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TECHNICAL FIELD
[0002] This invention relates to integrated circuits, and more particularly to

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

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

increases, the size decreases, and the cost and fragility may rapidly increase. As
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*c0000z* the size of electronic devices continues to
decrease, the use of crystal oscillators becones nore
probl ematic due to the size, fragility, and cost
[imtations. [0004] Sem conductor oscillators have
been a poor alternative to crystal oscillators and
are generally unsuitable for use as a precision
freque nce due,.to excessive variation in
th%ga St Brl5h EL ey CoBunies It fptiaase. Hheaige<dh evstal oscilators
nper at ure. SUMVARY OF THE | NVENTI ON [ 0005] An
epﬂ&n@g meerePreblematic uerio thesizedragiitprand-eost lindtations:
and an anneal ed gl ass paste (AGP) layer that is
ar rj80041 adpemimonductor tusciliatoraf lkave b66AG poor @lteerative to crystal
features, a nolding materi al encapsul ates at | east
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is arranged on at | east one si waf er
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te"{"ﬁg'%x ive material that is arranged on a portion of
"layer. [0007] In other features, the IC wafer
conprises a circuit conmponent arranged in the IC
waf er. The AGP layer is arranged between the circuit
conponent and the nolding material. The circuit

conponent conpri sS$MMARMOF THE INVENTIONCi | | at or and
an inductor. The inductor conprises a spiral inductor.

The[0805Hi ngAn rintegrated eirouitpd Q) Pazkage poripisesOh 10 vafér and an
waf er. The AGP | ayer conprises a glass frit. The AGP

A
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the IC wafer and the AGP layer. The AGP layer is arranged on at least one side of
the IC wafer. The AGP layer is arranged on a plurality of disjoint areas on at least
one side of the IC wafer. A layer of a conductive material that is arranged on a
portion of the AGP layer. |
[0007] In other features, the IC wafer comprises a circuit componént
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.



conductive epoxy and a conductive epoxy paint. The

| ayer of the conductive material is arranged on the

AGP | ayer by dipping the I C package i-n a contai ner

contai ning the conductive material. [00091 An

integrated circuit conprises a tenperature sensor that

senses tenperature of the integrated circuit. A
nemflswﬁoduﬁ'é olher eTr?a&HF-ﬁv the andyctive rpaterial mogprises one of a
calibrations and sel ects one of the oscillator
condudtivat epexy @andaaf cerdudlive oepoxyh@airdns ddvet tayeeroft thee conductive
An oscillator nodul e generates a reference signa
maternial gs aarrdnigeguencthe AGEh kever Imclippirigothe MO dbdokage in a container
i ncludes a feedback | oop having a feedback | oop

cOHTaHIR) fle BHUWREVE Mategaly adj usts the feedback | oop
paranet er based on the selected one of the oscillator
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coppri ses a.phase frequency detector, nodul e that )
osciiatan eallbraytns end; seleeis ara af die seiliter salrekiars as a function of
receives the reference frequency. A charge punp
theosernseddempenature. eAnvascilataranpdide @enkratgs ameferdrte signal having a-
nodul e. A voltage controlled oscillator nodul e

frequenoy. caphase Yodkedtibep eivaiulke ineludesrepféédbask tbop having a feedback
generates an output frequency. A scaling nodul e
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and the phase frequency et ector
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wherein Nis an integer greater than zero. The phase
factor. The fractional phase Iocged loop comprises a phase frequency detector
module that communicates with the oscillator module and that receives the
reference frequency. A charge pump module communicates with the phase
frequency detector module. A voltage controlled oscillator module communicates
with the charge pump module and generates an outpuf frequency. A scaling module
communicates with the voltage controlled oscillator module and the phase frequency
detector module, selectively adjusts the output frequency based on first and second

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

the selected one of the oscillator calibrations.



| ocked | oop nodul e conprises a Sigma Delta fractiona
phase | ocked | oop nodul e and the feedback | oop

par anmet er i ncludes nodul ati on of a scaling divisor.
The Sigma Delta fractional phase | ocked | oop nodul e
conprises a phase frequency detector nodul e that
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communi cates W th the charge E;Jurrp nmodul e and t hat

logked leqr: agvle sPRRIISEs @Tiamey Deitastractiongl phesellecked loop module
communi cates with the voltage controlled oscillator

amd dbe deadbackh éoqrh paramétee queludes droduiation fcailseakimyl divisor. The
sel ectively divides the output frequency by first and

Sigeee Db|Er flactigndl astiayes looked 196P FARGUR E‘,‘Bﬁ‘iﬂr@éé’ra r?hﬂ?g frequency

adj usts nodul ati on of the scaling nodule betwee
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integrated circuit conprises tenperature sensi ng neans
froghenty; ﬁ& RIEAPr MPeriBer At Yr!@0Sr contiolied: aspillatar madulelicommunicates
Menory neans for storing data relating to oscillator
Wéfaﬂh%marqmummmqﬂules enddhahgenerates antautpstcirequensy. A scaling
calibrations as a function of the sensed tenperature.
madulel tammupicates withether edltageacontfaliednostillstolgn@dulighd dhe phase
a frequency based on the oscillator calibrations.
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sel ected One of t I ons

i) B85 5 o S PL tRET  stctd one o

thfeeoes%kﬁ%for ca‘?:%?at%%anﬁ% elt' rst an ge%toln(d) s%fahr?g ?gcatlclnl'sngre divisors equal to
N and N +1, where N is an integer greater than zero.

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

calibrations.



factor. The fractional phase |ocked | oop conprises
phase frequency detector neans, that conmuni cates
with the oscillating nmeans, for receiving the

reference frequency. Charge punp neans generates
vol tage and communi cates with the phase frequency

tal00 Bl CHgs TREFES e (PAge [RAkgHn i means comprises a

gener ates an output frequency Scal i ng neans t hat
fractipnahplaselocked loamand dne é@%dlzagktle@m |p@aametqr| is & r@tio of a scaling

nmeans and the phase frequency detector neans,
faster.ec fTihee fractiofial splsaseh dockedo lvop raomprises phaeel frequency detector
first and second scaling factors and adjusts a ratio

meand,hgat icorimaridateecwitiil the Ddoilatin anbans, forsedelnih ﬂﬁ reference
sel ected one of the oscillator calibrations. [0014] In
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fractlonal hase | ocked | oop conprises phase frequency
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nmeans, for receiving the reference frequency. Charge

the pinasedratpieney detacter means | sejectivety adjusistheadigputfréduency based
the phase frequency detector neans. Voltage
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feedback loop parameter includes modulation of a scaling divisor. The Sigma Delta

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

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



and N +1, where N is an integer greater than zero.
[0015] A nethod for operating an integrated circuit
conprises sensing a tenperature of the integrated
circuit; storing data relating to oscillator
calibrations; selecting one of the oscillator
calibratigns as, a function of the sensed tenperature;
bejwgep Pngf% and seerre ssaling. fapters hgsads erdbenssiestadcene of the
on the oscillator calibrations; and selectively
osgillaten caltprationse ditwc first and  secantesealingf fastqraaare divisarsdequal to N
| oop based on the selected one of the oscillator
archNit, atheve N is] 0 ifiggémgreateethdreadrer es, the phase
| ocked | oop conprises a fractional phase |ocked |oop
andFGd‘ﬂi]f eedDRfthd P a6k BIERNRG Un integratéd it cBmprises sensing a

scaling factor. The phase |0cked ['0op conprises

to R of tho IRERIRER RO FionBG Fila Bng Y piclfetor calirations
sl o oL 16 hsclalor Saieiatols B84 ictoprathe enaed emperature;

tenperature sensor that senses a tenperature of the )
ganeralificht ad referenge: signalmfiaving rdbdiiequencyr dasedt on the oscillator
relating to oscillator calibrations and that selects

calibeationss; ahd selaxtivelyt adjustirly & feedback leep patrametsraf aDphase locked
the sensed tenperature. An oscillator nodule

loge based on the isefctted 6Re DF tHEpbsdifitbrChlibrafighguency t hat
is based on the selected one of the oscill ator

cal !ﬂU‘FG]' ONfh ofh@fSRGIR) thE ! SHdsR! Icﬁggaglﬁﬁg\?véorjnﬁﬁsc‘és a fractional

part of "'the integrated circuit and
gl ' . e S, 1L .
Pk, BEkEd fod P 3hd 18 Tedtioad Rich°barehh B 2 (ol ot 4 scaling factor.
e ed frama group.consistin .
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gro | ene copol ymer, perfluoroal koxy, and a copol ymer
thg feedbankdaep Rarmeter ingludas medulation of amseling diviaarng
material includes a low dielectric loss plastic.
[ 000170 | Ancigtegratedceireuil pakegeagemprises ianeintegrated circuit that
integrated circuit that
comprises a temperature sensor that senses a temperature of the integrated circuit.
A memory module stores data relating to oscillator calibrations and that selects one
of the oscillator calibrations as a function of the sensed temperature. An oscillator
module generates a reference signal having a frequency that is based on the
selected one of the oscillator calibrations. A packaging material encases at least
part of the integrated circuit and has a low dielectric loss.

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

material selected from a group consisting of polychlorotrifluoroethylene, fluorinated



conprises an oscillator nodul e that generates a
reference signal having a frequency that is based on
one of a plurality of oscillator calibration settings.
A packaging material encases at |east part of the
integrated circuit and has a |low dielectric |oss.

ethBrR aroRyRhR e AThSL Gherthdfba G2 Br S oot o efhylene and
tehBrRetbine: ThecbasEameterialinadas low diiedie ossiptastic

packagi ng material includes at |east one materi al
sel (Q18] f r Om intepratad ciseuit packagetomprises an integrated circuit that
pol ychl orotrifluoroethyl ene, fluorinated ethylene

camuriseseareosciltatoy modulethdt igenerstbs axefergnde 8ighaPR&VIAG a frequency
of ethylene and tetrafl uoroethyl ene. The packagi ng

thabiscbhsed ionch o i i .
FESoAS OIChHIST @ MU, o Bscluer cLARIBh Sign A packading

[ ? ' iyeuj b .
mERTEPORCA BRI IS8 pell GhE Midgfifley TS BhBoS B ditectric toss.
mat el t hat _,has Low digelectric | qQss; sensing a .
ten‘gieq@h urerbetF’ﬁE ﬁ%@&?at@& ditegrated g Girew furthér comprises a
operation, storing data relating to oscillator
teﬁgaeifﬁl—'éﬂ pepsor that geewfgadﬁ@nﬁraﬁdr@ of $aeintearaged circuit. A memory
calibrations as a function of the sensed tenperature;
meddefteres dhe ogcilataratalibeation sattings. The ipagkagihg enaterialincludes at
that is based on the selected one of the oscillator

least| ol aaterial. s¢l@6fed] from atdreupf emisisting of pelyBRIGkaEfiiroethylene,
materi al includes at | east one naterial selected from

fludridafedP eﬂﬁ}l@ﬂétﬂrBEyl@ﬁep@bﬂ&gh%?,ogbmddﬂﬁélgg&yéﬁ@ea copolymer of

fluorinated 7 ethylene propyl ene copo
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0 el ectric loss plastic. [0023] A nethod for
Io%ﬁ%g{&‘gng an integrated circuit package conprises

B{ 8@&:1? 3 2& rlégt:eir?c?c{ gérggrééqqlﬁalr%m iig'qeqalg(react'éicinc%rc%?tepgcf:ka%e comprises
providing an integrated circuit; encasing the integrated circuit in a packaging material
that has a low dielectric loss; sensing a temperature of the integrated circuit during
operation; storing data relating to oscillator calibrations; selecting one of the
oscillator calibrations as a function of the sensed temperature; and generating a
reference signal having a frequency that is based on the selected one of the
oscillator calibrations.

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

material selected from a group consisting of polychiorotrifluoroethylene, fluorinated



settings; generating a reference signal having a
frequency that is based on the one of the plurality
of oscillator calibration settings; and encasing the
integrated circuit in a packaging material that has a
| ow dielectric loss. [0024] In other features, the
nmet hod conprises sensing a tenperature of the
integrated circuit; and selecting the one of the
ethylene giropylené cnpolyrhert, grerfiedroblkaiy,0and seicbpolymerasfedthylene and
t he sensed tenperature. The packagi ng materi al

tetrafidroéihylede. | BRS packiitfindRiafeia) ind@d&Ch folv HictRtAc BsYRastic.

consi sting of polychlforotrifluoroethylene,
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pe r oal koxy, copofymer 0O ene

t.etrafl uoroet.hyl ene.. Th ackagi ng material .includes a. .
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circuit package conprises an integrated circuit that

settiiga; Opaetating A Eeiarance SIanal NRyINganEsqusnCy dhvli is hased on the one

tenperature of the integrated circuit. Storing neans

of the gﬁ-@alitmf @scillatoricaljbration seittingst and exicabingttheristegrated circuit in
for selecting one of the oscillator calibrations as a

a packagingomaterid teathaseeidw dieteetri loss. Oscillating neans
generates a reference signal having a frequency that

iCS{d_Milfd oif tther fefLRE ek Anahel éoh?pr%%%i%ér%hﬁ a temperature of

al i brations. Packagi ng neans encases at |east” part
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the iltBorbEBR afd seltctind e, 6 BF b pRARAY T dilfer calibration
nel .l east e nmateri sel ected frqm.a .gr,0

st HH3E0, Yt Bispf b mpBratife. e Brriading matprid feidBeat least
8 et hyl ene propylene copol ymer, perfluoroal koxy, and a

one; fateliak s Ctﬁg hifPBhea o9rPUP: €oPsisting r okt palyehierotrifiuproethylene,
packagi ng means includes a |ow dielectric |oss

fluoginatedi ethyleye propylene t ecapalymeer, cperfluptogikaxyaggnd a copolymer of
conprises an integrated circuit that conprises

ethylame lahdttetrgflueraethylene. gFhermidkaging materia iccludé aalbw dielectric
havi ng a frequency

loss plastic.

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

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

material selected from a group consisting of polychlorotrifluoroethylene, fluorinated



that is based on one of a plurality of oscillator
cali brations settings and packaging neans for
encasing at |east part of the integrated circuit and
having a low dielectric loss. [0028] In other
features, the integrated circuit further conprises
tenperature sensing neans for sensing a tenperature of
the integrated circuit. Storing neans stores
ethylene mram%ene adpohanen rpetfiyeroalkozy,pand sicopolyswersof ethylene and
includes at |east one material selected froma group
tetraffussosthyleneo f Theopackdgingindahk Wtdlgdés a Iew dielectric loss plastic.
fluorinated ethyl ene propyl ene copol ymer,

ge{o‘dzvrr 03AK Gitegrated th‘h‘ﬂpﬁ’%%ggb &Srngﬁé&y Eﬁriﬁbéyggteg circuit that

etrafl uoroet hylTene. e pa I ng ans 1 nc
' Ny g 0 An int t.ed
comgtiel, dEciibimeais Jof uEibiafine 7 2Pt SEPBCNAVRA frequency
A ' t tur, t hat . . .
e el o O § A 5 B3l S S stinamang packeoing
nmodul e that stores oscillator calibrations and that
means 0 encapipgAt leawt partef thedintagratad ejrcuit andshaving a low dielectric
function of the sensed tenperature. An oscillator

lossaodul e generates a reference signal having a
frequency that is based on the selected one of the

OS[Q'OIZBFt orincadther afeatfes, Ath&Pitegra¥8" crdlR' 9artRer comprises
glass layer to the integrated circuit. A packaging

temPﬁ#eeMﬂeabeﬁQﬁ?Sﬁ\%aﬁE I’o?f&_%tnsﬁ%gsﬁmétﬂ%g %?%H@Yﬁ%g@igd circuit.

integrated circul eat ur
: S er .l between—adj acent. to .
Stof P b bR s b A BT LT T %Rl epg nciudes a
scillator nodul.e. -The oscillator, .nodyle includ an
cach e, S TRV 8, 0, s S5 T cSethyione,
| ocated adjacent to portions of the integrated
fluoginated; ethylene inRepylere Jrrrehmer, Rrriveioalkaxy, @ngs@ icapelymer of
includes a cavity that defines an air gap and wherein
ethylene anditejraflaoragthydensa. (Theppackaging means includes a low dielectric
loss plastic.

[00298]  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.



of the integrated circuit that include the oscillator
nmodul e. The gl ass layer includes a cavity that
defines an air gap and wherein the cavity is adjacent
to potions of the integrated circuit that include an
i nductor of the oscillator nodule. [0031] An
integrated circuit package conprises an integrated
circuit that conprises tenperature sensing neans for

seo030] a teramsridHteredl thd Qldgat %géﬁ‘i@‘#?c_a%a Odét&eéndaddjacent to

storinlg means for storing oscillafor calibrations an
porfiShe T (RE nTe@r288 Slouf ?éhp“?%;#éu fie 5&@?#40?2@%@3-3 h@ﬁ%%sci"ator
moBERSEERE8 Br! 1818 bR A PRV o8 s Ser el st

cal. brations. Means attaches a glass |ayer to the
to Foftians & $he dnteginted Gerulhan incitieanhidnsiucier. | Shetalass layer
. part of the glass |ayer and the integrated circuit.
inciudes @ cavity dhdldefinestan ajs gap lsad gvhersinl theeavity id adjatent to potions
adj acent to portions of the integrated circuit that

of the integeatedh eircuit thalt inidlude thesostillafdremodglel | FHd GiassRARS includes a
i ncl udes an on-chip inductor and wherein the gl ass

cavita)that defimey ahedlr t@dPWthFéin RRé tda@ﬁf ié’fad@l}%pg to potions of the

i ntegrated circui hat include on-chip in

inteh S8 et et RO ER ARl kg LURBL ORINE" O P
b0t B ofeinet Bl Hadaechmpntas an doledriedzpcut that

ai rsteggtp and wherein the cavity is_ adjacent to potions
compriseglemparalre sensien manns farasensing ademperatarei of the bttegrated

. the oscillating means. [0033] A nethod for providing
circyit ane; slgring dneans éari storiag losglaton ralibrations sawsfangedecting one of
tenperature of an integrated circuit; storing
the cesgilater calibrations s anfunctior!| efcttiengensed dbmipesature.  Oscillating
oscillator calibrations as a function of the sense
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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 giass layer is located adjacent to
portions of the integrated circuit that include on-chip inductor. The glass layer

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

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

10



of the oscillator calibrations; and attaching a gl ass
| ayer to the integrated circuit; and encasing at
| east part of the glass layer and the integrated
circuit in a packaging material. [0034] In other
features, the nethod includes |ocating the glass |ayer

[ : rtiops of the integrated circyit that
a BAVRTHB obingCEh 7B a8 anddineren b By I3 aiprentdawpations of the
. i ncludes an on-chip inductor and further conprising
'”‘38@5?3 GYCH @aqgmqg@e eRyRiuckar aithetoscillating means. of t he
integrated circuit that include on-chip inductor. The
gl alf933dyer Ai methatt for poaviding ahanteipaiedesiraur phckdtitd comprises
and further conprising locating the cavity adjacent
sensingota dempefatufe oMiapglimtbgrhted’ eirbdit:t Bﬁrinpn%l‘:‘iﬂﬁt& hEalibrations:
oscillator. The glass layer includes a cavity that '

sefifting ne2 Bf ﬂiéejr o$cifatap eaﬁﬂgﬁiégﬁés ag?é’métﬁﬁh{bg dbgfs%taisgg temperature:

the Cavity adjacent to p

i | (el an inductor of the osci]lator.
oeflsEAitE' ToRhends, SHAhEVing A 1o cluttieh e basaen dos salected one
fIC waf.er. A ﬁir t portion is arranged adjacent to the
of the Rfé‘f:'@?tp"ﬁa @@aﬂ'&ﬁirﬁﬂd{ attachirg arglass)layenty thedntegrated circuit: and
the IC wafer and is spaced fromthe first portion. The
encasieg ainlgast peridofpitet glass layemand the dhtehrasd cirogit o a packaging
anneal ed gl ass paste (AGP) and epoxy. A layer is 11
materialhged adj acent to the first and second portions and
creates an air gap between the layer, the first and

sec 4]830”I'n°6?né}”féfa‘lﬁ}‘és,' thd'ahetho gr?(ﬁl?%e L?q&%ﬁiﬂﬁrthg glass layer

features, the I'C wafer conprises a
T e D Sy M A ML

e, | ayer conprises at |east one of glass and silicon.
°s£m5@ﬁdﬁ@?ﬁ’@e‘ﬁga‘ﬁlﬁérq%mf@"wfﬂ%@fj aagj fudber comptisiag locating the
first and second portions. The silicon wafer
glass/ipyersadiagentite partionsoaftbedntegrated ciicuit gt includé oARrgee inductor.
bet ween the circuit
The glass layer includes a cavity that defines an air gap and further comprising

locating the cavity adjacent to potions of the integrated circuit that include the
oscillator. The glass layer includes a cavity that defines an air gap and further
comprising locating the cavity adjacent to potions of the integrated circuit that
include an inductor of the oscillator.

[0035] An integrated circuit (IC) package comprises an IC wafer. A first
portion is arranged adjacent to the IC wafer. A second portion is arranged adjacent
‘to the IC wafer and is spaced from the first portion. The first and second portions

comprise at least one of annealed glass paste (AGP) and epoxy. A layer is
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conmponent, the layer and the first and second
portions. The circuit conponent conprises at |east
one of an oscillator and an inductor. The inductor
conprises a spiral inductor. [0037] In other
features, the first and second portions conprise gl ass

arieged, aditert hithe 8, A BRCoRT muHEe AN offaien Ahgair gap between
th R e Tt AT sacetd Regtans and oo HaMErerve. poxy bai i

The_conductive material is applied to the first and
secli036por t inntbenigaturppi the IChwater commsisepar silicdn wafer] & molding
package in a container containing the conductive

materisk erdapsitates ayleastypart af the K wafst thel lBpér avd 'tf%sﬁrs¥ and second
than a second wdth of the silicon wafer. The I'C warer

OPHURY. | m%@l d@ﬁﬁﬁ- h e I b t pat .-

P is | eszﬁ?han a secohsg-gvmstdtl%ﬁgf&ﬁgﬁs(ﬁ? éléc ﬁﬁmﬁpg‘ﬁ#ar@ conductive
: r IS n s, that are located in an_,

el arraE] R4tk AR08 TSt pBH soEo0d s ROt e Sieon water

rovi di ng_.an.int e%rqat ed circuit (1C) package,

co PP sBsCIriiil GPAIPRGeRh | Eh@afisr gapiris apiganged bidtween the circuit

portion adjacent to the I1C wafer; arranging a second

copanesh the) kyenandothentirst @ndhfsecomrc postiorrse d Theogiréie component
first portion, wherein the first and second portions

comprises st leastl aresof anosefilatomand e iﬂh@@t_ér.pqweein(iﬁ%} comprises a
12 and epoxy; and arranging a |layer adjacent to the

spfrariptudtofl second portions, wherein the |ayer creates
an air gap between the | ayer, the first and second

POT fipk a far. 039] In qther features, i
PodoRRTE R S8 el S 8 B iions Boree gas .
Tf t{1er I ncl udes encapsul at | ng at least part of the IC
Jr&t and secend pprtiong dreappiiedde the silicen wafepusingoone of a screen
.The Iaﬂer_ conprises at |east one of glass and silicon.
Printing, iR and tmaskingic| Jdes canductijengnateriah dootprises one of a
materi al adjacent to the first and
conductive epoxy and conductive epoxy paint. The conductive material is applied to
the first and second portions by dipping the at least part of the IC package in a
container containing the conductive material. The layer has a first width that is less
than a second width of the silicon wafer. The IC wafer comprises bond pads. The
layer has a first width that is less than a second width of the silicon wafer and further
comprising bond pads that are located in an outer region of the silicon wafer.
[0038] A method.of providing an integrated circuit (IC) package, comprises
providing an IC wafer; arranging a first portion adjacent to the IC wafer; arranging a

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

the first and second portions comprise at least one of annealed glass paste (AGP)
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second portions. The nmethod further includes arranging
the air gap between the <circuit conponent, the |ayer
and the first and second portions. The circuit
conmponent conprises at | east one of an oscillator and
an inductor. The method further includes the inductor

onprises,a spiral inductor. The first and second

a"ﬁ&% n%"%éﬂﬁﬁg@s 3 13ye adjaqent 1o, thefikst gadr saaondrportions, wherein
i ncl udes applying the first and second portions to

the layes createsanairagapubetweeorthedayar, the firsh apdisgcond portions and the
di ppi ng and nasking. The conductive nmateri al

IC svarfgn. i ses one of a conductive epoxy and conductive
epoxy paint. The layer has a first wwdth that is |ess

TR ECo et 48, 1 4 S W . T

further i ncludes provi

8 e Bl ABsCA S i AR Rhvarr and e

omrising a . circyit and a C'-shaped |ayer that is
ﬁm&?@ﬁ&&ﬁ"&&?ﬁ@é‘ﬁt he laper C%'UBE!WSa@féeaﬁfopnemaf gleseandsilicon. The
an air gap between the "C'-shaped |ayer and the
method furthest includes| arrarging .a coodudtivenmatdrial ddjatentets, the first and
nol ding material that encapsul ates at |east part of

secdrel portiombe Thanchetticsd ftﬁthéi'hmbﬁﬂebaédﬁnglﬂ'@%ecélr %Eﬁpﬁéiween the
| ayer conprises at |least 13 one of glasS and sil

cirddit dinfigdtent,C P OBPEE HiRIMAé Tﬁét aénc#ug%%nanﬁgﬂ ogg s Jhe circuit

OSC|IIator and an I nductor. or co

vidin
coﬁlﬁbﬁ @%%: ar g%%"&?f%g%sc“%g%gﬁg C&‘F&Hr nghe method
risin circuit .and arrangin
f“’ﬁ%r 'Qﬁ'éf 8 th?a@EFCtQBJ%’@émsqsoat%V%LJBQW@{e Tkgme‘rr%ﬁ and second
the "C'-shaped | ayer creates an air gap between the
portions s¢arpRiise giass Hitd The mpthedi furthier tineluds vadptying the first and
[0043] In other features, the nmethod includes
seeonch pottionsi togthet sillieas twafer using one of a screen printing, dipping and
masking. The conductive material comprises one of a conductive epoxy and
conductive epoxy paint. The layer has a first width that is less than a second width
of the silicon wafer. The method further includes providing bond pads on the IC
wafer in an outer region of the silicon wafer.

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

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

of the IC wafer and the “C’-shaped layer. The “C"-shaped layer comprises at least
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part of the I1C wafer and the "C'-shaped | ayer. The
"C'-shaped | ayer conprises at |east one of glass and
silicon. The circuit conponent conprises at |east one
of an oscillator and an inductor. The inductor
conprises a spiral inductor. [0044] Further areas of

l 04 s th r At invention will beco
o JBR i i8R adrd %E@%sgwwnﬁﬁoEFWEe@ ISast one of an
hereinafter. It should pbe understood that the
oscatdt Madan dRAYGIRE. ' Bhe Hidyctyscomprises,aapiraldndugion.
indicating the preferred enbodiment of the invention,
ar d004@lended Aometbeg ofoespreividing uan r integratesh| gircaitd(16) epackage
not intended to limt the scope of the invention.

cornpfis2d priovillinGrardiReWialeb dobiistidindlaCeirduit 8nd ditdigfing a “C"-shaped

di agram showi ng an aspect of a crystal oscillator

layémé’dﬁcght ) Qﬂé@ubcs'u@te, 2wli)§re?r% ttﬁé’"‘@"%h%p%a%g?ri greates an air gap

rela nshi p between tenperature an rre

befiihhs -Crish4bed e 2 ind ol o BRIE Wiec i on

fa 14 [0048] FIG .4 is a block diagram show ng an
as@é&alof a[ ciny sthar features.ather method dnoudes emespsiating at least
5 is a two-dinensional view of an aspect of a crystal

pagifithe 4€ ovafes randather ‘G eeapetdayern ThedQiahapep daleragsnprises at
[0050] FIG 6 is a detailed block diagram of an aspect

least one of gidsy and eilicbat ofhe cimdiﬁb@m?@ﬁéﬁﬁéérﬂﬁriéé% aleast one of an
external inpedance. [0051] FIGS. 7A and 7B are

os¢llRBF 8RE ahRUG&Sr." ?ﬁé‘fdgﬂ%ﬁﬂi ﬁ?ﬁ?ﬁe Bpifd) indiitkéy, N2l

I npedance value and a digita
[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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[0052] FIG 8 is a block diagram of an aspect of an
oscillator assenbly for generating an output having a
periodi c waveform [0053] FIG 9 is a bl ock di agram of
an aspect of a spread spectrum generator. [0054] FIG
10 is a flow diagram of an operation for enulating a

cr Oferh | r 1 is a blqgck diagram .

of Y@}ﬁ;s pegfd; 'o# %agl %If/')v&gg% aE‘Lg'?‘&'bpo% 35?3‘85%]3 ﬁD%téﬂ oscillator

1% is a block diagram of another aspect of a | ow power
emualon | ator. [0057] FIG 13 is a functional bl ock

di agram of an integrated circuit including one or

rm[&‘tﬂ]r cuFlG &isia gwa@malsiqmt vievaoban espeett of a chystal oscillator

generates a clock signal for the one or nore

emulatangonnhecfetidbxténndl imMpedanoest uncti onal bl ock di agram
of an integrated circuit including a processor and a

cr po050] osFid) 6isoa d@fﬁilbétt%ciﬂs H?gagg]fb?{gf\gﬁfgt IB#S lezlfystal oscillator

signal = for the processor.

' [ integrated circuit
em‘?'ﬁ% | nghﬁp@?@egggﬁ{aiﬂhsédga%t al oscillator
e rt genera a clock signal A for the
pm‘@or E%St ﬁg‘t af@rflﬁo?@ dingsams rshowing felatienshipg between an
setting clock speed. [0060] FIG 16 is a functional
exteingt imprdanee valug) pad @digitaloiive.i ncl udi ng one or  nore
circuits, a crystal oscillator emulator and a cl ock

di {0452] t h&iGg@isadiieck diagedm ofiamadsectof aAoseliatt ssembly for
ot her cl ock frequencies. [0061] FIG 17 is a

gerferatiig aADutRUtRNinY a PBribMLSEEEANCI rcui t including a
processor, one or nore circuits, a crystal oscillator
eMOEH" 28162 i bilick dRIgriMhf an aspect of a spread spectrum

generator.

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

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

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

[0057] FIG. 13 is a functional block diagram of an integrated circuit
including one or more circuits and a crystal oscillator emulator that generates a clock
signal for the one or more circuits.

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

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

for the processor.
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generates clock signals at other clock frequencies.
[0062] FIG 18 is a functional block of an integrated
circuit including a processor, a graphic processor,
one or nore circuits, nmenory and a crystal oscillator
enmul ator that generates clock signals. [0063] FIG 19

| APoseG SR S IECH BRBIORE BlanRoiSr.el o nfeSepted ciroui

. : 064] FIG 20 is functi onal bl ock di agram

lncﬂdfcfi%%rlp‘;p %o&%nprﬁ g@fsgqlaﬁc%@thC@mylatwaﬁhat generates a clock signal
encapsul ated in a packaging material according to the

for $he processor amxbtet empByan iexternaboarnponert fot setiing clock speed.
diagramillustrating an integrated circuit with a

t erfpEoY ur FIGONH &aFuseticHal BlVdk ST IRRIPFHEXircuit including one or
oscillator that is encapsulated in a packaging

o8 e, ek Bl B o PBBRFFE, M brkios cok
oS BB R e ghigat 1 £ 11500511 L

23 Si crgss-sectignal view of an alternate .
i nt[@@ﬁt ed%‘f@i r12u!5t apiiPeteaali hlock Afnan dntegratedi gircuit including a
sem conductor oscillator according to the present

Prace§eer 0oa;orroressiraaits, atystal asadllialer emutatesant isotletk divider that
view of an alternate integrated circuit package

generatesitlock signals-at btiversslotic fragusidiss.osci | | at or _
according to the present invention; (0069] FIG 25 is

a 100621C" OFIGS Bt {sCHMHunktiEHAl bl'ogﬁtéfa%qligtﬁb?% ed cifouit including a

i nt'egrat ed circult pac_kage 0 ( A
prol%?%éélj P érlg%g] lﬁ%ﬁ%‘gog]?orgesora rrrolrj'g %ltrcl:tﬁ{;? memSFy an& g%rrf?srgl oscillator

ust

emulator that generates clock signals.

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

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

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

present invention;

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

circuit package of FIG. 21 in further detail:

16



capacitor of an on-chip sem conductor oscillator based
upon tenperature conpensation; [0071] FIG 27 is a
functional bl ock diagramof a fractional phase | ocked
| oop (PLL) that includes a tenperature conpensation
i nput; [0072] FIG 28 is a functional block diagram of

a fyien- S e b8asth Uide crodd %tlo‘?fé'ﬁ%\k %Tp%[:rﬁ)%%jnaﬁ [ntegrated

includés a tenperature conpensation input;

: ' flow chart jllustrating st for suring .
cireglf bickde EITIRG: ab-ofShin seleShildy’ SscllRly; activias to the
fitting algorithmto generate calibration data
preg@RliBY#NtioRe sanpl e calibration points; [0074] FIG 30
is a flowchart illustrating steps for neasuring :
saf@068)g EUBi BAasi arsigeionoss-sectional vipvni afhan altertate integrated
curve fitting algorithns to generate calibration data

cirdaitt packageh inclading e af abhdehi isemisdhdlidior [ddeiiatorFh&ordihd to the
is a functional block diagramof a hard disk drive;

: FIG 31B is a functional block diagramof a
preé‘uz%tu['ﬁg%%&satne disk (DVD): [0077] FIG 3iCis a

fu iQnal 0 di agram of a hi gh def.initjop .. .

te i onE:R[l;Og%ﬁs ﬁ?ﬁangqr0§1596§0@%nwpwongp{}eilrag; the integrated
. di,agr am of vehicle control system [0079] FIG 31 E
cirgug p%cﬁﬂ%f’f %Kéu 24inofaethgr dgtedin of a cel | ul ar phone;

[0080] FIG 31 Fis a functional block diagramof a

sef00 bok|G. [28084 ] a FluBcticrialGblacka diagram distratihgctuning of a

di agram of a nmedia player; [0082] FIG 32A is a side

capdcitess - 6 Can ovalchip € wefficatiuttdrer dutilRitdm {684} €Ghon temperature
circuit package including an anneal ed gl ass paste

corﬁﬁé’r‘é%{tioﬁpoxy | ayer fornmed on at
[0071]  FIG. 27 is a functional block diagram of a fractional phase locked
loop (PLL) that includes a temperature compensation input;

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

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

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

[0075] FIG. 31A is a functional block diagram of a hard disk drive:
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| east part of a silicon wafer; [0083] FIG 32Bis a
si de cross-sectional view of an alternate integrated
circuit package including an anneal ed gl ass paste
and/ or epoxy |ayer fornmed on at |east part of a
silicon wafer and a conductive material |ayer forned

on eas ahl ol ot L e or . .

7T FIBTBIBG & HRCBSRAGE. Rant BE e Rl Shisptie aisk
(D iew of an alternate integrated circuit package

el udi ng spaced anneal ed gl ass paste | ayers fornmed on

sel ect ed ortions of a silicon wafer; [0085] FIG 32D

i s[WHilde %ﬂ@s@%clsi é@ndungtional oblogk dlageamaoé a high definition

integrated circuit package including spaced anneal ed
teleyisicrs past e and/ or epoxy layers and conductive

material |ayers forned on selected portions of a

si [0079) WafFes; 3418 i QQ&%ioﬁbﬁPltog?'ﬁiéq?aﬁ\ | dGen le control system;

ic
cross-sectional view of an a nat® 1 ntegrate

ci idy pa ORqkk ' ‘ | ed glass St )
anli8/91 oSG PE 1k 14 i dBna hARR ARl s Pelfiiighane:

adj t ot [ Lts.of .a sjlicon wafer; [0087] FIG

33 a ST 31152 nctippaLblogk diatsames a:satden bok;
integrated_ circuit package including an anneal ed

gl Wast E1Gnd1 Gris afanstiana) blockstiagramc ofal media player;

mat erial | ayer adjacent to an oscillator of a silicon
waf@082][ 0088E. BR& isIBCidescrvssistetiongisdewest a9 I?afltlerr\olleitéVihtegrated

of an alternate integrated circuit package including

ciroft pHivRage SAciObmgSard ahh6aldd Yigss EBQ?@/aﬁc%P Pﬁgﬁg[a?rer formed on at

conductive material |ayer adjacent to an

least ddrE6fa WHEER w9089 FIG 33D is a side
ronal

Cross-sec vi'few of an alternate integrated

an b1 o 11 37Br1S 4,8 o ssctou Vidwast e layate inograted
circi:ﬂ{ paq%gggetigclgginigngnu%Lg{aalieg gaigsso SpgistleI aartm?/{)r ginggyuiatye(r)ffor?ned 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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waf er; [0090] FIGs. 34A-34D are side cross-sectiona
views of alternate integrated circuit packages

i ncl udi ng anneal ed gl ass paste and/ or epoxy portions
and a glass or silicon layer that create an air gap;
[0091] FIGs. 35A-35B are side cross-sectional views of

aIt ated circuit kages. i ncl.udi ng a .
CUOBRBES  *Pa SRS 54 Gior PERIHE oot G i aaiaty jntegrated
092]. F . 36A-36C are side cross-sectional
cirdtEipsbRos nghitia 9 @aneg ednglassnastaargtian sboxy layer and a
circuit packages including anneal ed gl ass paste and/or

corgustiye materiablayenadjacentl tassircuits of bisilicon|wafer; t hat
create air gaps; 19 [0093] FIGs. 37A-37B are

si 008TPsS-FHECIIBR! a \Hide\erods-584tRMaAVRY BF /aﬁUé&emate integrated
packages i ncl udi ng anneal ed gl ass paste and

et tiltice %ﬂe#szp%gfeeﬁ@e@zgpyg&y ayer and
°°@‘?‘f°3ﬁf* S8 B! o

r ef ols in the various dravvlngs |nd|cate
| 11553 nr? g 336ctsan 1Sitte orossReectiopal vewoof ani aternate integrated

shows an aspect of a crystal oscillator enulator 10

cirguit pagkage aincluding anutapneated) ksl Paste ing/6r Wp@ﬁtys%yer and a
frequency. The crystal oscillator emrulator 10 may be

conduttiveunateriablayer adjasért to A inANBIeF bPA sflicBn\Wafge any
process including a

g?ggggs nE gj(‘)'g]l‘ﬁpﬁ!es é)r&a? ﬁ%osm‘ﬁfwg yfeg\‘ ?"":L'Baf?aipfegrated

cirddif 'pi¢kade SEULSHY SH Ynnealed glass paste and/or epoxy layer and a
conductive material layer adjacent to an inductor in an oscillator circuit of a silicon
wafer;

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

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

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

portions and a glass or silicon layer that create air gaps;
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oscillator 14 to generate the output signal 12. Any
type of sem conductor oscillator may be used
including LC oscillators, RC oscillators, and ring
oscillators. The sem conductor oscillator 12 includes
a control input 16 to vary the frequency of the

P CP??EL?r‘?ﬁ?u?T’ﬁa%?ﬁte#r%%ibgpcgis%gwq:&%nafSfaeav}?% shtegtated arou
Paégae%?%ﬁ'ﬁg]}d@i %r;\?\eégﬁf %iﬁ?ﬁgc'\éa;tlécaagfériterfm@uggr%n\éoth;?ghive been

varactor of an LC oscillator. [0098] A non-volatile
cogtervith agonductivesvaterialiand i on i nformation 20 for
controlling the output signal frequency as a function

of [008#kr atfilGe 38Allysirates édemplar ¥iebatds! icati
be enpl oyed i ncl udi ng cont entﬂa%regsadglfnﬁﬁé)}fop%"catmg the

inté&raMd cifdiat kbBindld ' n&$rhon 20 nmay i nclude a
c%}rérecti on nga?ct grn@t ofnggsgg’gﬁ edb' to the control input
16 e ' r.osegi|lator 14 to control the .
out[gg?gf;i g?@fg ﬁ?%%ﬁéﬁcffym% 4R {hi?r XY@r'ons; Arawipgsi ticate like
ele y be a function of a change in tenperature from
ibration tenperature to an operating tenperature,
as well as Dbeing a function of absol ute tenperature.

[ 0099] A tenperature sensor 22 may sense the
tenperature of the sem conductor die. Preferably, the

tenperature sensor DETAILEDEDESCRIPFIOREM conduct or
die in the vicinity of the sem conductor oscillator

14.[0096] Y FRyite 1 'SHARR 8 “apett b1 4 &ﬁs&%ﬁéﬁgﬁatﬁﬁnulator 10 for

including therm stors an
u I . be configyred to neasure a
gerg ang%qnnﬁﬁgﬁgg&j\%%é H??’/'Bﬂw%\ %%@%?#’f?@”@@ﬁﬁer&%ﬁé’%' oscillator
sent . tenperature. [00100] Figure 2 shows a
em@@i‘?’ﬁ@@ Hay Rﬁi‘gﬁ”é{rﬁﬁy%i’”ﬁ singley semicanguctar atie aising any process
. nforrrgti on 20 in the non-volatile nenory 18. The
InCayig3 qr%!rz]ﬂﬁneqt?éy—@@etﬂhwm-smicdmummf(msppmess.
i ncl uding CAM indexing schenes, |ook-up tables, and
haf§®09%bl eThe crystal oscillator emulator 10 may include a semiconductor
oscillator 14 to generate the output signal 12. Any type of semiconductor oscillator
may be used including LC oscillators, RC oscillators, and ring oscillators. The
semiconductor oscillator 12 includes a control input 16 to vary the frequency of the
output signal. The control input 16 may be any electrical input that effects a
controlled change in the output signal frequency such as the supply voltage of a ring
oscillator and a voltage input to a varactor of an LC oscillator.
[0098] A non-volatile memory 18 includes calibration information 20 for

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

non-volatile memory may be employed including content addressable memory
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[00101] Figure 3 shows a series of exenplary graphs 32
of correction factor values versus tenperature for
mai nt ai ni ng a constant output signal frequency for the
crystal oscillator enmulator 10. The data for
constructing the curve may be attained in any nanner

(AL T BRI ok R b FRLickoh SRl i3t 6% appes
4 {estiq eacLB %tev#' e to , determ ne _corr_ectionfactors _
0 *@%@&’MR 418 of thecserpicprauetor oseillataritid tet eantrob the output signal

mai ntain_ a constant output frequency with changes in
fregueneys at The calibrativa infoematiom 2Mhanay ibe a funetidnoof tdechange in
sem conductor oscillator control input is determ ned

terhperature framed ealibration tempoRnGe ®"8n VperatiiEEPHSEraILIE das well as
tenperature of the sem conductor 21 die of the device

bemg Ao of hBYSIEte biypg, temperature. The baseline
val ue nmay be neasure Irectly or interpolated from

5 J0p88NT=0 A HeoRRRBIEE SEsoF 22 S iRA SeRheclfte, temperature of the
tential aqutput. frequency. Al so, baseline values for
se'g'gct?ﬁ‘GHBtP nﬁreaf’ oPu&eﬁE%r@g re@’yteerf@wnﬁi?ttwe SeRsarajivl located on the

fromthe baseline value for the predetermn ned
semjcodugtoy diadn the viginity <if theasemiconductoe wstillator 14. Any type of
rel ati onshi p. The basel i ne val ues for each potenti al

ternpenature ensonazc ynayabe hisedt iNCRAIMS GRS ana! iHRSred detectors.
as a ratio, a frequency factor, t conmput e the

0
, ‘ . .

ThE e mpEAuN utRr 22 18 BSRuEE B8 ridhel e Bnand@ 1A mperature

y t he | t ti t t
e e g s N

di . JIh nb f dj t t [

or APRTE § Fidire: dhows aisiereas: techaiquer 20 dhestosus|thetaalbration
. reduce testing costs, but any nunber of discrete
infarmation R0, indle nasyvolatilerraemory 18 af herstotage technique 36 may be any

used to heat the sem conductor die, but any nmeans of
forneofydatapasesincluding GAM, dndéxind sclsemies Dbk abRisCafi®Hash tables.

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

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

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

predetermined frequency and at a predetermined temperature of the semiconductor
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enpl oyed. At each discrete step, the sem conductor die
tenperature and the correction factor for nmaintaining
the output at a constant frequency nay be neasured.
[00104] The correction factor is preferably a ratio to
be applied to the baseline value to obtain an

die@st ithe Hevick Hueh efé’l'het@n\ﬁem&%'tip{g EQ(;M g[a-fﬁ‘r%. C'@Lé géﬁé_ﬂi:n%r\lalue may

factor may range from a ase ue su

P Y ingle.correctiqn factor is conputed .
bef'ggag’g{g% t%'ﬁ%é&a{}&r Zntgfpé]rﬁefio%ﬁgnaﬂﬁqsé’&emﬁnﬁ :& another device
seni c,opduc or ~oscillator to maintain the output
chaipcterstic,, Baseling.valpes, may ralsq e measuerrtforr aack dotential output
frequenci es. For exanple, if a correction factor of
frequency. | Alsrt baselingd valuesofore sachdpot@dtiab catpi afrgguérity may be
tenperature of 45 C, then the control input of the
exteapolated drarhothe basslinkatahie fay tihe p@éﬁlétéﬁrﬁiﬂeésfréthuenc such as by
function of the correction factor such as by c angyng

Usipg KRG Pt Rl T, Bkt VUGS 1o Bab Potergial output
' i I di t
freqliRhoamBy et Shorb e Bpaiis et Reraratc, 4 Hawaaredactor, to
val ue to whj.ch the (%ontrol, input is adjusted. In
corﬁﬂtgﬁﬁg?%éﬁ? & %2lups froppya single baseling valvenay be
nmeasur ed corresponding to each of several output

f r QAR ed het tepapsiatugensd the lsamisbrguctpO 0] then increased from
Bat ch- node testing of crystal oscillator enulators 10

abaub die alowestaldperatiigOntenperatiRé| @ aBodMthe maximum operating
advant ageousl y decrease costs by reducing the nunber

terloratere i BISRRS, tds. 2THE WilnOLr SEHLERIN'UERS s BrERrmHy timited to

bat ch- node testing, e tes
: [ | lators. 10 fromthe sane batch |

abdg{t Sk ?fnélg@%(ﬁ@féo rlé\%:isgio E%J%?%étm pg§tsg}>pp 8P {Thenber of discrete
ste evi ceEZ,1 in éhﬁ b%tcé]. The subset of crystal _

% H13Y 2% YPeenireieRRly1anen-ghip heatesis wesd tocheps the semiconductor
. oge to any proportion of the total quantity of
dieqpyt apy. meaps Of vasying the demparaturg safdhe csariconductor die may be

emul ator 10
employed. At each discrete step, the semiconductor die temperature and the
correction factor for maintaining the output at a constant frequency may be
measured.

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

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

frequencies. For example, if a correction factor of 1.218 is determined to correspond
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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
enmul ators 10 may be tested for a subset of
calibration informati on such as the output frequency

t eline t er re.,The, subset of device .
to 8 atfnasRCla BB o1 46 & o enso el Inadba dee semiconductor
dify the batch calibration information stored in
oscliatar gay;ke-adipstedrs a fungtian of theoasregtion fastomsyaitas bl changing
a crystal oscillator enmulator 40. The crystal

theosantraldnput nptopodion: €o itlse domection tfacter.y $h adnother alternative, the
oscillator 10 in function with simlar correspondi ng

coreeatiohrfastor UNRE be hppliel 18 thé'&%eﬁi% Qrgrggchrﬁé&b%%fry&%t the desired

crystal 23 oscillator enul ator also’'inc
f e : 0 'l er 56 and a . ,
outplf FaBHEF, 6 gnfets°s, SipAoLR, kil ool ot i
. er, 54 | gcated on,.the sem conductor die in
aci{IFBH" ) Ahelie; Seredtie, Shrearion fadrasey Peanemsunsdasmesponding
to r?vi de a source of local heating. Any type of heater

\sayeral suitpyt irequensigstat aachdemperatanesstepand
resistive heaters. The heater 54 may be operated in

r e§QAHR5] t Batch-mogdet tésting ofiecrystaposoilato? 6@stbrs 38 to obtain
to control the tenperature of the sem conductor die.

calibratidie MfermationTR0 md\f 'RRBAtAJIBUSH t&std i

tenperature to a IevéesIP t hat corygggg%‘ggg%% (gélségo trﬁ%ucmg the
' tion factors, have .

S5O Ao Crenc or Skl GrodtiobildteRay it i st
t.hek i mpedanc y .enclose t crystal oscillator

the B s iR BTt of e cesdlElonanboiplare 0 amfhg same batch
i nc,reaaqe t he. sem conductor die tenperature to the

of spmicAnANCIpEFigsimay be msed fouak of therdevieasrinrthe datdrc eThe subset of
batch level testing only the correction factor

crystel pecifiatoniemylators that reme itested apay adrigefroineome t&awy Sroportion of
woul d have to be determ ned, |eading to reduced costs.

the total quantity of devices. For example, a single crystal oscillator emulator 10

may be tested and the resulting batch calibration information stored in each of the

devices in the batch. in addition, each of the crystal oscillator emulators 10 may be

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

baseline temperature. The subset of device specific calibration information may be

used to modify the batch calibration information stored in each device.
[00106] Figure 4 shows another aspect of a crystal oscillator emulator 40.
The crystal oscillator emulator 40 is similar to crystal oscillator 10 in function with

similar corresponding elements numbered in the range of 40-52, except that crystal
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[0100] The heater 54 may al so be controlled to raise
the sem conductor die tenperature to one of several
predeterm ned tenperature levels for which correction
factors have been determ ned. A second tenperature
sensor may sense an external tenperature such as an

oscERiraulbRIFIDY fay’ A58 indid& pE B Mord gﬂg?feéttél* %},éaTE@ntroller 58,

heater 54 then may I ncrease the semc uct or
; t he .near f the predeterm ned
a"‘ﬁ%ﬁ%‘g{r’@bﬁpg’é g[?&esorm'ﬁiq%ﬁéﬂﬁ%uousl y changing the
cont.r i nput during.the tenperature transitjon using, .
ex[&%&%] at *aema\s%rs%e«owaut ke logatgeh emdhe otanaicendyctor die in the
_ factors. 24 [0101] The controller 56 may add extra
vicinity of thensgmicpndycios oseillatosi4d tocenovidel & isoyreenef losak keating. Any

54 in response to nultiple tenperature sensors or

typewfi huatert S4gnay ibe uséd brcitding trarvisistorhieaters Gridorgtistiveeheaters.
val ues for the control input that correspond to

Thd ﬁé&bFSﬂini‘éfy?bé RpeeAtal 4h ?éspogﬁg tﬁ‘éﬂtihgbt' ﬁémﬁﬁgglaﬁglpg?ature sensor

any type of” entity 1 ncludin rocessor,

52 Sy GHeE o TRrR0HS 5 Mg 1 R er 54 may

. frequencies fromw thin a range of output frequencies.

incregse the semiqondygtar die tarpperaturede adevel fggt gomrespandgrio ene of the
t he i npedance of an external conmponent connected to

tempesatuseleyels fonpdnich correctionefiactirs bave heentdeteymined usmdddition, a
directly as a portion of the sem conductor oscillator

padkageehavihg t Aehight fhermidl e ceOmayn@ntist! thes Wiystals oscillator
sel ecting values of inpedance within a predeterm ned
emURfG&4Qay correspond to predeterm ned output
frequenci es. The external conponent may be any

COMRPYR I g, Sose ekl 58 St bR Sl i
tomratie o 15 ARG BBragacoTPBTAHEP- 1 19TEo TUBG Sebiop or batch
IevteIW?es'.(’?i)r(iE;ec;r“)zi1 Ithe correction factor corresponding to the maximum operating
temperature would have to be determined, leading to reduced costs.

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

confrol input during the temperature transition using extrapolated values computed

from the correction factors.
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i npedances 106 and 108. One or nore pins nmay be used
to interface to the external conponent(s). The
crystal oscillator emul ator 100 probes or derives
informati on from the external conponents connected to
the select pins 102 and 104. The derived information

t t ' I . t

CoOAYG T ety dlief o REf) 86d) Bftta fEHafdfP by 0P exampte

conf i etk 5 o e TR Bl Bt sSoeis vl
of 16, out put f,reaéjenc | evel s. The resistance of the

the GalibEtion Infargation 50 © rivecy2les fartheceaniral inpss thateastespond to

16 predeternined standard val ues. Each of the 16
intermediate tempesaiusesandheceontredipoBBsmay be2 any tgpeobf ehiitylificiuding a
out put frequency levels. In addition, |ow precision

Processar, gic ORI Hrid adbftwarehydupey used as the
external conponents to reduce cost and inventory. Each

XGRS CPRBOSABR: W Sndly! b b R REBEEASSHERAE outpu
freafended ATV 1 Fadke! Sfiaftbaisngiss " rop auptdgfayeney may be
selected. If two pins are used, then N*N different

selegiedrax adpnalignof thecimpadanceofan extesual campanent sonhected to the
for an increasing nunber of selection pins. The types

seleof inpei cEhe hextarmat rdompanent ity flss usedagipdatlymay D@ortion of the
sel ected include output frequency, frequency

semicondusio? ©scilathr tb asrkt the AapUErEGIENdABE mdiregﬁgsu%h as selecting
exanpl e, the crystal oscillator enmuldator 100 may have

lués iR [ '
vl & DSOS P BRLGINESLiod A BERp progemined
16 determ.ned val ues. Each of the 16 .
outefls HilBritessq ThE. BLBHA"SOmEBBERE et e Fruh erinent, but is
co esgond,s to one of 16 predeterm ned out put
preferably @ Ra§SIVe FEMPAResL sush as afgsistPriaraapacter, to 100
MHz. [38104 _The external inpedances 106 and 108 are
pr B¥33b| yFigsse s& shows aapaspectr sf arcrystalb bscillatonssmdélator 100
resistors and capacitors, but may be any conponent
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 extemnal 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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that exhibits predom nantly an inductance, resistance,
capacitance, or conbination thereof. The externa

i npedances 106 and 108 may be connected directly or
indirectly fromany energy source such as Vdd and
ground or any suitable reference to the pins 102 and

one of GHe 16@utetam@dEanci/Nevety! &h Raldition) R pretidioR da%)élvgebom onents
connected through a resi stor/transistor network

are pﬁé?ératd[T% ilagg o ﬁ@pé}&eﬁm%:l Ogﬁqﬁéhk‘sofooré&“ s'F%bgqhge,ntory Each

The crysta I emnu ato

t I r el val.ue corres
extori) riboiiort e 1Rl BB, 8 piiesdfRpiosy e Faa@ezﬁhat each
26 Pr ef rab the i npedance is selecte
CO"E’EFEP’HgG heSselagtiom of @ Resdatermingd sRARtErisHe dp¥eianiicone pin s
val ues correspondi ng to resistors having a 10%
used; thesr Bindiffe(entgcharagterisths lBved8May be)salecteddulf éwdepins are used,
and inventory costs. To account for measurenent

then tNINer differemt aolartateristit elevaie by the sbiédtedaland so forth, for an
i npedance, a range of |npedance val ues may correspond

T P U P o v
nce
oxamh a8, SRS S0 o, FRBSAASE SRR Wogance, o

digital e correspondl ng to 2. \Wile val ues of
basehﬂ%ﬁggweﬁéﬁ'%g%@rafﬁ sxagwmieotie eystel oscillatpoemutater 406 may have
associated with a digital value corresponding to 3.
a singieesefeat pired 02rawinectetcty ancéxtdrl resistritha niyehave a nominal
tol erances of the external inpedance and the internal

valuerrfsewrteaeﬂbnwécgmh oheqp gp?éb%@éﬁmﬂsaw:slsesat E3ER of the 16

select pinis used detefmne a correspond

pfed%é%’f@r%%’%h 4 e rﬁ%ﬂlﬁ%ﬂ"&ﬁﬂlé’ e, By f'%éonﬂém%e of 16
preddBrlbed bt S aueney BvEls aasty Bnging fomey Midz fa 4001z
conbination to describe nenory addresses. For
el@iAk, alhRreexternakbimpedamces: 1661 end {0 areguefarably 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 threugh a resistor/transistor network to Vdd and through a capacitor
network to the select pin 102.

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

select value corresponding to the measured value of the impedance connected to a
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interface to inpedance val ues that are mapped into one
of 10 digital values, nmay describe 1000 nenory
addresses or | ookup table values. The contents of the
storage | ocations corresponding to the nmenory
addresses are used to set a value for an output or

sele{ét';@;ﬁrgqg}rey&gﬁ \)/afﬁee fri'lééd%éélf | diebﬁ?@g&gg ﬁlg(}/téngts@daé% yglue such as
nomfia] reilaitn ek GprBssending o et %?ﬁéi?%%h@&erance )

val ues, The digital values in conbination may
470,369 i 680,100) nemiegucelddedeesand inverigpy t abste. vaTaieaccount for
that may each contain data for setting a
meastremaentelolerances andhiheciojerante @f the | etemat impatiance. 09 range of
27 [0106] Figure 6 shows a bI ock di agram of an aspect

impetfanteCvalbfmap Colred Shd 8 @é % \Blﬁecrﬁ‘ﬁégéelect value is

osci |l I at or emul at or i nc ect
pref?:'ébﬂ[&fiﬁ@%a}i E]’/aﬁ'fé %ﬁﬁé&ﬁgls I'%bﬁg@%%%{cfgé\‘}%lpggi ac{)rsex%sﬁ?qe values of
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npedances 116 and 118. [0107] A rreasurerrent circuit
Valuqmrwnﬁeémdm?e Whileswalbes ofimeastred resistance feom 3001 ohms to
electrical characteristic that is a function of the

470@xhens afe iaspeciatedewit 4 digital valiengdreesponding &1B. MBive eeasured
supplied to the external inpedance and the voltage

resistinte llrfcl@hﬁse{/ﬂﬁaﬁ%n%%@% ﬁé]@ra??éb@dﬁ e'ﬁ@ﬁ%‘i‘%ﬁaé@é‘nce and the

then nmeasured. Al so, a voltage e | npresse

~ inter@l Hr%%sﬁ;b‘?%\n tc‘?r%[]ﬁ" ThEh %'?j%ﬁﬁ ? c’gﬁgg@? S?l%rgfs pH?? used to

current Yy rreasurerre tec

det @i#%e&%”@é’rﬂf ?ia'”%iweer”n %r‘a%ssr%ﬁm{a?aaﬂ@sv@ay ingude 3 or

t echni ques. npl ary neasurenent techniques

"‘0’? i é’a H%@fgi erqfembhs fanﬂea%/r@@l 10 tei1§i digital values peeselect pin.
and digital to anal og converters (DACs).

The Fdlgltair\@!u@s cemespanglingi ke each seieot pin meys be useghin combination to

dynam c range. The nmeasurenment circuit 126 may
describe memory addresses. For example, a device having three select pins each to
interface to impedance values that are mapped into one of 10 digital values, may
describe 1000 memory addresses or lookup table values. The contents of the
storage locations corresponding to the memory addresses are used to set a value for
an output or internal characteristic of the device. Another exemplary device may
include two select pins, each configured to interface to external impedances that are
mapped to a digital value within a range of 10 values. The digital values in

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

each contain data for setting a characteristic of the crystal oscillator emulator 100.
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generate an output having a value corresponding to the
val ue of the external inpedance 124. The out put may
be either digital or anal og. The sanme output val ue
preferably represents a range of external inpedance
val ues to conpensate for value variations such as

U LT A W R p——

| erapcesg, due to factors i ncl udi n r ocess,
emu{ag%éﬁat uﬁ'@e crygtal gsriliator-gmulatery ingludes: & gelest pin 122 to
external inpedance val ues ranging fron1 greater than
interfeceute an extemahunmdanoer 124 that is wseddiogiseldctingtzpobnfiguration of
val ue of "0100" Wi | e neasured external inpedance

the org$tabesdilfator emutaitorm 20eaher estémal fMpedanice 15'2‘4 |s2§nm5ﬂ‘ﬂ"n functlon
may correlate to a di gltal output val ue of

and 3epEMo @étﬁé}ﬁg re a subset of the

neasure externa I npe ance varfbe account for the

ariations. For n the ve ses the
tdlﬁl ext'gr H}:ﬁasur?fﬁgag Uaﬁgésc%‘@ﬁﬁe elor &g‘ﬁt gelegty pin 122
O ohns and. from 36 to 50 ohrrs In each case an
measyss el p@@lca[aﬁhafaetﬁreﬂe thatds pdunetiongf the extersst impedance 124.
have a value centered wthin the range, such as 27
For ehamplm@ agrentnpay lbe stppliedetp, thenederrat impedance and the voltage
preci sion conponents may be used to sel ect anpbngst a

that llsadml?ed‘la@’ﬁs@ tiees esticPial iPipeBEhSe 15111 Qhér?hﬁ‘é%uté’t‘i %SM voltage

be used directly as a variable value to control

maydy in?;ﬁesé‘ébaé%ﬁﬁ the bkfengél IHE% Sh¥s 42k 519’??‘%@ %é)e[sure the current.

emul at or 120. The varl eva ue my
fromthe sel ect val ue. [010

A"VS’?%?%%PS”’%“ ARONIGES e R AR SR, PR RATieplss Tiavbe used to

rmgeB_leo . [ed as.a, function of the select val ue.
meagy plg Fharacteristic ingluding gypanyig asowell as staligtechniques.

structure including content addressable nmenory, static

xempianty measyrementrtechaiques oipiclude ttitbings cirb0it€)9pn&log to digital

the case that the neasurenent circuit 126 generates
convertersit (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 cormresponding 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 extemal 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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val ues that have a one-to-one correspondence to the
external inpedance values, a digital value determ ner
128 may then set the output value to a sel ect val ue
that corresponds to a range of external inpedance
val ues. [0110] Fi gure 7A shows a rel ationshi p between

roups of ance 50 and cl at sel ect
Oh"%a chgrgl r{ghg) e‘fﬂ‘t‘l%eOfaZ&ﬁE's e@‘ e @gfual external
. have a one-to- one corres ondence to groups of digital
impedanse: valuegearel s suhs%o dhe masurecgcemmahempedame value to
val ues 154 associated with each of the groups of
accounp faitheevalue vasations. Fdrexamsid aimcthe\above cases thengctual external
froma mnimuminpedance 29 value to a maxi mum

impédaReVHGe & ighEBa TRING 4 t& Bﬂtdhnt\i‘ BAg fFHmrBH & ﬁ@‘ﬂl‘i‘?ﬁs In each

with each group having a nom nal i npedance.
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spaC| ng of 16 ohns. The spaci ng between the groups of
pregisipe ramrongnts deay de ysed deaselpchamengsh ageanget of digh precision
progressi on, however any mathematical rel ationship

outpuls: The salect value stabbe ased direcigab atvariabld Vlugt® Boftrol a device
such as logarithmc, |linear, and exponential. The

chagieteristie &Qhé%tél'ﬁ&ﬂ%%rﬁh%i@ﬁﬁ@y Thie bk 95\f1@r}‘¥1ay also be

I npedance val ue of the groups |nc uding a nomn

deteffiinEd m@ﬂg@t‘f renghg%e‘égﬁt val ue, a starting

va ue, I ng va actors that influence

CISTRIC 8 slefSon R el S Bt may o

the tol erance of the external_inpedance, the tolerance
selegied 3§ 8 fupgtiansiithe selestivalugr riha stomgeceirsuitay may be any type of
tol erance of the neasurenent circuit. The tol erances

storagg structurecainpludirige aomierdd addressabis smetrnperstdtit eand  dynamic
and power variations. [0111] Figure 7B shows a

memetyatnd isdk-gp kstlegen ranges of i npedance

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

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

impedance values 150. The impedance values ranging from a minimum impedance
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val ues 156 and associ ated sel ect val ues 158. The
ranges of inpedance values 156 have a direct
correspondence to the sel ect values 158. The i npedance
values ranging froma mnimuminpedance value to a
maxi mum i npedance are separated in into three or nore
roups, with each group havi ng .a nom pal i npedance. .
valugite & aiinin imBedahre: By, Separaied JARL, fhreREOTMSE8 groups, with
may be sel ected to have a spacing between noni nal
each giosphadng g neminabimpedanee. nbhe namingllimpedande valuss of each of
and 43 ohns, of the groups of inpedance val ues have a
the grpaps may belseledied to Tave alspacing betwees pontinakcinpedance values.
bet ween the ranges of inpedance val ues 156 and

Herea 180 plofiingl Vilid; 07 cHing @indess3 bRfsBY tﬂée%dog %gﬁﬂb@gance values

by, for exanple, a nonlinear analog to

F g 0 . ; fert] cke.to Fig. .
havegd SYBEE of (B Bnrie e spebil heliRa e Bl dhuihegiafoe values i
I tions. correspgnding to the digital output values )
preferably. batest of,; 4apristic AidereSsinsl diawkyer aoiTpeihamatisal Feationship
sel ect pins. The nmenory |ocations may be grouped in
may b, usgd erestablishaspacing between dheigigips sutkeas [sigarithanic, linear,
| ookup table for two select pins, and a third order

and expbpefitial- The spasiagebetwaiems impédarze @roupstmaylts’d ba8&d on any
may set a device characteristic of the crysta

impetamicel valiwe ofthel grolps Idudifgaa homiidl 98Il ah?v‘?\fég% ?Fiy‘é a mean

val ue. The variable value iy be generate Ir

t : t,Cl j t ] Lndi tl
valugya PR V(S ER' o ehelld valle) FAOR tnef L ERbe elecih of the
mp B ERaRtae §5 in.oupR A0 B8 SRAcHeau euds vRgous tolaramces such
The select pin 124 may al so be used for inplenenting
as the tglenancey ﬁgﬂhe fextrnabimpedance; thevieleranwen of Pernalovaitage and

enabl e, node sel ection, reset, and synchronous
currgyesQurees: . andhthet tolesancg of the niemssedrment girouitl 2Zhé dsiermces may
a nul ti-purpose
for example be caused by process, temperature, and power variations.

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

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

correspondence between the ranges of impedance values 156 and associated select
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select pin 124 for configuring the crystal oscillator
emul ator 120 as well as inplenenting the additional
function. [0115] In one aspect, a first range of

i npedance val ues connected to the multi-purpose
select pin 124 may be used to configure the crystal

S I ile o rat|on t he .
valued3 55, ﬁl‘s&l of T Bientat) Bye 16t SrBiieqenfoniss: Shslog o digtal

curr j npressed on the multi-purpose select pin 124,
convggey §BﬁWB)values outside the first range of

i npedance values. 31 [0116] Figure 8 shows an aspect

of[0&h2]os ciRefaring backeithFig. &) @nt addrese generatan 180 trpayt determine

havi ng a periodic waveform The oscillator assenbly

memdp idcatibns esrrespondinglto tigs diditahbatpue Wl@%%ss%@%té@wﬂh external
drive a phase lock |oop (PLL) 204. The crystal

mpe@éﬁbéé Bbifect&d0 & 5e|%g12plﬁ§y 'IEP% ﬁlﬁmd rlo?é’clofngriﬁéil BB grouped in

and structuretot e aspects

oy 335 1 8, N ool 05 4ot i

[ LLs and anal og PLLs. [0117] Multi - purpose
and %Q’ﬂ@ft?rdﬁf le fer three SelectkRiPSbe used for sel ection of

the operating paraneters for the PLL 204 such as the
di[0n43} f ctapntrotiee 132 may et Eodevicel eharguiteristi206f #nesl crystal
208 may al so be used for control and operation of the

oscillatorséralilatorcid0 @8 afusetionadfihe %ﬂablé%l@é ‘FHé Riéfiable vaiue may be
frequency sel ection and reception of a reference

gené?bt%kdlfé&'tly;bycth‘%r ﬁ‘lfe'agﬂr nEé(ﬁt lflﬁh Eéﬁérﬁﬁr%os : c(g¥ gro%izl&e select

be cohnécted to t1-purpose sel Bt

vt B A 0 AT S5 0Bl B0 o

corres nd to, the selection of different operating
exte nce vatas.cennestedio theseled@pins. 10 and 212 may

be used to sel ect one of 16 predeterm ned operating

f rlBdddhci ekhe seleciopibi 124 ey alschipe esed fordmpleraentingas additional

210 and 212 may sel ect from anongst 256 operating
functiore quehcasspower down (PD), power enable, mode selection, reset, and
synchronous operation. In this aspect, the select pin 124 becomes a multi-purpose
select pin 124 for configuring the crystal oscillator emulator 120 as well as
implementing the additional function.

[0115] In one aspect, a first range of impedance values connected to the

multi-purpose select pin 124 may be used to configure the crystal oscillator emulator

120, while operation of the additional function may be controlied by a voltage or

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

the first range of impedance values.

31



control multiple functions, each of the nulti-purpose
sel ect pins 206 and 208 may receive signals within
di fferent voltage ranges. For exanple, one

mul ti-purpose select pin 206 may connect to an
external resistor 210 across which a voltage in the

| AAEE; < B o oo A Yomdat O A7, Rbdltacassemtp A0S i generate

n?y ﬁl so recei,ve a reference clock signal operating in
an oytfui Aguing & periedic waveform. The eseitiator zssembly 200 includes a crystal
signals on the multi-purpose select pins 206 and 208.

oscilftof emuitoFRRrte drivehawhase dpcle fsbys (Ridt ) 204, 0Tkl drjétal oscillator
300 for generating an output signal having a variable

emufat@O2E2 ¢iay DeesifriiaP 3¢l femaish! 4va Saticidrd it rtgé%ﬁects of the crystal
i ncludes a crystal oscillator enmulator 302 cohnected

; 4 r evice . co cted. t
oscifdlorombiatdft dectteBINEY T8 BetBpist AR ERTIL AP A ncfuce any
C r he .out put uency of the crystal oscillator
typea%ﬁ%o"%ﬂaf S asrﬁéglqalfl Egﬂ§ﬁ8§ an@lpg Pblsdevi ce may be any
devi ce or technique including a varactor, controlling
t 01181 as Multi-purposeselast pinst 206 apdizt8nmay berused for selection of

oscillator, and controlling the control input voltage

the aperiating paranfetersefoorthet Piclai@02 tocts a3f tHehdivider factor. The multi-
sem conductor oscillator. [0119] Figure 10 shows the

urpeBe 'seldctpirtf 206 ARIP2O8 r r b - i
P F’grrul at or?) At Dbl ock 400,@ glgren %%Eg%%?%fb%@@ﬁngt%orerﬁgon of the

i t i i anal, havi ng,a .
crys B BYe St 34160 202 0 Aoy B B Bt Bl ecepton or
L conduct or .osei | | r be caliprated to generate
refer3RER o Frllbatn, aéﬁ%mg?eﬁﬁtea%éé& At % By depgonnected to
tenperature. In one aspect, the calibration may
the Mylti-purpose sejestping 206cand 2PButoeselect the operiating drequency. The
di e over a predeterm ned tenperature range and
ranges £f valueg afahemdernahrasistonsr@t0 and 12 soriaspanditd thétselection of
__constant out put frequency. The die tenperature may be
different sipeeatingnfrebeenties.nEagh @xtdhal resistor 210 and 212 may be used to
select one of 16 predetermined operating frequencies. In combination, the external
resistors 210 and 212 may select from amongst 256 operating frequencies. To
control multiple functions, each of the multi-purpose select pins 206 and 208 may
receive signals within different voltage ranges. For example, one multi-purpose
select pin 206 may connect to an external resistor 210 across which a voltage in the
range of 0 to 2 volts may be developed to determine the resistance, and the multi-
purpose select pin 206 may also receive a reference clock signal operating in a range

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

206 and 208.
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sem conductor oscillator. The calibration information
may i nclude control input values versus die
tenperatures for naintaining a constant output
frequency. The calibration information may be stored
in non-volatile nenory on the sem conductor die. At

bl 04, operat.ing freqguency. my b eterm ned by .
pr@g}iﬁg anF@Qfeegr?gl%wsc%ﬁBfﬁ%ﬁ?Pe i‘?ﬁ‘}ﬁ'ﬁg’f@oﬁ%a@n@(ﬂtmg an
406, the sem conduyctor oscillator generates an out put

outpu{ signal haMing & yapakleafreadenewquhe yspread wpectruro®scillator 300

. the tenperature of the sem conductor die is

includes ea rarystal oacitlater \einuilaiory3@2 doneestedi twoadeidt 804. A frequency
oscillator. 33 Continuing to block 410, the

contrs ndévice! WinpectiidetoTiye Reystapieilatorc@pluffiot 809 Oﬁh&obynamically

the die tenperature to one or nore predeterm ne

conig g SUHHELAIEIS of e NGRS et ARAOE 01 | Y rcuency
con R TAYEHS o AR e e AL SRS BBt enoling e

. The stored calibration information may be used to
bias Gygfenbsourre ote: semicpnguetor pseillatari andicootrolling the control input
informati on may be used directly for die tenperatures

voltagezappliedrte $ipe nesdnant tapagitors opthecsemiesndirdsr ssdikitodi e
tenperatures, the control input value nay be

exjonapy! at Rigutd a0 dhvwsSther ' h QRpb&f i\ .
Co!r(],t1i ngi ng lt@g bl ock 414, t9 g@idg%@%ﬂg%@g?&tﬁ; ou %ﬁ% oscillator

emuffdt@rr.‘ alatNBgcle 4y r@%ﬁﬁéc*nﬁu%ﬁ?ﬁ?u@aﬁ I;sze Hﬁﬁ(ie:a;\g%roéﬁ%erating an

requency contrél srgna

f.a.l oscil | gt 32Q, f ) ti
outoEPGhRC g 'a” BB b o i Blackdede. tre

a crystal ogscillator enulator 322 to calibrate an
SemEQPP5@°§ iqSF@anda%x Pe salibrated to gepertes eonstantcrequanay over a

emul ator 322 is nornmally in the off state to reduce
predgtaratines range taf dlemparatupe. ediet oneni aspact, nther eatibsaticrh enay include
crystal oscillator enmulator 322 is switched to the

varyingvtbecemperatua ef the serhiconauetor e avét ¥ PraddtéifiNed temperature
oscillator 324. The active silicon
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 oscillator.
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oscillator 324 consunes | ess power than the crystal
oscillator enmulator 322, so operating the active
silicon oscillator 324 continuously while only
operating the crystal oscillator emulator 322
intermttently reduces the overall power consunption

f th |0 osci|lator, 320. Any type, of active
Confibying 3g bidek i the SrIpcadCial 4% s1a)ibs deatsthgr cooled to control
oscillators and RC oscillators. The crystal oscillator
the digteapsratupertoane pe marermredetesmined temperatune devels.h Aibjock 412,
of the aspects of the invention as described and

the slootvol i inputhinsays fbecidontraliednas 3¢ fuhtldn éf tHendie 3EBperature to
may determ ne the frequency error between the active

compehbsatenfop thiah§és t@b??@ﬁt?\%ﬁf&@%ﬂ@ﬂ@énﬁgpg lsighgf caused by

emul ator output. A con

| ~FSyl | ; ; y error, to
tem{EHeh i crengBe; ThBRiBfes il o ROBbNTRES e ided to contro the
osci || at 324. The .contrgller 328 may al so receive
°°"t(@rﬂ38'|‘%\t ﬁf’% %H?f@ﬁ%t'mfgnnﬁv%m% Ee yped giregtlyi for dieptemperatures
enmul ator 322. The tenperature information may include
that cofreepand; a:stosec teraperatires.c nos otherrdie témpératures, the control input
sem conductor and the anbient tenperature. The
valueomeyobé extraplater fion Ithel estorddi balibratdh iinfoRMERGN.OContinuing to
for the active silicon oscillator 324 simlar to the

block@i4b by fre §rn:f@f'fﬁé oRthuk %;lgﬁeﬂ Fnety ?réa[yj%%mg’?ggl"%‘g&g?? a function

emul at or 322 e frequency error

f L BRES [ or the control signal and then the

© a?@%{%b% E‘Jr)rét\‘@n rafrlr'ati on in conbination with the active
Si bd G Osgi l | at alibration informati on may be used
¢ ol 7, o°Flers off Pws: gapSPast; P a fiow cPweRIosallitor 320 for
oscillator enulator 322 is powered down. In one

gengratipgt a pefiodie csigndlat Uhe d@ws payer iasciliatoro820 hiacludes a crystal
crystal oscillator emulator 322 nay remain

oscillator i eadlatdry 322 ver ealibsatet hnt activet silicen osCHRBST 824 € The crystal
informati on nay be supplied to the controller 328.

oscilléter eslator 322g8 %bnﬂﬁlﬁ{ FRdheDSF BtdtB e ré&@c}é BbwBF consumption. At
analog. If the <control signal is digital, a

pred8téinhinbd { Pitét0ais0Ghs C8NELd Cosdiltdtt? einQalBly 358N shitthSd to the

powered on state to calibrate the active silicon oscillator 324. The active silicon

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

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

shown in this specification.
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control signal to anal og. 10122] A regul ator 332 nay,
in response to the control signal 334, control the
supply of power for the active silicon oscillator 324
to adjust the operating frequency. The supply of

vol tage and/or current to the active silicon

°S@ &l t“%,éwy%ﬁmié’”b% Bruine 4he' Fredascyr emppdetween the
ﬂo‘?%h iﬁg 35 [0123] Inoeratlon the active
a°t'V§ jligtor qutput apd the crystakesgillatar emulator output.e A controller
generating a periodic output signal. The crystal
328 gvay Igeaemte candanirol sigialj based romatie fregueney odrfors ttetadntrol the
In the off state, either all or a portion of the

frequencyt ofl thesadtiveasifiéon osuillato? TSﬁZZWEYC&ﬂrd?I%WRdn’% fals® receive

conserve power. At a predeternined tine,

tempERBiUrE In dfo?mhﬁ@n s It@% c‘?§§té b?‘%’@@?%@%&&s | J&grtemperature

sem conduct or OSC

o e g e ARt -
n of the crystal osc:|IIator emul ator 322 is
and g_&g@ Bblent PmReralure: r @ &ngtyoliar 328emaytipcludeiagiibration information

the active silicon oscillator 324 to determ ne the
for the agtivensilicen pseillator 824 similavio thiel catibratmscinforaiationFarthe crystal
The control signal 334 changes in response to the

oscillateriemuiatoe 822!  Theafreqiéndy &b indybé i8ed 48 e\f an, initial value for
vol tage fromthe voltage regul ator 332, |ea

the &dHifdYSi hBI ANE K ﬁ%utglfﬁr{)%‘i‘%‘lﬁlpé: %ﬁf&fmatw}ﬂna&;rﬁfﬂa%nlr a/itg Jhe active

osci | | tor 324, requency err

siliccy B fatf, Gl 'n"*‘a@véttmf’h%” ©iecbd SRS dhe copirol signa

| power osc|llator 350 includes a crystal
Wh'l%%’?l ¢T3 aseiliaiaropmutiator $22o iampemesed ciown.t hira aneaaspect, the

pu oscillator 354. The crystal oscillator enul ator
tempprature  srysiRg | Girduit ofcthgowrystal dseiliater acreutator @22cenay remain

power consunption. During the powered down state,
contiriuphisly powered se that tontinuols ttémperatatetinformation may be supplied to
the controller 328. The control signal 334 may be either digital or analog. If the
control signal is digital, a digital-to-analog converter (DAC) 330 may convert the
control signal to analog.

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

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

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

the supply voltage.
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oscillator enulator 352 may be powered down. At
predeterm ned intervals, the crystal oscillator

enul ator 352 may be powered up and used to calibrate
the charge punp oscillator 354. The predeternined
intervals may be determ ned as a function of any

TN PSSO B BRI B BRSNS i o o

f, the, sem conductor, and supply _
stafty BEAGratbf LR eSO Gtpls Signitc RPgEvBtAosSBiston snusstor 322 s
35% may include a charge punp 356, |oop filter 358, .
norally H@é\%@ﬁﬁt&tﬂ da the offistateo eithecn) oBa ortiordopihessrystal oscillator
detector 362. The charge punp oscillator 354 is
emuylater| 322 innayo fer pbwered offcloneenséroBapovdiar 9@ é’%@d%termined time,
oscillators, except that the reference i nput of the

powrds Gpﬁﬁé@@é ®ie SAAAISERIINES &nu[agrg%?%gj'hﬁl[%ﬁsﬁ?ﬁw& oscillator

fromthe crystal “oscillator enu RO L e
of 8 P USCUARE SRR S8 16 BHh" o8 o 8 T catoratn

' utput signals is selected
infofthlion, <28 Teisagh afee ol sihat of ine ol qeeiietor emulator 322
. _locked | gop 366. The phase | ocked | oop 366 generates
Is cgmP3AGWith dhe fraquescy o? thecoutput signahef thelagtive slliconalstillator 324
fromthe crystal oscillator emulator 352 and the

to dgtamgieepthepfrequendyaemor 33he A&tMaLilibon GaeNiatdros24.t Mehe control
charge punp oscillator 354 is normally in the on . h

sigriell 384 @imgeatin Hesgomsy tooﬂiecfrﬁ%\?ﬁia{:{yl @"'% %%H%ﬂg% g@,}q a'bg. e supply

oscillator emul ator 352 is

voltage FOR e vtEiropBlaCtag dradbe %y B8R ne Adtput reguency o
ion.. d ined tine,
the BB SITESH Bo AT LA%: eBleroing fRdkioney aror. omul ot of

35 Jhe sem conductor oscillator of the cryst al _
osiﬂ?&t or ?égﬂfpa'l% shows ansaspeet of @nothertlew power osuillator 350 for
st ored

generating a periodic signal. The low power oscillator 350 includes a crystal

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

supply voltage change.
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calibration information. The output signal of the
crystal oscillator emulator 352 is conpared with the
out put signal of the charge punp oscillator 354 to
determine the phase error of the charge punp
oscillator 324. The VCO 360 is then controlled to

h h [ | of
nd0iRel oo PEERaBE Pimblhscifior d54ciay Hokide]: enarse pump 35,

| %ﬁ&gué éi%ﬂal of the crystal oscillator enul ator 352.

copfiter, 858 noltage: controlled wscillater, (MGah36R and phaseidetedtor 362. The
applied to the PLL 366. 37 [0102] Referring nowto

chargey lpusep 1@scillator 354 niseimitardinc bperstion 500 comadntidea| @dharge pump
crystal oscillator enmulator 502 that generates a cl ock

osciliators| .exCept thatnheereferehiebt pubQf the pHiel ALRBIGH ?62 receives a
circuit 500 receive the clock signals. The crysta

e bRER A e 02PN BRUGARESE °° 1, o

Ci raldi 502 cap. incl a prpcessor 512 as shown in
Fi &9?@61?4 d’% @Pﬁ'@iexeéi i BSCIVRS ekipat signplsniram the crystal
?O can tignally be used to select the clock

oScf 'F"géfu% 19F 354cand yibeathargei puampooseilaionBsd. 5@naof the output

. Shown in Fio%ures 13 and 15. 10103] Referring now to
signalgis selepted and passad dyraughdthe multiglexst B7i57) HOsHas? locked loop
cl ock divider 520 that generates clock signals at

3660t The phaseiookeddoop 866 ebAEkated 390 | 8 -
Ci rcui?s 522-1, 522P2, Q aned @2@%B§%§PPEEHSV%I%“C“°" of the

outSit! Sigy o1 G ' he jinterconnected
gursghls o4 ne B08te LERME gtz b B SN GG bt
3549Ii vides the clock by an integer such as X and/or

mul tiplies the clock signal by Y for 1/X Y and/or

Y/i g&jlﬂgtgents. The cl ock divider 520 may al so use

ond?0 r &N CRGIRYGN, the gharge pummnioseiliator 364ris riarmally in the on
producing different clock signals for other circuits

statgogenemading| acreritidic ceitput2signal.plihe dvystat loscilatirgemutator 352 is
as shown to N-1 circuits 522 in the integrated

noremaily in thesaff stdte.10rfine off Statel eithdr alPtrea BbrtioRCorthk Crydtal oscillator
i ncl udes a processor 530. The
emulator 352 may be powered off to reduce power consumption. At a predetermined
time, power is applied to the crystal oscillator emulator 352. The semiconductor
oscillator of the crystal oscillator emulator 352 is then calibrated with the stored
calibration information. The output signal of the crystal oscillator emulator 352 is
compared with the output signal of the charge pump oscillator 354 to determine the
phase error of the charge pump oscillator 324. The VCO 360 is then controlled to
reduce the phase error so that the output signal of the charge pump oscillator 354 is

calibrated to the output signal of the crystal oscillator emulator 352. One of the

output signals may then be selected and applied to the PLL 366.
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processor 530 can be connected to the clock divider
520 instead of and/or in addition to the crystal
oscillator enul ator 502. Additional circuits 532-1,
532-1, and 532-N comunicate with the clock divider
520. [0105] In Figure 18, the crystal oscillator

e 5 vides .clock si ls for a ocessor .
5300102}, 2 B B588 £3Gres 06t nioarBud PERICAN0 includes a
or nore circuyits 544 in the integrated circuit 518. A o
orysteh oRClkater @é’ﬂlﬂ?t%ﬁ%mat)gem;afss@clm signglr oGneeat. more circuits
The processor 530, graphics processor 540, nmenory 542
504a|ifd/tge integeated atircuiti 580 Feaeivathbeclock sigratsiecTies! chystal oscillator
any suitable manner. [0106] Referring now to Figure
emilatore502 care pedinpibraenitedi ds 68cribeal attRe AN HCBRMAth Figures 1-
circuits 602-1, 602-2, ..., and 602-N (coll gt | ve{,\%.
ci | ki ; . Whi
12.0 e ol Upcnosn it a%v%ﬁ?%%%fj@né% b8 gt 74 or other
: circuit I nc e rocessor as
circkfs, 5, S8ebT Sorpilert I cen oiisnel i) ses fowpelechiéhe clock
rovid as described above. [0107] Integrated
fre‘ﬁfmiq? g‘et Fypial pecilisior emulgtos L.583@zscrshio.\\vnaumdéugt«:a;a@ t&jand 15,
mat eri al . The packagi ng material may include plastic.
Thd 083k ubRefatringmwywito Higutes 16atB; drhiategratedcsit®®dncludes a
to leads of a lead frame by bondwires. The IC

cloclukividert 820 tthat gensfhtes estosk Sighald a®tthéf ohBeot fﬁd}é other clock
may be encased in the plastic.” The properties of the

FroqiRTRE 18 SThE 5220 P2 b o S s e T EiRE Bp2). e
; ' fr ncy .of .an on-chip, oscillator to .
cireii 122259 be, e RRotEh 45 ech Gibehi Rk afines. i gleck divider
e. 1o changes in the dielectric |oss of the _ _
5203‘3‘(‘! lgtﬁéi tﬁﬁ Y an igieger sueR asPhandleamydtiplies theeciock signal by Y
ackaging may al so be due to water absorption of the
for g ﬁgpr%&/(

BoKagn &djustmentsli Theralock dividied 529 rhay @lsd ugs ofie or more
result, the packaging material may limt the

additinniat vatinseandibi ivisors! facpratacing different clock signals for other circuits

522. The clock divider 520 outputs N-1 clock signals as shown to N-1 circuits 522 in
the integrated circuit 518.

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

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

more circuits 544 in the integrated circuit 518. A clock divider (not shown) may also
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[0108] Referring nowto 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 tine and/or as a function of

LM O nt al _condi For exa when t he
e BRI nERe Bradeizor 550 Gianiiis arcbe: 540, ewnap42 endlor other
diel ectric | oss of the plastic material may change
circyite 544 ma:be jptetaennegtad:in @anyrsuitable mannepact  upon
cali bration accuracy. As used herein, 39 the term

di {086} i c Refemringehewstot Riglres $0,0an enegtitel fb%uut 600 includes one
eventual ly produces a rise in tenperature of

or o eRtiits-602aS BHZD an Hd 60 '(&ﬂle%hﬁéigfd@ﬁlts 6095 dnd the low

Heatlngls due’'to “rmol'ecul ar frict

t t
ol Ul ot e BAGBRcL Bl ] S35 Elrgwits Figure
11tEﬁ:| nfc dent ve For ‘g | e, when heating food in
&P %lrc é“a)’ falude goRraceasIa%ShAWRCALH10. n At ¢leck divider

food vibrate and are heated. Sonme materials such as
(nomqvw)rmpy also be; peaviderbas deseripedealiove. use in
m crowaves since they absorb too nuch heat. These

mat[e10Z) s Hetegratedh circuity ITY idre! fsicallia cehséd Shi & -packaging
O her materials such as other types of "plastics

mate¥iBk M eackaoind Mabérid) Tna\e MM I-'a_Qﬁé e I@r é@rhiralt"'@}‘r%y include

| ower dielectric Ioss character stlcs i nce

pads' thetafeSedimet écﬁ%ﬂ Iég%ﬁyfég %:PS’: tgqr?tsgylgrgsg:'ghe [of substrate, the

frequenci es,

erre .0109 er absor tion of the plastic
b°'ﬁ’&‘? dd QR}JBP"‘E P ds may be goeasad ip thﬁmﬁaatia The properties of
cal i bratl on accuracy. Since water has a high
the pagkaging; rpatesiak thati ia nosmellyl vaeddn paskaging the IChmay change over
packagi ng material tends to increase the dielectric

time.cBhe cianges pay lcayse @nnascitlatioh frequent) of aﬁQﬁi—bﬁls%scﬂlQﬁJr to drift
packaging material may also be a [ow stress rmterl al

Voot eSS, 43 484 he Wl SbaBLf g it
lossPif theHEKBGInG Bl bFSHME: THE Hifides in the packaging may also be
due to water absorption of the packaging material at different humidity levels. As a
result, the packaging material may limit the achievable calibrated accuracy.

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

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

time, which may have an adverse impact upon calibration accuracy. As used herein,
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herein, the termlow stress refers to packagi ng

materials that tend to be stable and not change the

el ectrical characteristics of the integrated circuit

due to changes in stress. In sone inplenmentations,

t he packaging material has a dielectric |oss factor
to, Tefl on at the

the§ @h&%@@ﬁ’ﬁ?ﬁéﬁi@egﬁg L?eérﬁagﬁ gﬁlf"%'um?f eyengally: produpes a rise in

t 1 . lAcfg [8_1%Referri.ng now to FIG 21, an

e”i'ﬁﬁfgé&'% @ @electiic placed ip en alierpating stectrigatifieln dHetting is due to

. oscillator 711 with tenperature conpensation is shown

melgeulps (friglien! of rdipoipacwitjnnthemahaterial a&lthd aipolas 2y A reorient
dielectric |l oss according to the present invention:.

thefitselvescivityithe oevilkiting! (elektricaly i8R 8f M Hddert hAd! ES example,

material having low dielectric s. As use

B SHG Eh8 i, SR il i, the oo

e | rel eyant operatin frequency of the IC

vib eag‘ﬁeﬁtﬂaﬁf‘é&?-r &%%E%%WH'F@Ch@%Wme niastics are@at suitable for

and/qr 2.4 GHz. The packaging material 714 may al so

US& hpri¢rowares| §Ree theyrabsen( too much heat. These materials have high
. PolyChl oroTri Fl uor oEt hyl ene (PCTFE), Teflon(r)

dielpstricotss) chacanténisticed @thgt anateris RitcANgs CSRB}H M?Eé-s f plastics
(FEP), perfluoroal koxy) (PFA), Tefzel(r) and Tef on(r%

expevipnty niittle oF Abhyeatigg.an THK/e® T i
pevienty gg.andrigd gﬁhg@g@&ﬂ@ﬁde GwhF é;ilgge'ctnc loss

| ow dielectric | oss plastic, hi gl ass,
a6t il hegingRat §fd » . kaqi teri )
RSt ol s, e Srdui ks8N REIT A Sravele: 3t gnicrowave
I | ated. T kagi terial al
freRnch, B oRftiER S Barenabcatetimdon. [o111) -

Referrjing wto FIG 22, an exenplary inplenentation

of lﬁﬂébfi nB&&F%& apserptien; of thek pipsticl nritarial2 bves trhewmay also
in further detail. An integrated circuit package 718

adversaly dmpash dalibeafiont edcuracy.i (Sifee whtet HdtClauBimh RAGSCtric loss

. 728. Leads 732 of a lead frame 733 are connected by '

inclieanediwater LoAtem ihthensatkaghiy Aiatéhd 1ehlEb3hEbase the dielectric

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

as greater than 1GHz.
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circuit. As can be appreciated, the integrated circuit
i ncl udes an on-chip sem conductor oscillator with
t enperature conpensati on as descri bed above. Portions
of the | eads 732, the bond wires 734 and the
integrated circuit 724 are encapsulated in a
pac hho I 6 ckagi.ng material _736 may i
be gﬂqgrasgpi% %%Q@Qé?%’nt& Hatfe'eﬁ?'a n %H@grﬁée‘i eyt E1@with an on-chip
0SS, can. be reciated, other 41 types of
'se’b%’ﬂgtjéﬁlj °§B‘Hﬂ"°5§ qﬁaﬂ" h &mee@tu@cqmmosatr%ni ig shown encapsulated
. and/or any other suitable packaging technique may be
In 3 RACkAging material Zidbbavimgna lewddiztectrid duss hb@drding to the present
precede or follow [0112] Referring nowto FIG 2Z3, an

inventicn.nThe pavkegingt Meterial 44 n@cw%ﬁglagﬁ@ Bh@l@dﬂﬁ&?ﬂ&@ﬂal having

on-chi p, tenperature-conpensated sem condlct or

lowogielddtrid fiss/ AL us%{cﬁﬂéfgiﬂgtﬁeo%rﬁfg&g@@?hrﬁ I\égg't ige?{%fs {onmaterials

thi s enbodi nent, e senicon
j [Jat d cjrcuit inductor _742. A gl ass
e R UESERRS o ek SPsntran ot egiial fu enen gt @ relevant operating
st r gt 0 .ysing a very thin epoxy |layer 750. The
f“”‘i“ﬁ%&?)’ 96*35%36- 7131? ﬁﬁvaﬁagér%quwmfém@dﬁs may be sbovEhe GHz and/or
gl ass layer 744, the epoxy layer 750 and the

247 RHgr atlhe qackagings omateriak 7 744(nay ealsocepmphisé etefion® Teflon®
packagi ng material 760. In this case, the dielectric

PolyGhloroTriFlnergithidene N PCITRE) al Thflor®s @i y 0
t he di stance bgtvveeg(the i?]'ductéﬁorﬂ 743821%% t(I;fgjan"mmt ethylene

propfehaipalymére (e F8huoBIekp] o7 49650 st P copoymer

dielectric loss a er C

of SRR A% BrstlcPootylane! (ETHES Jatidisleffiorieee; piastio drigh qualty
material. Wile the glass

gla%gﬁér%}‘rcgbgl ﬁ%%@allgﬁgn&qth%pa@has@gamﬁﬂals bavihg diglectric loss

lass layer may be limted to a snmaller region
tha?l"ﬁﬁé&? é'i‘%'l‘ Pr £9uaktnT efion @ne conternplatetlicThe peokabingt Material also
[
may havg relatively iow wiater absorption.

0113] Referring nowto FIGs. 24 and 25, an alternate

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

plastic packaging material having low dielectric loss. As can be appreciated, other
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package i ncluding an on-chip sem conductor oscillator
according to the present invention is shown. This
enbodi nent is simlar to that shown and descri bed
above in conjunction with FIG 23. However, the glass
| ayer 744 defines a cavity 746. The cavity 746 is
| a ' A oyer t .
typBS A FRRkadflg SHhUFball'ghl) i, BISRL i 2hiRiandr.can ather suitable
' ctor 742 and the glass |layer 744. A thin epoxy 42
pa#@ﬂ}g 3%?1"}'9”? dPﬁx\édg%e?W@E}Yeah@ dhiss emhodiment; andfat others that
thg in%ﬁprated circuit substrate 740 in areas other
PreCRAA Of MllOMayi ty 746. The gl ass | ayer 744 may be etched
to define the cavity and dipped in epoxy. Adjacently,
thel0dnaks |Referringayowntd &G, 28| ahpalternby fitégrated? A&t package
and at | east one |layer has a cavity forned therein.

738 (ndlddeReie bhi ,nféihb@raﬂ@cio%ﬁ;per%a?&?as@rﬁig}ﬁﬁ@céﬁn oscillator 741

on-chi p sem conductor oscillator may be a
; & e C nsation as,previ ousl .
o R LR lein” I ool e aserondyrereoscilator
her _ways of, adjustin the oscillating frequency
74%‘5‘8@@%%%?19 ' tﬁamfgﬁ ﬁlgwtt ﬂ@%{% “pabiglass layer 344 is bonded to the
i nductqr of the sem conductor oscillator. [0115]

int%;@prqiwgithtrgt¢V@ using arverry thigrexioxy layercr50. §8@ epoxy layer
a

includes a fractional phase | ocked |oop 831 with

75Q maydave.s lowdiefectriaitssn Thenylass [EHyer 744 2 %ﬂﬁg IR0 and the

| ocked | oop 831 includes a phase frequency deteéctor

inteRedtetiutuit sbStatesT ANakbiitpslatdd' 4 BEBREANS ThaLAS Ydo. In this

oscill ator 832, which operates as escr
casEthed Bt r nerates.a ,
di fferent |t|g(f rasi“lggna ed%é%ééﬁlgnr%gﬁqﬁﬁse[egﬁc@hs@k die tp the distance
fre nc nd a VCO frequency. The
betﬁlﬁ{eﬁ itfég ﬁ}%lugforglﬁgrﬂfd ﬁ‘-@ RARKAGING: materigh z%ge Tihengfor Gharges in the
diel3Y ut of tl7e charge punp 840 is input to an optional
lelegtls loss rand/eathenrcharegierisiiss ofithe packagingematistial i760 are less
. nput to a voltage controlled oscillator (VCO, which
critigales atfesctionvatimet pdowbesr, tige packaging material can be low dielectric
loss material. While the glass layer is shown over the entire integrated circuit, the
glass layer may be limited to a smaller region immediately adjacent to the
semiconductor oscillator.

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

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

cavity 752 is formed between the inductor 742 and the glass layer 744. A thin epoxy
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frequency that is related to a voltage input thereto.
An out put of the VCO 846 is fed back to a scaling
circuit 850. The scaling circuit 850 selectively

di vides the VCO frequency by N or N+1. Wiile N and
N+1 divisors are enployed, the divisors may have

. es, . 4 0116] An output of the scaling
lay8f ?gg”%/ ?‘%’E’E?‘f ?eg’\é%?'b olags faxer ot and tthe infearajed circuit substrate
aet ector 836. A tenperature sensor 850 neasures a
740 inpeaag:ather Ban the cavity 7¢bat Ehie glassuayerSBt imaytbteetched to define
h regi on gg?g the 1C oscillator 832. The tenperature
&s ety asd Aippeg in sepoxy e nAdjarenty, tHedBRlsst Bobr | i
to address calibration i njfr or mat?i on gSSSSt Eg%r rs%ygtﬁ]gglgg multiple

layers ofjiassy afdd Gt 'eBﬁ%ﬁsl'fﬁgﬁgﬁ‘%%M@_@d#ﬁ%%@m ion is

used to adjust the sca | ect ed

G AL R SRERATPP AR 34 5 Sapsdi s fin g semiconducor

' 1t 844. [0117] Referring nowto FIG 28, a
OS@E@};_@%%}& Pb&’@g‘?%r'i’éﬁegﬂm teEwerture somgsBsatiors laswpreviously
fo an integrated circuit 860 that includes a
dest“é\rﬁ’ﬁ aboVee A eah basappretiatedp however thetecarceasther ways of adjusting
calibration information is used to adjust an out put

thegrsalllating feeqeincy indeheraiont frofDadjletng Qh@%&Fé’citor and/or inductor of
calibration information may adjust a  nodul ation

thelseinieemdudier gsailistef S N and N+1 that are used by the
scaling circuit 844. [0118] Referring nowto FIG 29,

a fﬂoq%}éharﬁe%?,g?é Ldﬁl&ggﬁﬁ%lgiué?ﬁ%%agq%g@gg iqli},rcigizg&o includes a

sanpling call

i L0 lgorjthmto nerate the calibration data.
frac@gh%t gﬁgagggg’ﬁke%%ﬂps@gﬁ Vitiv a tempeegupn Lompensation input.  The
asglrpgs sanpl e calibration points at a plurality of
fragtioRgk Phage dockes) leep B3odcludera phase viredudricyndetector 836 that
algorithnms are used to generate curves for other

ot avgubaniho sy st SRIRLG0 M whey e o
described @bove. 9T7Re iphkaes fredibRsy Sbfitor 836 generates a differential signal
based on a difference between a reference frequency and a VCO frequency. The
differential signal is output to a charge pump 840. An output of the charge pump 840
is input to an optional loop filter 844. An output of the loop filter 844 is input to a
voltage controlled oscillator (VCO), which generates a VCO output having a
frequency that is related to a voltage input thereto. An output of the VCO 846 is fed
back to a scaling circuit 850. The scaling circuit 850 selectively divides the VCO

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

have other values.
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measuring sanpling calibration points and using higher
order curve fitting algorithns to generate the
calibration data. The steps shown in FIG 29 may be

i npl enented using a conputer that includes a
processor and nenory. Control begins with step 902.

924, control asures sanpl e calibration
Lgiﬁ‘g%l\t 2P 'aPtQPf)t%fn‘g‘P sgaling: Rirerit 8pds fed baek to the phase
926, hi%her order curve fitting algorithnms are used to

frequancy datectan8as Ademperaiure sepeorn8s enqiungs abtehypsstature of the
the sanple points. In step 928, control ends. [0120]

intggsated: cinguih @80t in HeCregidA MEdrCthe! 1T | 4¢AIateBBL 2" The temperature
i mpl enent ati ons of the present invention are shown.

oo oSt rauputs o Sitperdi, Ui, A TLsBTE' HRAEE ot

be inmplemented in a'ha . t 0. Ihe Present
infcfHefBh 8 {§BY 1 EBISHT ety Sl it solestegmlibaion nformation s
jrcuits,  which are generally identified in FIG 31A _
usegit {01%@5?’{ thescglipg Q'rﬁgg &8Bnt bite salectadhealibrainn information adjusts a
rocessi ng and/ or control circuit 1002 and/or ot her
faﬁg iq? ghu# diyisarsN amdbMil that anecusenibyl de0somiing pirogie 844 dat a,
perform codi ng and/ or encryption, perform

call6An3} i orRefeming now ty FEG, ¢t @ D'éﬁé-S@mQUﬁ'é’éﬂon%g Phase locked

and/or received froma magnetic storagée medi um

loop 0854.. i EhéwHD?brlgéﬂo rﬁ@%%&@%oﬂﬂﬁo@]qﬂﬁé a temperature

i
devi ce (not shown such as a con'lpu:j_e ol et stant s
i Vi as personal. digita s,
corfiSes ngﬁq?) ohe@?é ﬁélgfé%docf‘alﬁﬁt?% %nga%gﬁ?: Snﬁg:i Itp |agljust an output
t.her deyice ig,one or nore wre ) i
of E\‘/amgfdéﬁés[ge'{j%mﬂﬁ’ﬁﬂ)%% g%& ﬁ?h@k%e@e@g. cafipeatiapDnfooGtionymay adjust a
npected to nmenory 1009 such as random access menory
moq‘flﬁ-a n bepyeentherdiyisaesiV @ndt N+ ¢ thatare uged whhes_céli@bircuit 844,
menory, read only nmenory (ROM and/or other suitable
el 401 %/thi c Refering oowgte FIG. 29, a flow chart 900 illustrates steps for
measuring sampling calibration points using a linear curve fitting algorithm to
generate the calibration data.  Control begins with step 902. in step 904, control
measures sample calibration points at a plurality of temperatures. in step 906, linear
curve fitting algorithms are used to generate curves for other temperature points
between the sample points. In step 908, control ends.
[0119] Referring now to FIG. 30, a flow chart 920 illustrating steps for
measuring sampling calibration points and using higher order curve fitting algorithms
to generate the calibration data. The steps shown in FIG. 29 may be implemented

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

902. In step 924, control measures sample calibration points at a plurality of
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[0122] Referring nowto FIG 31 B, the present
invention can be inplenented in a digital versatile
disc (DVD) drive 1010. The present invention nay

i mpl ement any integrated circuit such as either or
bot h signal processing and/or control circuits, which

erglly i tified ipn FIG 31 B at 1012, and/or
terﬁéggaq@%?a "%ensggé]vdﬁgh%ﬁ ofaes covs fifting @lgaritbmsTare used to generate
signal processing and/or control circuit 1012 and/or
cupyeRdpr ethesdemperatare pointanbeiweerhiheR4mple Iibiney IPr 968 928, control
data, performcoding and/or encryption, perform
endal cul ati ons, and/or format data that is read from
and/or data witten to an optical storage nmedi um

Loifotio) soRstermycTaGieL 7% FSRC SHASG P! SRR prompiay

and/or control cifcuit 101
i ﬁ'Yimta' n _also,perfo ot her
'm?lgn ct | oﬁn@iﬁnpﬁese% i’gY?C@'%%'F&'P%}: oé&ﬁj”ﬁa doy toaRlS. 31A, the
re%{g%?r' s%irgnal gr cessip functions associated with a
P dRY]/BIon gan fe the tedi ipeailand disk duvent0fat eThe present
wi th an out put device (not shown) such as a computer,

inveptiaR | iayn insplement r anjevintegrated  ireuibrsuthr aswieltRer & both signal
wi rel ess communi cation |inks 1017. The DvD 1010 nay

prapessingi arat/er curtiol kixesits, deHich e Eaa&rahgl&ﬁtﬁéh inFEES1A at 1002
data in a nonvolatile manner. The nmasS data storage ’

In 6@ ' atiaisfhr ' ._The, HDD
" Rave | maorIAteRs e st Hiotas BRER conitL SiguTrifp2 andior
Agf Mo e or nore platters
ottRE sltoe gl sHablFin st HBE" 2008 s e B oererai gpding andior
«. The.DVD 1010,.may be connected to nenory 1019
en%rgéﬂoraspe%‘/ﬁw '?éﬁh?'a#'%%l%wc@fwahdéﬂaawﬁt is m’mzlt o andfoh received
as flash nenory and/or other suitable electronic data

frogy 3, magnetic siorage mediymi H96aow to FI G 31C, the present

invention can be inplemented in a high definition
t el BMi24] on TORDD HAR0. miBlyecamenitatd WHANA iRt WeYice (not shown)
r

i npl enent any integrated circuit such as either o
sudoas ascomplitep] MoBAE IdbinpUtMigdevices such as personal digital assistants,

cellular phones, media or MP3 players and the like, and/or other devices via one or
more wired or wireless communication links 1008. The HDD 1000 may be connected
to memory 1009 such as random access memory (RAM), low latency nonvolatile
memory such as flash memory, read only memory (ROM) and/or other suitable
electronic data storage.

[0122] Referring now to FIG. 31B, the present invention can be
implemented in a digital versatile disc (DVD) drive 1010. The present invention may
implement any integrated circuit such as either or both signal processing and/or

control circuits, which are generally identified in FIG. 31B at 1012, and/or mass data
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control circuits, which are generally identified in
FIG 31 E at 1022, a WAN interface and/or mass data
storage of the HDTV 1020. The HDTV 1020 receives HDTV
input signals in either a wired or wireless format
and generates HDTV output signals for a display 1026.

stordey 87, VIS B ORYC e $8Ba1 Brctiassing Aaglog coprot aicuit 1012

h . the HDTY 1020 nmay process data, .
anéfé?t]ogf’%%éqt%ob\q dm éhg PMIdA019anay process data, perform coding

cal cul ations, format data and/or perform any other

angl/pp @nsryphiDT\ Peiferse Salaulations; amejortfermet)dateethat [i9#65 from and/or
The HDTV 1020 nmay conmuni cate with nmass data storage

dataOgrittert trean epticat storage rmadian90¥®) f 'sbﬁmerfﬁﬁ\mfm efitafiBnéShe signal
opti cal and/gr rmgnetbi c storage devices. At eas? orle g

. i ' .0 El 1 ;
PSSP AL AR AT el d o) i v o
- a
1OfGEH 2 4o s a1 B2 Bk lcpaing andior any
is.smaller than_ approximately 1.8". The HDTV 1020 may
othgéspgﬁLgrgpggslpgf apsogiatactwith @ DMBE\riveOM | ow
Iatenc% nonvol atil e menory such as flash nenory and/ or

ot hi123k i tEe DA deive 010 nhayacohmuaiate With AHOBN AN&@vice (not

al so may support connections with a W.LAN via a

shown)wsudh stacongsutdf 28leisiSr Gr MABEdeVite VEYLAE JF rﬁgrae wired or

31D, the present invention inplenents any integra

wirless WommiInRafidh ks FOF SR DV AN iyt O3 it With mass

i nterface and nmass data storage

i mpl enen ions, the present
dath ¥oiele 1B 7L sloeS 355 LB i Al esines Fhermass data storage
at _receives inputs fromone or nore sensors such as .
10{ iisisls E‘Fﬁﬁdé %é}%@@?k prive {HBD)s efberdDDr oyt hiaweathe configuration
sensors, airflow sensors and/or any other suitable
show inoF IG. 24dY. oT he iRD geay batzemini DDchatimciidesidne or more platters
control signals such as engi ne operating paraneters,

having astiagwternthat is smaller than approximately 1.8". The DVD 1010 may be
connected to memory 1019 such as RAM, ROM, low latency nonvolatile memory
such as flash memory and/or other suitable electronic data storage.

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

display 1026. In some implementations, signal processing circuit andfor control
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operating paraneters, and/or other control signals.
[0127] The present invention may al sa be inplenented
in other control systens 1040 of the vehicle 1030.
The control system 1040 may |ikewi se receive signals
frominput sensors 1042 and/or output control signals

i tput. 47 devices 44. | n sone

citit P22 Al oS ettt ot e enieckB TNeg o8t mpyr process data,
f an _anti-lock braking system (ABS), a navigation

pe:iz‘?@ &oding apdigranceyptions perform calnulatiens,tfermatitiatsand/or perform
system a | ane departure system an adaptive cruise

any gtherdype pE HEIRV processing ltkatembgieafoqirad, Syst em such
as a stereo, DVD, conpact disc and the like. Still

ot h[0125)pl eThet HDTYNSOZD thahP BORTRLALSE with 13ds & storage 1027
ate W

powertrain control system I032 may cgn?un! C
d I RSI at.a in . _
thamgrglsaﬁtigeﬂngnner dé?ﬁ% ﬂtln%@erzéﬁé'?%ts&%t&fl a['géﬂﬁ' l}iﬁlggnetlc storage
' [ [ ices for
deliBEe oL e 578, B0 Ry B Be Cortiosralivciows in EKSI31A andlor a
ope H have the configuration shown in FIG 31A
'eaéﬂay‘% ERQBH %@&%@V@ iee ponfighratina ahommeincBi@.i 3B, aTherHDD may be a
shown in FIG 31B. The HDD may be a mni HDD that
minifPOdbet includes ove orpharet platteha Wavingaa dizHiter that!i8&maller than
? N

is smaller than approximately 1.8". The powertrai

approximatelys § 8t e MThe33DTYY1 (2D n?é?sﬂBSCécﬁfgntel B ekt é:?@ﬁ such as

such as RAM ROM |ow | atency nonvoI I e trrerm_ry data
h ' el ectroni c da

R oo I TG HerbicRle e ety ??zgﬁem ?\g@@ pghdor other

. necti ons Wi La a ne , .
su@%?@g&r@ﬂ%@%& s?wgggo%eglﬁ&ﬁ}s{l égﬁ alreomay pupper connections with

i ncl.ude data storage, nenory and/or a WAN
avi”rf%@r"f%é@@“ NeRyoris indarace 102%9]  Referring now to

FIG 31 E, the present invention can be inplenented

i n [3126] | ul Befering @oR0BOFIG.a81Duhé esselt itveittbhUhiblements any

antenna 1051. The
integrated circuit in a control system of a vehicle 1030, a WLAN interface and/or
mass data storage of the vehicle control system. In some implementations, the
present invention implement a powertrain control system 1032 that receives inputs
from one or more sensors such as temperature sensors, pressure sensors, rotational
sensors, airflow sensors and/or any other suitable sensors and/or that generates one
or more output control signals such as engine operating parameters, transmission
operating parameters, and/or other control signals.

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

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

signals from input sensors 1042 and/or output control signals to one or more output
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present invention may inplenment any integrated circuit
such as either or both signal processing and/ or
control circuits, which are generally identified in
FIG 31 E at 1052, a WAN interface and/or nmass data
storage of the cellular phone 1050. In sone

de%i&é% 2!%% 2“1%(2@? i@ﬁ?eg?ﬁtlgffcl)ﬁ% tggfqgﬁ{r% ggg@égﬁw&;ag be part of an

ker ,and/ or, audj o output jack, a display 1060
anﬁﬁéﬁsﬁ%&na Sslem g@%@ navigation systems & telermatics system, a vehicle
poi nting device, voice actuation and/or other i nput

telgmptice systamsagiane qepartssisygtemdanr adupiive Abruiel 68hHS system, a

1052 and/or other circuits (not shown) in the

vebiele entertajriment s\8téin Bakh RisOf Sfeed aHED, ESHp%gfr‘?irT%? ‘yggtgtge like. Still

and/or encryption, perform cal cul ati6ns,

ottardmelemenik r phone functions. [0130]
The'h?el | ul a?bﬁgﬁ&esq’ggﬁdr%%abommni cate with nmass data

st ofaisgy 1064t tores data in a nonvol atil e manner

sucF1 as ]opt ﬁ‘@gl &g‘&%&gm ﬁ%ﬁﬁé‘t systeny; 134y mayecorpmunicate with mass
X le hard disk drives HDD and/ or DVDs. At |east one

daﬁ%@%qﬁgg dhetoresriata in & nenvalatiermanneFl Theimss data storage
and/ or at |east one DVD may have the configuration

1088 gway iiclpde; optivel amtior HbBgNaYc Istorags dividdaDidrhatample hard disk
i ncludes one or nore platters having a di aneter tnp]at

drives 1D land/ohBWDap PAP IEaER bRYHDB may The il Jrati :
phone 1050 nay be connected to g%ﬁy@&@%%@%@hon shown in

FIGABA A RAd/of QWIéag} %HQVDXDOHI\é :I‘?ﬁ\{ﬁ' @e%@éﬁu@haﬁé\gn in FIG. 31B.

flash nenory and/ or other sdita
That one, 1050 al so may support )
N 08 iay Hea it M ARAIRG eSS e plattens tevingea diameter
68. [0131] Referring nowto FIG 31 F, the present
th#ﬂ%é’ﬁ‘?[‘%@rﬁﬁ%ox'mﬁx et ed Nerpawertrain contiob sy$1889 1032 may be
The present invention may inplement any integrated
connected ito Mmemosy 1947 hsuchoas HBAM, SROM| lowr laterisy AGnvolatile memory
and/ or control circuits,
such as flash memory and/or other suitable electronic data storage. The powertrain
control system 1032 also may support connections with a WLAN via a WLAN
network interface 1048. The control system 1040 may also include mass data
storage, memory and/or a WLAN interface (all not shown).

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

implementations, the cellular phone 1050 includes a microphone 1056, an audio
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which are generally identified in FIG 31F at 1084, a
WLAN i nterface and/or mass data storage of the set
top box 1080. The set top box 1080 receives signals
froma source such as a broadband source and outputs
standard and/or high definition audio/video signals

i t €t O dj ay 1088 such as a television
°“§*ryé/@:§8n%‘£n %? a 5@3%1%/ O Audio\quiRet iagky ardisplay 4060 and/or an
. OI{%t d%éges. The signal processing and/or control
INRYE qaYices 186 sush @soa kevpad, pointingt devicetvaite aciuationt 4rid/or other

set top box 1080 nmay process data, perform coding

inpuit glevicee nthey sighahnprosessing rancibreedratol eRGuits’ wﬁzlbndﬂir%% er circuits
and/or performany other set top box function. [013?

(ncthshaven) inotheboeliulABBhaRy EBOTHIEC Bl %t%f‘ﬁ?refgﬁﬁ %oding and/or

storage 1090 that stores data rn a non

| oo i ncl ud
enOIO iﬂgg'l pgﬁd i mﬁ%@%t@@rﬁg géP%%V%Spélg&mgéw gellular phone

fuﬁl:%ﬂ di sk drives HDD and/or DVDs. At |east one HDD
may %‘ave the configuration shown in FIG 31A and/or

at(}ke@i)&3 on_f] DVD nay have the configuration shown in
=Re T Benéﬂylaﬁailone 185@imay emmumicatewitiifass @2 storage
or nore platters having a dianmeter that is snaller

1084 dhatystoresi dataeiny aln6fivoldtie seinnePRBUBAXad Wi ,
connected to nenory 1094 such as RAM Raoleﬁ?l(r):\;!quéanor magnetic

storagee deyices forobaimple Rk SHESS ﬁig)lj LAgibr D9RE! %At least,one HDD

and/ or other suitable electronic data Storage.
Haved r ctions Wt W.AN
e e Ay nafieRon RBNDTHETG” $18ENATS A astine Y Rgnay have the
resent, . j.nventi on can be
cor '%‘?%ﬁ%@c}”’? ?{’G’é"i&mh@@- Sﬁsﬂéﬁﬁ 178 bea mipk BBBhthat includes one or
invention may inplenment any integrated circuit such
moxR p%?m F'aY)‘Fglﬁo@'ﬁ"!ﬁt@hﬁ!at fsr eypalterithan appraximately 1@". The cellular
circuits, which are generally identified in FIG 31G
phepe 106@, may \nesonnecied 4o enemdtyor 066 ssich A RAN ORTM, Rl latency
t he

the nmedia player 1100. In sone inplenentations,
nonuaihtile phegnary such as flash memory and/or other suitable electronic data
storage. The cellular phone 1050 also may support connections with a WLAN via a
WLAN network interface 1068.

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

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

audio/video signals suitable for a display 1088 such as a television and/or monitor
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1100 includes a display 1107 and/or a user input 1108
such as a keypad, touchpad and the like. In sone

i npl enentations, the nmedia player 1100 may enpl oy a
graphi cal user interface (GQUJ) that typically enploys
menus, drop down nenus, icons and/or a

i N= ' interface via the display 1107 and/or
angfRy ?"?%%‘?é‘;ﬁﬁé’.”ﬂ@m QYIPHEAPYCSS. 4y Be siarimd pregassing and/or control
.in%:_géj@i an audj o output 1109 such as a speaker and/or
CIrcH] apeforjatber. ciavitss(ngh shownp o€ ¢t sgt topdbex 1080 may process
control circuits 1104 and/or other ~circuits (not

dats geetforar codimgmadd/er péreyrgtioh] Oerfeim RHapifftord2¥érmat data and/for

perform coding and/or encryption, perform

pe:fahnuhyb’thmsset&@;; B8x% fisidtisnand/ or perform any ot her
nmedi a player function. F0134] The nedi a player 1100

i i t . 1110t hat
a2 T et 0 R ot il Wit dBess data storage

| lati| e |
1006 3 Riateh Pt M ¥ otuplafle s, o oS raessctacstocage 1090 may

. files that are conpliant with MP3 format or other
Inclige; opfical aprfnrosanneticstasage devicesviod exafmpletiard dEkedrives HDD
mass data storage may include optical and/or magnetic

and/opA{s. ddivleast dner HODRME haes thdi SdnfRfl .
and/ or DVDs. At |east one I—)fDD may have @Féejﬁﬁ Shiwn in FIG. 31A

and/on&t et oherDYDoWRY Have!the AiGBRMN siva 57 FlG %8%R. The HOD

DVD may have the configuration®s

malyDe ERhiRCHBO it | md&?gcgne{ ﬁgb#g%sg fiers havigra diameter that is

platters having a diane

j .1.8". The i a | ayer 1100 may be
sm?@%@*@lﬂ?@*ﬁ?@%@ﬁ%@ 187, dihen sab teNROXRAABO | may | be eoopected to
nonvoI%tiIe nengéx such as flash nenory and/or ot her
MEERTY 0P k8 JRAM, RPN, Iewdatancy Mtrvakatile amemeresuch as flash
1100 al so may support connections with a WLAN via a
MemoRK angiarcpthier sudablaceletitdric ditalstorigeer The set top box 1080 also
ve

i npl ementations in addition to those described abo
mayisapparh tenpeetiory. with a WLAN via a WLAN network interface 1096.

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

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

and/or a point-and-click interface via the display 1107 and/or user input 1108. The
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[0135] Referring nowto FIGs. 32A-32D, an integrated
circuit package is shown that incorporates an

anneal ed gl ass paste or epoxy as a |layer and/or
"islands” adjacent to one or nore selected features

of a silicon wafer. One or nore "islands" of the

aste or epoxy Jayer can be made on
’“eS’EHP ﬁ%ﬁg 13@2’?@%? "'\&B{‘{?s %@Fb@llmutﬂﬁé’gswth@ma speaker and/or
fer. In FI 32A, an alternate integrated circuit
au‘éﬁc‘k‘&ﬁl&'{ 1%@%h%§uale9rcme§singc and/onf cantrbl @iFcuitsn 1104 and/or other

anneal ed gl ass paste |l ayer or portions 1206 is/are

cirguiisn¢sot sshawny eff thiec media fptayer2 0400 Ané@'pi‘bé&s”&ét%{, iﬁﬁérfonn coding
e

1208 may be used to encapsulate all or part of

andfof ienoryptiohe pedd®d calblfRitidREE fdrfitht Yats %nﬂﬂa?tp%tréo%?é%gther media

1206 al so reduces the change 1 n stress over

lag8rRMcAgn 9! ass paste layer 1206 tends to isolate all
P g? part of the silicon wafer 1204 fromvariations in

t hepn4Qi,el ectric properties such as dielectric |oss of
t he[(’,}%ﬂﬁ i ng*hﬁl’%&i'ﬂlp?ﬂyﬁé'."q%m compmusigate withwmaes data storage
11,&%04 {mb% i ncl ude a sem conductor oscillator as
dhat laresoslata sueh asneamnregsads sayttis t and/ey aridd@ Ofontent in a
may include a glass paste having a relatively |ow
norguq)(a;ae

B¢ imannemp i someeimplimentatichiah &% icBehgresaRy Q&B’ibefﬂes include
may be |lower than a tenperature that woul d danage the

files thatcare -eavhpliarkith MP® ? Zorgf‘lgl?g %ulté’liflgrq gsﬁgi aygio and/or

include glass frit paste. pa
idéd Pdrinsats, | S WY r. Th | as te |ayer
O Bt 12 s ke i aGR i nclyiie BB Arilrmagiictc storage
eler roach, ..a maski ppr.oach, and/ or using any
de\@‘%%?ﬁ%ﬁ?m? garda‘ﬂfﬁif gﬁ&?ﬁ @ﬁF?qrrp\l@G Agtemst ane HDD may have
h al te\; nate i ntegrated_circuit package 1210 includes a
the . gopfiguratien nshawn dn FlG:eB14r andiari aty la&st2ohéaDVDs may have the

applied to the glass paste or epoxy |ayer 1204. The
configtation showmineFIGil 31Bay Ehe 10D miay bies hisieHBD M€ inciides one or
1212

conductive epoxy. The conductive material |ayer

moreaplattersahavingd diansetér thiat & SATAIIBE R approximately 1.8". The media
player 1100 may be connected to memory 1114 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other suitable electronic data
storage. The media player 1100 also may support connections with a WLAN via a
WLAN network interface 1116. Still other implementations in addition to those
described above are contemplated.

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

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

the annealed glass paste or epoxy layer can be made on portions of one or both
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The conductive material layer 1212 may incl ude
conducti ve epoxy paint. The conductive material |ayer
1212 may be applied in any suitable fashion including
di pping the silicon wafer 1204 into a contai ner such
as a dish that contains the 52 conductive material.

lhe ctive teri er 1212 tends to reduce

s'dége%ftqﬁggﬂi?&é‘n‘%%ﬁ ffmr‘@#f 53 &B gliegnate iniegrated irtuigackage 1200

. Aéﬁgggiln FIG 32C, an integrated circuit package 1220

n slicop wafeih #20Q4.e Anqannealed glass| paste 120/20 @y paticHs 1206 is/are
is applied to selected portions of the silicon wafer

formegls on| ther|stlicon2afem 1204 cgratradidirig mtérialaqmeenﬂafﬁe used to
i ncl udes the anneal ed gl ass paste or epoxy portions

lstedall b ' iRl 25412 LYS
endafsu g‘aﬁnﬂﬂiﬂié YficoR Wpafed 12?’311 Erpel %?ngé%{ﬁ‘éﬂ%%‘éqaste layer

material 1212 may cover the anneale
i t [ touchin e silicon fer
1298 o0 fesosn R B h BFee NEF e s TS tpeaied alisairast layer
hat t.ed cjrcuit ackages are show, In FIG 33A, an
12g¢1tt§ﬁﬁ§tt§ 'Pﬂ{aif‘gﬁé{t %rdBEFtrQ the silicragwarep 41204 froinudkagiations in the
he . anneal ed gl ass paste | ayer 1206 and the conductive

dielgatic peapertigssucivasdielagitic lossraf the cwilding matariant 208
circuit conponents 1242 of the silicon wafer 1204. In

FI J0188B, amhelsilizonavafer M2EY Aa5CinEiubHE U fseﬁﬂe&?&%ﬁ@é&iuamr as

i ncl udes the anneal ed gl ass paste |ayer 1206 an

deseribddcabov. "H'hérérﬁ‘iealiél'&g ?{)&\rs%é{sée \({)‘%Ue‘?‘hl ﬂﬁeﬁagglﬁg@ép A glass paste

adj acent to an osci the™si
havid . | terpate integrated
435, A G oo ok Ao s may
r,.1206 and conductive material |ayer 1212,
be W%’ﬁ“ti’?'\ég tF’é‘@&Eaéeraﬁ]age'@?@d damage theusitieon wader 3204.ndhe glass
%Jlicon %ﬁ%er 1204. The inductor 1262 may be an
pa ﬁ_l@yﬁrpm @y daclude glags fit ppsieal Thenglass pastd tayer @nay be applied
., 33D, an alternate integrated circuit package 1270
In amycsuitable mannannthe gthsyl maste kel enayobye BppR&PuSing a screen printing
~ approach, a dipping approach, a masking approach, and/or using any other suitable
approach.

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

conductive material layer 1212 may be applied in any suitable fashion including

dipping the silicon wafer 1204 into a container such as a dish that contains the
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conductive material |ayer 1212, which are | ocated
adj acent to oscillator circuit 1272 wth an inductor
1274. 53 [0141] The anneal ed gl ass paste | ayer al so
tends to reduce the change in stress over tine that
can occur. The anneal ed gl ass paste | ayer isol ates al
t of .th ilicon wafer fromvariations in the
coﬂ{i%@@f& ﬂaiefml-ogléﬁ?if@@dyeavﬁ Aaataria) layer i1212ctendsfto nedace electro-
| ding material. This can be particularly

no
m IGitgEBIRNCRHEIM axtermet decesy cal i brate using

tenperature as described above. [0142] Referring now

to E138] 34/ HG. 3PCeramtintegrited’ sirauit gia"ckﬂgé 1220 includes the

packages are shown that include anneal ed gl aSs paste

annealedrglas sistedaye 1306 \Hhidh id 'a??ﬁ%c?]’go %Hégfgcr pb@%ﬁrs of the silicon

that create an air gap above po
I 34 A integrated circuit packages
wa\{%gé%d‘ﬁdn'lg TR é@éﬁé&?ffﬂa &H%“&&F’@Faa%diﬁb ingleles &ie annealed
l.a aste portions 1306 are forned on the silicon
olahsr Bt oRoxy Hestions 1408 andethe icomguctive ThatetiaP 1212.  The

ﬁ&;” ons 1306 WH‘P/ be formed as descri bed above. A
CohehclivRgMAarial i 4121 308y reayebdhe smheaRab glausopastsl RYeP™206 while
the AGP portions 1306 may be performed such as

toyehirigsor maj touching éhie sliepn wafep1204. de a pl anar outer
surface. [0143] A glass or silicon layer 1310 is

sup d aRefrihg e ndlv 180T |BRS 8334 he A .
port[nilgr?g 1306. Ep%x;r) yr tgt Eé%’a%sélé\s@%bpﬁ%ﬁ%ﬁge |%grated circuit
ass or silicon

[ e nu atta t he gl 010
pal a&erS %gelg‘ﬁ tx‘c’)Pt hlg A@ %%Al"t F’Bnélpefgﬂ@. pprated qircyl spackage 1240
: the gl ass or silicon |ayer 1310 forman air
'"°5‘§’%§1t§§%"586\?g iﬂss Baste) lpyerot206:and the corductive\materiaiiayer 1212,
any other circuit 1322 in FIG 34B. The air gap 1324
whithRfedesater adiagantital circult eomponients 1242 lof ties silibos Watee1204. In

dielectric loss. In contrast, when crystal

Fi®s338, an elternate integrated Intrait package 4260 ihsluaks e HRRealed glass
crystal to resonate - in other words, the air iIs use%

Pasts layeérol206:aha wonalicts matérial Wyer 1212, which are located adjacent to
an oscillator 1252 of the silicon wafer 1204.

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

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

with an inductor 1274.
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[0144] In FIGs. 34C-34D, integrated circuit packages
1340 and 1360 include a silicon wafer 1304. Epoxy
portions 1342 are formed on the silicon wafer 54 1304
in a spaced apart relationship. The epoxy portions
1342 may be formed as described above.

Post - cessi ng of the epoxy portions 1306 may be
per :[%ﬂ?gd ?@@rﬁ'ﬁ!ﬁﬁ!ﬁﬂ uiass mpste layenaiscterds tb ceticr/idechange in

a planar outer surface. A glass or silicon layer 1310

striess oupniimedbiatataryeceure Trd ammenls@ biissiidde Pigef‘ [BIRES %M or part of

portions 1342. Epoxy or other adhesive binding

thersilicon ataferfrolevaridtibnsan ah ieQsudh! d<’ :
| ayer 1310 to the epoxynpo%ﬁi%]ﬁgﬂ%ﬂbﬁaq'ﬁg’ Sﬁ%!’lt%soﬂlglectnc loss of

the) HSIRG el OV Fhis: it J?ZEQ%‘FZ’T%B} Gyt agasus. Whed: etiempting to
' . [0145]. R ' FI Gs.
ca&@%ﬁgﬂm g‘%’ﬁ@ﬂ%ﬁ&’@ %“h%% g el{S?rV:eggi tn owpfagkages are

shomw@linat include a glass or silicon portion that
cre an Refergag. now to] E1G85/34A434D)t alicrmbes integrated circuit
circuit package the 1380 includes a "C'-shaped gl ass

pagkagesi arecshowrothiatdncldd8 anhbaleddgihse Pashafd ,
The "C' -shaped glass or sili cg% p?;étsi o?lﬁdgll %gﬁ%ﬁgﬁmns and a

glassairaticombéyernthat Groatd a0 Bir'dh a5 hABRE of S4FEDS aser. In FiGs.

The air gap 1384 is |ocat above ‘an 0sCl

34A 1, Bt iA-CUi t cka 1390,
i ﬂ%‘lﬁd gﬁg@g&eg?&gﬁdgpgﬁégpggsﬁgocgppi \ |"§ﬁ@|e 3 $yigopnwafer 1304.
' oL 13 The air gap 1384 is |ocated
AntEle8 Wit o3 50510 lonaeeoh he shisanteatar €304 in a spaced
36A-36C, nethods for making integrated circuit
apfigéﬁlé‘g%sf%sc he, 8GR pettionsr 306 ovay. bafoinméc g aleebribed above. A
circuit structure 1400 includes a silicon wafer 1404,

mojging materialy! 38 maydeluE Rostrocessiy oPfid
and 1410B (collectively porti o’ﬁ? 1410), andAngﬁ"i'géH@r”OG may

be petformed sagieas béfighing e otﬁé}ts‘wﬁsﬁ%?r{ogi eg% Halnﬁlé @H%ﬁi %Efface.

1400 is cut into sections al ong
to [0143] A glass or silicon layer 1310 is supported above the silicon wafer

4

1304 by the AGP portions 1306. Epoxy or other adhesive binding material may be
used to attach the glass or silicon layer 1310 to the AGP portions 1306. AGP
portions 1306 and the glass or silicon layer 1310 form an air gap 1324 above an
oscillator 1320 in FIG. 34A and/or any other circuit 1322 in FIG. 34B. The air gap
1324 provides the material (air) having the lowest possible dielectric loss. in
contrast, when crystal oscillators are used, the air is needed to allow the crystal to
resonate — in other words, the air is used to allow mechanical oscillation.

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

include a silicon wafer 1304. Epoxy portions 1342 are formed on the silicon wafer
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create nmultiple integrated circuits, which can be
packaged in a nolding material (not shown) as

descri bed above. 55 [0147] In FIG 36B, the silicon
waf er 1404 may include one or nore bond pads 1420.
Cutting of the layer 1408 at 1414-1 and 1414-2 may be

fset fromthe . cytting.of the silicon wafer at
1304 3%, SPRCEY ARarrelationshins e The eRexy: RItingshtdBvmass be formed as
egnot shown) to the bond pads 1420. In FIG 36C, one of
depgribed,@bgre: cBost-progessing 450thei epmtyowrﬁ@hkeﬁdﬁehf% be performed
1400.

separated fromthe integrated circuit structure

sutiy asglolisbing of athenstepsctorrevide3a Mlards oter ét?]’fé'iﬂ ‘ﬁ ﬁ%ss or silicon

circuit package 1450 includes a silicon water w
| n . ortions .
e o SR e abeve B SMicBWwalfer 3508y i Ragey iepations 1342.
[ - . shown., L.n FIG 37A the portions
EplS3 5 Pher #fesi Bingty ¥Bitetf somy besisdchin attdaths giss or siicon
| th 3‘ggr‘&gu@tive mat eri al 1456. The silicon wafer 1408
ayﬁﬁa i PEFRAXYRPTtioRE 1842moThe partionset3064arad &l layey 1310 form

i ncl ude _bond pads 1460 as shown. [0149] Referring now

any gans1324 above @ ascillatoret 3R0INIEIE) 340 ahelor BARGHREr diRSit 1322 in
integrated circuit packaging of FIGs. 32A-33D are

FIGh34W. Control begins in step 1502. In step 1504, a
gl ass paste | ayer 1206 is applied to one or nore

sur{ of Re‘fé}ﬁngghbﬁpr’to""ﬂggn_lg@ﬁ-ag gégﬁg%%eecitpﬁpegrated circuit

areas of the sili n wafer

I . 1204 | s anneal.ed by placing the
pagiaties SRPATHE Ikl ¢ e e Eoneaeon dalerates amair gap. In
FI(?” éen. The t erature of the oven may be set to a
'eﬁ% r ghuintegratad cicull, package the ol 380r includes g 4€3-shaped glass or
..Jlayer 1204. For exanple, a tenperature of around 400
silieort pprtioryil 28 thatrdefins m aivdydps 1384. MeeXD” shapBBeghss or silicon
the glass frit paste while not damaging the silicon

e Tore o TAgo88 s4dlons SRS WAGVBENR Tho o o
1384 jclocaiMabdve an oscillator 1320. In FIG. 35B, an integrated circuit package
1390 includes a “C"-shaped glass or silicon layer 1382 that defines an air gap 1384.
The air gap 1384 is located above a circuit 1322.

[0146] Referring now to FIGs. 36A-36C, methods for making integrated
circuit packages described above are shown. An integrated circuit structure 1400
includes a silicon wafer 1404, a plurality of spaced AGP and/or epoxy portions 1410A
and 1410B (collectively portions 1410), and a glass or silicon layer 1408. The
integrated circuit structure 1400 is cut into sections along dotted cutiines 1414 to
create multiple integrated circuits, which can be packaged in a molding material (not

shown) as described above.
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ep 1510, all or part of the silicon wafer 1204 is
Zacgsed in a noldigg material 1208 56 such as
plastic, other materials described herein, and/or
other suitable molding materials. In step 1520,
control ends. [0150] In each of the foregoing

i hgpnt s LLigon wafer may be replaced by
g?ﬁ i&' é@f erIn Ejﬁoéﬁér ﬁ’@u%‘ﬁ%@%ﬁ"@eram‘l mayaimciugecone or more bond
| ass paste can be replaced by epoxy. [0151] A number
pads 14#0e dCHitingofdhe tlagen 1AAB bt dA1Advend ddn4de srdy BE Sifset from the
Nevertheless, it will be understood that various

cuttingi ofi thet sitican wafelbat m8d4-3vitd esiide ‘é%égbé‘ Qf)@ "aﬁg%:tﬁ]igg bondwires

spirit and scope of the invention. Accordi ng

. P h f all owin .
(nfmmggﬁeabgpﬁ Wa‘?q Sﬁ'lcfg:ﬁ@ ,iosr{ehﬁf {h&qln?egra%d circuits 1450

s SR AR C0aInG Pt . i Mieghateb eyt taiptire: 1400, «

hat stores oscillator data relating
? ontdgﬁaﬁr g? R%%%e'ri't"anQPWh@t FdGEe STA-BIB, anh indégrated circuit package
oscillator calibrations as a function of said sensed
145@ nipeiuges &, silisorosafer avith spatet eatmedied eglasst gstd andfor epoxy
reference signal having a frequency; and a phase
pottionk et 10 that have! seerp Bdatedi Wih % fa%F??%n'd%ﬁvé‘ %&Eﬁaﬂ 456" are

f eedback | oop parameter, wherein said phase ['ocke
shownp MG, B7IASGhé VSdrfions 1410 are dipped into a container 1454 that

contains the conductive material 1456. The silicon wafer 1408 may be diced along
one or more cutlines 1462 and may include bond pads 1460 as shown.

[0149]  Referring now to FIG. 38, steps of a method 1500 for fabricating the
integrated circuit packaging of FIGs..32A-33D are shown. Control begins in step
1502. In step 1504, a glass paste layer 1206 is applied to one or more surfaces of
the silicon wafer 1204 and/or select areas of the silicon wafer 1204. In step 1506,
the glass paste layer 1204 is annealed by placing the silicon wafer 1204 and the
glass paste layer 1204 in an oven. The temperature of the oven may be set to a
temperature that is sufficient to cure the glass paste layer 1204. For example, a
temperature of around 400 °C for a predetermined period is sufficient to anneal the
glass frit paste while not damaging the silicon wafer 1204. In step 1508, the
conductive material layer 1212 is applied to the annealed glass paste layer 1204. In

step 1510, all or part of the silicon wafer 1204 is encased in a molding material 1208
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adj usts said feedback | oop paraneter based on said
sel ected one of said oscillator calibrations. 2. The
integrated circuit of Claim1 wherein said phase

| ocked | oop nodule conprises a fractional phase

| ocked | oop nodul e and said feedback | oop paraneter

] rati.o of, a scali.ng factor. 58 3. The integrated

suGl 48, PlEstif. Gtheh Msterialcgescribed Reesin, andiorpathee suitable molding
| ocked | oop nodul e conprises: a phase frequency

maierials: it stepalH20, controtemdauni cat es with said
oscillator nodule and that receives said reference

frefiti0}y; I ehehgs tenforegsitg %mb@?imﬁamuvgqefgiggén \Wdér may be

said phase frequency detector nodul e;

replagsd By|cﬂﬁer0§f§i‘ér§aBrotgmﬁEggggrétﬁétan%ofﬂygbﬁgélgﬁ Q@”éésgezgste can be

said charge punp no at™ gener
ney: scal ing nodul e that comunicates with
re@éﬁﬁyg%?¥35§ controlled oscillator and said phase
fre y detector dul e and that selectively adjusts
sai gdﬁjﬁ putxfﬁ“gasﬁhgg embadimgnpts aktheninvention have éeen described.
factors, wherein said scaling nodule adjusts a ratio
NeyertBaless.fit il bennderstaod that sarious Muodificationssady de made without
sai d sel ected one of said oscillator calibrations. 4.
demantin rftory thea: epirit Bndwcbpe fof BhetinVeRtiomh AlcBbYj }/,dotﬁél{\ﬁr%bodiments
and second scaling factors are divisors equ to
arewithit tte 5copé of MEfoRbWird &1 integer greater than
zero. 5. Thg@i nt egr atg"I c"::lélgﬁél?t of Cdaim1l wherein

sai d phase | ocked |l oop nodule conprises a Delta Sigma
fracti onal phase | ocked | oop nodul e and said
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f eedback | oop paraneter includes nodul ation of a
scaling divisor. 59 6. The integrated circuit of O aim
5 wherein said Delta Sigma fractional phase | ocked
| oop nodul e conprises: a phase frequency detector
nodul e that conmuni cates with said oscillator nodul e
and that receives said reference frequency; a charge
punp nodul e that comunicates with said phase
frequency detector nodule; a voltage controlled
oscillator nodule that conmunicates with said charge
punp nodul e and that gener@LAMS8n out put frequency; a
scal ing nodul e that comunicates with said vol tage
Whaeid dlgimerfis; osci |l l ator and said phase frequency
detector nodul e and that selectively divides said
out put frequency by first and second scaling factors;

and.a Siagintdepated dﬁlﬁﬁ'c&hﬁﬁrisﬁﬁg@t adj usts nodul ati on of
said scaling nodule between said first and second

osci || afcerianfe SERaOn Rt sende Gtbfbeptire B s fipgrated

. aime6, wherein said first and second scaling
CIrtfct ors are divisors equal to N and N +1, where Nis

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

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

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

a phase locked loop moduie comprising a feedback loop having a
feedback loop parameter, wherein said phase locked loop module selectively
adjusts said feedback loop parameter based on said selected one of said

oscillator calibrations.

2. The integrated circuit of Claim 1 wherein said phase locked loop
module comprises a fractional phase locked loop module and said feedback loop

parameter is a ratio of a scaling factor.
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3. The integrated circuit of Claim 2 wherein said fractional phase

locked loop module comprises:

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

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

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

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

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

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

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

greater than zero.

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

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

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

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

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

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

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

of said oscillator calibrations.

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

than zero.
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