A, B o
toudRERELABHLAHINO SNAIRSHIaRle approach. (01371 In FIG. 328,

an alternate integrated circuit package 1210 includes a conductive

mafm@éjaye%f%%é%%éhqf}iéép%lﬁ-%géhezg]zgﬁ%gea SIR:QL8RAY circuit

layer 1204. The ¢ ctive material layer 1212 may include aﬂ%eygé?o

packagesiciiee spaxy. Fhe onebictivenmalgratlayasd2h24naye ?:%Blisgea% 240

a liquid and cured. The conductive material layer 1212 may include
lncimmﬂmimermmﬁy paid.pBsee 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 includes the annealed giass
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 aliemnate
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.



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 52 conductive material The conductive material layer

1212 tends to reduce electro- magnetic interference from external

devices. [0138] in FIG. 320, an integrated circuit package 1220 includes

the ale I hich is applied to selected portions
of t%@%ﬁcon%ﬁ?ﬁggzsdl%yl%’&%§%ng ?ﬁt%é?g%réddgiﬁguri %Lé%%( i%@a in

strdB6lbgas;the annealed glass: R@%ﬁr@a‘i’s&?é}'aggrﬁ@%}%gaﬁgpigﬁgtgéean or part of

conductive material 1212. The conductive materia may cover the

theagiinenlachgiasmopasiaiiapyns 12 @6l derchisgaraotirHching dhe.siliagns o
wafer 1204. [0139] Referring now to FIGs. 33A-33D, alternate integrated

thechrmiitinpackages! ard sisovan bk | Ga3@Aian alieraatedatear WA CiEsimpting 1o
package 1240 includes the annealed glass paste layer 1206 and the
calioaigussive inatesraklsy s 12E2ibatichare located adjacent to circuit
components 1242 of the silicon wafer 1204. In FIG. 33B, an alternate
inteltel cirdt@praickagow230 ifdadesthe-addbecaktylass ipasietayercircuit
1206 and conductive material layer 1212, which are located adjacent to
PECRGRT AR GNPYSDIBRRCHIfEHNIRAE A 0B8 S0 24T AndRIGRBSY, mortions and &
. _alternate integrated circuit package 1260 includes the annealed glass
9‘8539{55%? 56 ‘BAL TBAGREGE ARG RITINDAisHice Watkitedn FIGs.

s Adjacent.to an inductor 1262 of the silicon ywafer 1204. The inductor 1262
o I AL SR S P B GRS, Hrer 1304

Anﬁ%@%%é?&%%géﬂﬂ%@% B@g lg%g %oln%é% Iggl%dees?ﬂ}ggn%anfg?lﬁegogl%sg spaced
apart relationship. The AGP portions 1308 may be formed as described above. A
molding material 1308 may be used. Post-processing of the AGP portions 1308 may
be perfarmed such as poiishing or other steps to provide a planar outer surface,

[0143] A giass 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 1o the AGP portions 1308, AGP
portions 1308 and the giass or silicon iaver 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 possibie dielectric ioss.  In
confrast, when crystal oscmatorsk are used, the air is needed fo allow the crystal to
resonate — in other words, the air is used to aliow mechanical osciliation.

[0144] in FiGs. 34C-34D, integrated circuit packages 1340 and 1360

include a silicon wafer 1304. Epoxy portions 1342 are formed on the siiicon wafer



conductive material layer 1212, which are located adjacent to oscillator
circuit 1272 with an inductor 1274. 53 [0,411 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
. »Jnolding material. This can be particularly advantageous when attempting
345 'BafibrARCESIRG EEBEFIRNRNAs deBEribeo abov@oiel 424 Reteyring foed as
de to FIGS. 34A-34D, alternate integrated c‘ircuit packages are shown that
fhchide AMnealed SRR PHESEEh dot ¥ Spporisfivand 30§ assy opsilienivrmed
su,l yer th ltsﬁlregtgrar}ijaircg:ﬁ;{)pﬂ@tbove Portions of a silicon wafer. In FRGS. ~
BAR 346 inteyrated S5 aRKBREOR3B (P R SYtiritiassa Ailawe or siicon

iaviyaier 1304 aled glass paste portions 1306 are formed on the silicon )
Wafer 13 4%1%%%5‘&%&%’& ?efa{l?{ HENF S he REPHSEPROXE0BMagS 1342.

E for S A, molding material 1308 may be used,
et oo ine KR BB AR 56 o b e o son
layRolishingofRthelste oyige.a planar outer syrface, [0143] A glass
ayor silicon Iayer%%sé i%gs;gsg%r\g(%zbovﬂéetﬁg éliﬁggnyéva?e?n?&%ﬁ e 310 form

an AGFapOTHoNS 306 Jrnuenarpthes adhesive-hinding material, may.be . . ..., .
used to attach the glass or silicon layer 1310 to%ﬁ@&aﬁ%ﬁfgﬁ‘s%m Poce in
FIGAGAD portions 1306 and the glass or silicon layer 1310 form an air cap

1324 above an oscillator ,320 in FIG. 34A and/or any other circuit 1322 in
FIGI0348] TheRaifgapg 1324vprevidas: the maaterial (aifdaying H{%&%Y&ﬁt circuit
Sed, the

possible dielectric loss, in contrast, when crvstai oscillators are use

Pagkpashesdstiawaltbat theludystagitess or siiicon portion that creates an air gap. In
FIG. 35A, an integrated circuit package the 1380 inciudes a “C"-shaped giass or
siiicon portion 1382 that defines an air gap 1384. The “C" —shaped giass or silicon
portion 1382 may inciude multiple sections that are joined together. The air gap
1384 1s located above an osciliator 1320, in FIG. 35B, an integrated circuit package
1390 inciudes a “C"-shaped glass or silicon layer 1382 that defines an air gap 1384.
The air gap 1384 is iocatéd above a circuit 1322,

[01486) Referring now fo 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 14104
and 1410B (coliectively portions 141 0}, and a giass or silicon taver 1408. The
integrated circuit structure 1400 is cut into sections along dotted cutiines 1414 to
create multiple integrated circuits, which can be packaged in & molding material (not

shown) as described above.

(@)
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resonate - in other words, the air is used to allow mechanical oscillation.
[0144] in FIGS. 34C-340, integrated circuit packages 1340 and 1360
include a silicon wafer 1304. Epoxy portions 1342 are formed on the
silicon wafer '14 1304 1n a spaced apart relationship. The epoxy portions

34217 be formEIGasaRstibellaliouafRo3umroaassndidmerMors bond
portions 1306 may be pertormed such as polishing or other steps to

pagzoMae a plathian avfténes ulace! 408lassion silicanclaverdl3 R sepppstedrom the
above the silicon wafer 1304 by the epoxy portions 1342. Epoxy or other
cuttidpesiviedisilivmn matriah ey beduse providiachdhe girs soor atiemndayendwires
1310 to the epoxy portions 1342. The portions 1306 and the laver 1310
(natcrnovan &rthebo8apakieveian. oseifar IB20dnd-H6 i Giageitsdoycuits 1450
other circuit 1322 in FIG, 34D. [0145] Referring now to FIGs. 35A-358,
is siivnaagenteginiedpirirdfakedfes sl shimaTitcattintiuctara GBS, or
silicon portion that creates an air cap. In 35A. an integrated circuit
packétédhe 13808ntNgdEey "0 - SHaped GasY Br siliconipgriea 1882ithatackage
defines an air gap 1384. The "C" -shaped glass or silicon portion 1382
1450ayAtIdEe MURIESAVEERTS Wit fegoatetitpaties:. Jihesaipaptp 288/4r epoxy
is located above an oscillator 1320. in FIG. 353, an integrated circuit
PORiYItadé YR BRIt SacT SefgRcWillag dayasiRiondageEtias atarial 1456 are
defines an air gap 1384. The air gap 1384 is located above a circuit 1322.
SNEYG) d@fe;%g%d% 1%5‘?@@?‘969@%&9 [AERNBURPRST inkKiAg FAMEgIRgs(1454 that

circuit packages described above are shown. An integrated circuit

CORFARTUYRE FRIF BN I BRBLESRE d A SRaret e SHICR AR, ¥Hh Fr beaiced along
and/or egmt(}{ Porti?2§21410A ) ‘
one or more cutiines and may include bond pads 1480 as shown.

[0149] Referring now o 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 fo one or more surfaces of
the silicon wafer 1204 and/or select areas of the silicon wafer 1204. In step 1508,
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 o 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 tayer 1204. in

step 1510, all or part of the silicon wafer 1204 is encased in a molding material 1208

56



and 1410E (collectively portions 1410), and a glass or silicon layer 1408.
The integrated circuit structure 1400 is out into sections along dotted
outlines 1414 to create multiple integrated circuits, which can be
packaged in a molding material (not shown] as described above. [0147]
In FIG, 36B, the silicon water 1404 may include one or more bond pads
1420. Cutting of the layer 1408 at 1414-1 and 1414-2 may be offset from
Sth‘e cuttirhl% E)Lthe ,gilicon \évnafe{ at 1414-3 to provide clearance for _
Utaching Bofrawiieg (R SHBRNY ESTHRHoRE 54ds AR IR 1BRS. SBDignaciding
Q 'gll% éint(?g%%tee‘d citipdjits 1450 is shown after being separated from the
iais. SRyeYAbp e

f 4
nfﬁ%egra ed circtit Structire 12 O(S‘.%MB] Referring now to FIGs. 37A-37B,

i d circujt package 1450 includes a sili fer with d
el Hiase Dok Al Sp el ROH GRACH A4S e HUCH chaEame! o

ryitha lay Bﬂ'fecro\rﬂ% ive material 1456 are_shawn. In FIG. 374, the . .
A|§%rtions &10 are ?g#e(? into %H%ﬁg?ﬁaet? 1488 t%}g’*f 2OREAIRS Higse paste can be
ré:ﬂggggtg)\gﬁe rial 1456. The silicon wafer 1408 may be diced along one

or more outlines 1462 and. may include bond pads 1460 as shown. [0149]

Refergingnow t@ FHGnd8r sferspbaimainod 1500 WJR%?&W&R% tpgen _described.

integrated circuit packaging of FIGS. 32A-33D are shown. Control begins
NB\&ieReiBO2i wister W%@%@%ﬂ@%&ﬁ@ﬁ%ﬁi@ﬂ@'%%%@%ﬂe without

more surfaces of the silicon wafer 1204 and/or select areas of the silicon

depdenri?fdm thetepitibehc tir alasstRasivdaYien1204s-&RRRAGHMembodiments
placing the silicon wafer 1204 and the glass paste layer 1204 in an oven.
afhwitem pesatoveobitaoudiowiay bgise! to a temperature that is sufficient
to cure the glass paste layer 1204. For example, a temperature of around
400 C for a predetermined period is sufficient to anneal the
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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 encasedlinOYD WIsE

a molding material 1208 56 suer as plastic, other matenais described

herein, and/or, other suitable molding materiais. in step 1520, control

ends. [01501 in each of the foregoing embodiments, the silicon water may
Béaireplaced by other waters or other substrates and the annealed glass

paste can be replaced by epoxy. [0151] A number of embodiments of the
inventidn havébéetegesedbetu i puektgpdess nipwdidzg understood that

various modifications may be mane without departing from the spirit and

scope of the iaventegrated aidinglihatbengribediments are within the

scope of the following claims. LLOYD WISE Claims: 1. An integrated

circuit package comprisargpeanatineggarsdcitbait Seisesnprisesparature of said
temperature sensor that senses a temperature of said 5 integrated circuit;
wieeratay eicdiile that stores oscillator calibrations and that selects one

of said oscillator calibrations as a function of said sensed temperature;

and an oscillator modutestingty enedateshatesfsreacossigiaddr calibrations and that

selects one of said oscillator calibrations as a function of said sensed
temperature; and
an oscillator module that generates a reference signal

having a frequency that is based on said selected one of said oscillator
calibrations; and

a glass layer;

an epoxy layer that adheres said glass layer to said integrated
circuit; and

a packaging material that encases at least part of said glass layer
and said integrated circuit, wherein said glass layer is arranged between said

packaging material and said oscillator module.

2. The integrated circuit package of Claim 1 wherein said glass layer

is located adjacent to portions of said integrated circuit that include said

oscillator module.
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10 having a frequency that is based on said selected one of said oscillator
calibrations; and a glass layer; an epoxy layer that adheres said glass

layer to said integrated circuit; and 15 a packaging material that encasesLLOYD WISk

at least part of said glass layer and said integrated circuit, wherein said
glass layer is arranged between said packaging material and said
oscillator module. 2. The integrated circuit package of Claim 1 wherein

" said glass layEhe2thie (pateddoadjaicerxdicaper tifnS lafraaid Witeesateshaireistillator

that include said oscillator module. 58 LLOYD WISE 3. The integrated
cimliteackiage ©fallaim-thivhéndinctaidaoscillatoraimodule igkiggeisgsr is located
on-chip inductor and wherein said glass layer is located adjacent to

pdjaicerst ¢ paidionegrbsaddcintegrtitetintiide thaidincl.ahépsiniduntochip4nductor.
The integrated circuit package of Claim 1 wherein said glass layer

includes a cavity that defines an air gap and wherein said cavity is

adjacent to portions of said integrated circuit that include said oscillator
moduld. 5. TheNgtedesedasreitphpratiagsf Clditailwheletnesnidaithgiass layer
layer 10 includes a cavity that defines an air gap and wherein said cavity
RdieceAt BVt theisefisgel anajragen ercLivtiereinchale eavitylistadjotent to
said oscillator module.

portions of said integrated circuit that include said oscillator module.

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

module.
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59 LLOYD WISE 6. An integrated circuit package comprising: an

integrated circuit that comprises: a temperature sensor that senses a
temperature of said integrated circuit; a memory module that stores data LLOYD WISE
relating to oscillator calibrations and that selects one of said oscillator
calibrations as a function of said sensed temperature; and an oscillator
module that generates a reference signal having a frequency that is

based on said selected one of said oscillator calibrations; and a

packaging matenbthateencieass fidrage Rarhpfismig: integrated circuit and
has a low dielectric loss. 7. The integrated circuit package of Claim 6

wherein saidgseicitagiatpdwitaribthatkatesrakleast one material selected

from a group consisting of polychlorotrifluoroethylene, fluorinated

ethylene propylene&dgoIpeieiurpestinswatkakysemsba copelyperaiie of said
ethylene and tetrafluoroethylene. 8. The integrated circuit package of
IpierR e FiERHih said packaging material includes a low dielectric loss

plastic. 60 LLOYD WISE 9. An integrated circuit package comprising:
a memory modudle that stores data relating to oscillator

calibrations and that selects one of said oscillator calibrations as a function of
said sensed temperature; and
an oscillator module that generates a reference signal
having a frequency that is based on said selected one of said oscillator
calibrations; and
a packaging material that encases at least part of said integrated
circuit and has a low dielectric loss.
7. The integrated circuit package of Claim 6 wherein said packaging
material includes at least one material selected from a group consisting of
polychlorotriflucroethylene,  fluorinated ethylene  propylene  copolymer,

perfluoroalkoxy, and a copolymer of ethylene and tetraﬂuoroeihylene.

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

material includes a low dielectric loss plastic.
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an integrated circuit that comprises an oscillator module that generates a

reference signal having a frequency that is based on one of a plurality of

oscillator calibration settings; and a packaging material that encases at LLOYD WISE
least part of said integrated circuit and has a low dielectric loss. 10. The ’
integrated circuit package of Claim 9 wherein said integrated circuit

further comprises a temperature sensor that senses a temperature of said

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

compigsing aAmietegratadieitiaickagessaigsAdiator calibration

settings. 12. The integrated circuit package of Claim 9 wherein said

packaging raateriégnatedesiatitastaineonagiasied setectedilieast angsauR that
consisting of polychlorotrifluoroethylene, fluorinated ethylene propylene

qRiRieRere priersDRsalRioRR! diryviagopdianeendietinieie hased on one of a
tetrafluoroethylene. 13. The inﬁt%%rated circuit package of Claim 9 wherein

Ridfatw ek Q5ritatertelikmtiensrEngf\@rflelectric loss plastic. 61

a packaging material that encases at least part of said integrated

circuit and has a low dielectric loss.

10.  The integrated circuit package of Ciaim 9 wherein said integrated
circuit further comprises a temperature sensor that senses a temperature of said

integrated circuit.

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

memory module that stores said oscillator calibration settings.

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

perfluoroalkoxy, and a copolymer of ethylene and tetrafluoroethylene.

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

material includes a low dielectric loss plastic.
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