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oxide layer 11B, and an active layer 11C. The transistor 10 is comprised of a gate insulation layer 14, a gate
' electrode 16, sidewall spacers 19, a drain region 18A, and an source region 18B. A plurality of trench isolation
regions 17 are formed in the active layer 11C. Also depicted in Figure 1 are a plurality of conductive contacts
20 formed in a layer of insulating material 21. The conductive contacts 20 provide electrical connection to the
drain and source regions 18A, 18B. As constructed, the transistor 10 defines a channel region 12 in the active
layer 11C beneath the gate insulation layer 14. The bulk substrate 11A is normally doped with an appropriate
dopant material, i.e., a P-type dopant such as boron or boron diftuoride for NMOS devices, or an N-type dopant
such as arsenic or phosphorous for PMOS devices. Typically, the bulk substrate 11A will have a doping
concentration level on the order of approximately 10%* jons/em®. The buried oxide layer 11B may be comprised
of silicon dioxide, and it may have a thickness of approximately 50-360 nm (500-3600 A). The active layer
11C may be comprised of a deped silicon, and it may have a thickness of approximately 5-30 nm (50-300 A).
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integrated circuit products incorporating such transistors, as well as leakage current and power consumption in
such transistors or products. Moreover, the importance of these electrical parameters, e.g., operating speed,
leakage current, power consumption, etc., may vary depending upon the nature and requirements of the ultimate
consumer product. For example, in mobile computing or telecommunication applications, power consumption
isa very important consideration. Thus, at least in some cases, transistors exhibiting higher threshold voltage
levels may be desirable for mobile computing and telecommunications applications. In contrast, in very high
performance applications, e.g., high-end servers, operating speed may be the most desirable operational
characteristic of the integrated circuit product. Thus, in those situations, it may be desirable to make the

integrated circuit product with transistors having a relatively low threshold voltage. Existing design techniques
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The invention may be understood by reference to the following description taken in conjunction with

|_.

the accompanying drawings, in which like reference numerals identify like elements, and in which:

Figure 1 is a cross-sectional view of an illustrative prior art semiconductor device formed above an
SOI substrate; ' ’ '

Figure 2 is a cross-sectional view depicting one illustrative embodiment of the present invention

wherein a doped region is formed in the bulk substrate of an SOI substrate;
Figure 3 is a plan view of an illustrative die having multiple doped regions formed therein;

Figure 4 is a cross-sectional view of another illustrative embodiment of the present invention wherein

multiple doped regions are formed in the bulk substrate of an SOI substrate; and
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or phrase.

nU

&

In general, the present invention is directed to various methods of forming doped regions in the bulk
substrate of an SOI substrate to control the operational characteristics of transistors formed thereabove, and an
integrated circuit device comprising same. After a complete reading of the present application that the present
invention, those skilled in the art will recognize that the present invention may be employed with respect to a
variety of technologies, e.g., NMOS, PMOS, CMOS, etc., and it may be employed with a variety of different
type devices, e.g., memory devices, microprocessors, logic devices, etc. Moreover, it may be employed in the
context of integrated circuit devices that may be used in a variety of consumer products, such as a personal
computer, a portable computer, a mobile telephone, a digital camera, a personal digital assistant and a wireless

internet appliance. Thus, the present invention should not be considered as limited to any particular type of
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claims. MODE(S) FOR CARRYING OUT THE INVENTION Il lustrative enmbodi nents of
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depth 38 of approximately 80-100 nm, and it may be formed by an ion implant process to be described in
greater detail below. A contact 35 is provided to bias the doped region 34 in the manner to be described below

50 as to improve one or more operating characteristics of the transistors 32 formed above the doped region 34.

Typically, a wafer or substrate 30 may be comprised of many die. The number of die per wafer
depends upon the type of product under construction. For a typical 8-inch wafer, there may be hundreds of die
formed above the substrate 30. The die represent the area of the substrate 30 where production integrated
circuit devices will be formed. Ultimately, after device processing is complete, the die will be separately tested,
packaged and sold as a complete integrated circuit device, e.g., a micropfocessor, an application-specific circuit,
a logic device, etc.
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i sol ati on reghARRrs30p tired HBve the doped region 34N are PMOS transistors, and each of the transistors 32N
formed above the doped region 34P are NMOS transistors. Of course, as stated previously, in some
. embodiments of the present invention transistors of both types, i.e., NMOS and PMOS, may be formed above
each of the doped regions 34N and 34P. The number of transistors formed above each of the doped regions 34
will vary depending on the product under construction and the desired impact on the operational characteristics
of the completed integrated circuit device.

, The doped regions 34 described above may be formed by a variety of techniques using a variety of
process flows. The doped regions 34 may be formed by performing an ion implant process at a dopant dose that
ranges from approximately 1e"-1e'® ions/cm? to result in the doped regions 34 having a dopant concentration of
approximately 10e'®-10¢* ions/cm®. The implant energy of the jon implant process will vary depending upon
the species of dopant implanted. For example, for N-type dopant materials, e.g., arsenic, the implant energy
may range from approximately 100-300 keV. For P-type dopant materials, e.g., boron, the implant energy may
range from approximately 30-100 keV. Moreover, if desired, the dopant concentration level (ions/cm®) of the

doped regions 34 may vary, i.e., multiple doped regions 34 may have different dopant concentration levels.
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conpri se Oless of such transistors may be operating, i.e., switching on and off. Thus, it may be important to enhance the

operating frequency or switching speed of the active transistors. At the same time, it may be desirable to reduce
the leakage current of the inactive transistors. This may be accomplished by segregating the various transistors
and using the methods and structures disclosed herein.

For example, in one illustrative embodiment where the doped region 34 depicted in Figure 2 is doped
with an N-type dopant material and the transistors 32 are PMOS transistors, applying a positive voltage (+V,)
to the N-doped region 34 will tend to increase the threshold voltage (V) of the PMOS transistors 32. In turn,
this will tend to reduce the leakage currents for the PMOS devices. Such controllability may be very important
where, for at least certain periods of time, a number of PMOS transistors of the integrated circuit device are
inactive. Of course, as will be understood by those skilled in the art after a complete reading of the present
application, the positive voltage (+V,) applied to the N-doped region 34 is positive with respect to the drain
voltage (Vya)-
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devi ces. conta
negative apphed voltage (-V,) may range from apprommately 0.6 — -0.8 volts. Addltlonally, the magnitude of

0): O

-

applied voltage (V,) may vary dependmg on the type of device at issue, i.e., NMOS, PMOS However, it

. should be understood that these illustrative voltage levels are representatwe in nature, and they should not be
considered a limitation of the present invention unless such limitations are expressly set forth in the appended
claims.

Through use of the present invention, the threshold voltage (Vy) of various tramsistors 32 of an
integrated circuit product may be dynamically controlled by applying a voltage (£V,) to one or more doped
regions 34 formed in the integrated circuit product, thereby allowing control of the electrical characteristics of
the integrated circuit product. That ability is desirable in many respects. For example, in some product

- applications, low leakage currents and power consumption is of paramount importance, e.g., mobile computing
and telecommunication applications. In those situations, the threshold voltage (V1) of some or all of the various

transistors that are part of the completed integrated circuit product, e.g., microprocessor, digital signal
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metal, such as tungsten. The process flow used to formthe doped regions 34
and isolation regions 36 may vary dependi ng upon the devicpj gg;dgm

constructi xanmple, if it is determ ned that onl
. g xanpl e, 11 y RS .
regi ons 34&gr e'Fto% formed in the bul k substrate 30A, thekr%¥ B an%et i on
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are 0 e nma
N-type oeg‘bg%té’esﬁg? {liegs &T) %ﬁm?eh%' ﬂé’gﬁhﬁg?nﬁlﬁorf é’S‘P% the Vi te USe é&? 5},\43 ef i ne
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entirety o substratée 30. After the dogvd regions 34 and transi stors
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con_nlect | DNmbyObd MeRrmiogacs; & Qﬂm@d%ﬁlre?‘baﬁgﬁlpd%etﬂe bedirdd Perbtinl Iehﬁat&ﬁktrcabma Olmatd\ .
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locati ONBroufG RSy amgl &c.38 bOhcIRaH 4 rodu@ragou%gﬁﬁﬁd@eﬂ& 4 BYEE BlepHon,

shown) i ate_areas,
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per f or negly lmgds% %ﬁ,itlt% deliRg cﬁf?&?eﬁstfc?gt‘&@ f e & wﬂeerarmgmbagnmrﬁsdca.«.g&l ng

ions thr buried 1 nsul ation r the
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buried i astddabiagavayieappBetBo thbliesifed aspedtegioiz\de bt th@sby RRige tome losﬂhbfttb@ transistors
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mi cr opr oge9EMof hﬁypetfem@mmweg@aay@se on e dIRIcrPRRORSsIPr %eh fygtithej dgyired yoltpssi(EYadiss |
However , aifiic Y theidé@ad tdopda, re@ibns| 2RSS céuEb SdATEOr CAAS 6S the QRhYst?$182 1f lohé 0N mofe

| ess of such transis operati w tchin
hos O ¢ AP ER AR TR B xRS it i Fep Refotef B, R sucn
speed of ciphlglita provides anrQEM iwith grester ﬂambﬁlttnemmvslxnglcmumerrtprqw that ed@blt the dsisedt o

reduce Eﬂaﬁnéaﬁﬁms&g lhé& ﬁtmefdest tﬁ@dlﬂgﬁﬁs%ﬁa' gi/egtelt ?e??%’;y%ﬁd&mg b o‘ﬁan@&)in Qfisumer

acconpl i shed jat j ng n

and st r udewTAY %‘s"}/‘i’if“s" X §H’°HsetP’@F ﬂfPr F‘S'e%ﬁﬁ‘“é Sty u ﬁé“i'a‘lel"ﬂ%’tr? §g1“{7%rat“{§mmt
enbodi meptodvh eciethbthite gpppdhte eijger(Vnayepiaplietioitie dpprgpriate depédsregianp 84Iwithilk ath an
N-type d(ﬂ{?%%ed@ﬁaéuﬁf)ﬂo@dctMeﬁléﬂ&v&?%?ésﬁﬁlﬁfﬁth@é% are PMDS transistors,

applying a positive voltage (+VA) ~to t ed region 34 w t end

i ncrease the thedeot EP“%‘HFF’& )"hed’FeS?nﬁé“’??f&@S‘ fjregtedite ppineergisd °‘f°ﬁ‘t ?rlﬁ?‘?‘it

t hi s W | lwhtreif the ttReshaddlvntieget(Me) of smdeag 61l ofithier taatdistors that cdnpeisdiIBtegated ciwsit pr&lucth
cont 1ol | 31y bR H508Y B Yondy R or Wl Basd om B hEASpelaile BcRicR B 005

of tInE ransi stors of he 1 nt grate CIrCUIt devi ce are
i nactive mt@ratqécsmus@roda@ avd/?rlﬂwaéme% eqnmé%v ThebBethe keltagecd Vidyppplisd toyqup or

after a %Pendf@ie@oﬁeaa@dagsmnmmﬁ ﬁ&g&&f\&ncmﬁﬁ&iubtﬁﬁ@ ibe Rariell BEcopREliel basal wal hage

((j:-\a/f?l ap plllrlre% op%rgtmtg andl[}x‘-oxgso e mtegg¥e9 clrcul% progucp anﬁ)o the ﬁtm\{\gte;[ cré'msrm%grpcﬁ e. ¥0r e&zﬂxﬁﬂe,

in the case of a portable computer, when the computer is essentially idle, a voltage (+V,) may be applied to
some or all of the doped regions 34 to increase the threshold voltage (Vi) of the transistors 32 (NMOS and/or
PMOS devices) formed above various doped regions 34 within an integrated circuit product, e.g,
microprocessor, such that the leakage current and power consumption of the integrated circuit product is
reduced, thereby conserving battery resources. Alternatively, when an application program is actually being
used on the portable computer, at least above some preselected level of activity, the applied voltage {EVy) to
some or all of the doped regions 34 of the integrated circuit product may be changed such that the threshold
voltage (V) of some or all of the transistors 32 formed above the doped regions 34 may be decreased, thereby

tending to increase the operating frequency of the integrated circuit product and the speed of the ultimate
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voltage (vdd) -7 2 1 DEC 2006 WO 03/105232 PCT/US03/17918 On the other
hand, applying a negative voltage (-VA) to the N-doped regi ph08& 811 tend

to reduce k[bgomtogbrﬁshol d voltage (VT) of the PMOS transi stgl;crsfélzgmfl_&#’red

above the oped-region 34. In turn, thrs will tend to i
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appropri a € W ri connec r, 1A some cases, both
NMOS and PPfaosugewiodes may be forrred above a single doped region 34. For
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in the neigha Eegd)ﬁsgiﬂf drd6b sARAMRally depibted @Bigbres Ethe idtd3fited dirquid $iothicydd ivintkidadye be

(+VA) appl n 34 o,tend t.

t hr eshol d%%?“f%‘&e °f(EWdfoapVSg vfrhg' ‘g \?lrrcélggm ety B m@n% %sglaiﬁcsiﬁ ragQSIrCegjr on
34, and toemoryzerap galegiv devigspétt.e dhusothe aaticular typy Oﬁmltlegratf(bmmt produgielér sé%!%“‘t‘ e

t hreshol Qoﬁéﬂ%&@-g‘?dm dffthet erlt %tﬂ@\lﬂl&?&lch EOWRMBA is didaritbél Gorfach e \ugindebat

any oper at i onal at hi eved cf. 19
t ransi sto‘ﬁaémsf o‘?%??n °P ﬁ’nnggb"é‘??"’ggdrr&‘ﬂt pRoPuh ‘{ll %55‘9&%‘{)@\1\# or sot’ ®by
an i ncr eaméerstood thatit mmpkesénunmqfom @imotelyechB4BRted cizquit Protiusts$4 ghakmay be prRentafpiri ed

vol tage (gAbnsumed dll&r“reasonr ng applies with respect to NMOS devr ces
formed above an

ed region 34, The nm 'tug g Yer2 pef
opl o ol agEeot o RApIgRea SHL e FIT G TRBH % e L et & plerfsghi of uy
gener al , tyfeeofgp@iuttetiat \nodyt eagpivy (iMégratédocirctih prodiety i6d £62. npeysolyad comprtskst siyeers; mabile
falls w ttgkﬁlm?es rp%%?e grﬂp{&sgrjs qﬁgﬂXleJa%eraso gtp p‘hﬂﬁ e pamc\ﬁﬁyﬂet})?c&glﬁie{))ry&wlﬁﬂ%ﬂf

t he devi ce, re spéclfic exanpl wherein 8, lél V
the posi t‘?“i/@esé’ﬁ}ﬁﬁ“ie%td’n\%‘r“!da’@’ébi mﬁerwm W@‘ém}erso*ﬁﬁhéﬁﬂ%%ﬁ ARy sefori m e’ (g
vol ts, wheppaasi claliss.

In general, the controller 62 is adapted to sense, or be provided with, the operational activity of the

integrated circuit product 64 within the consumer product 66. Based upon the sensed or detected level of
activity of the integrated circuit product 64, the controller 62 may supply the appropriate voltage (V. ) from the
power sﬁpply 68 to one or more of the doi:ed regions 34 formed on the integrated circuit product 64 to adjust '
the electrical performance characteristics, ie., performance mode, of the integrated circuit product 64 to a
performance level that best fits the sensed activity level of the integrated circuit product 64. For example, in the
illustrative case when the integrated circuit product 64 is a microprocessor, the controller 62 may sense (or be
provided with) the number of times the microprocessor is accessed, or required to execute an instruction, over a
given time period. Based upon various control rules (that may vary depending upon the particular integrated
circuit product and the particular application in which it is used), the controller 62 may switch the integrated
circuit product 64 to a “high performance” mode of operation if the sensed access rate exceeds a preselected
limit. To accomplish this, the controller 62 may execute instructions that direct the appropriate applied voltage
(£V,) be applied to at least one of the doped regions 34 within the integrated circuit product 64. If the access

-10-



negati ve applied voltage (-VA) may range from approxi mately -0.6 - -0.8
volts. Additionally, the nagnitude of applied voltage (VA) 7dyC\Veity
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oper at i nesed braeralls; srcpwseivedgo be a %elféonﬁisteliltr?&t“@lce efcsieppading f?r"’dgﬂ@ti resgity  The Repipice,
an ori gi fgde :&fiiting PRBSital BRMpIAGAS LT BhysicAVghdntitiesy URElyDIheush H&t Gedsbshrly,aliese quantities

t t t
Lpogg; 2.0 f!ag gﬁ fgul of (P}ét{%%o ﬁlte%cé% %f- |nglg[?eﬁ%' 316;?32% %aaz%? qrbem? tsgoreq rtr%isfeﬁécg ngjnbm;d
etc., to cdmoaned;calndl dibetwise manipwatesiu figdras proyedconvenient gf timegy pm%ﬂkﬁa regg@m@rconnaon

m)b} l et ﬁéagepﬂﬁagpto these Qi@xgaﬁsaapin% ﬁ%ﬁﬁ@ﬂ&rﬁernts Shbols, BAAQREs, R ndnibErs, e b Fiied

per formance characteristics e_u e C

portabl e conpt 5@?‘5 P endeseiop S’i”ef’ﬂs@att%lg‘g%ﬁéer ang é‘lmtdﬁrl tﬁm‘g g%%f 359 at%hmm

i Nt egr at egprapriste physicad nottEs asilacmerdihevnvententtlabelg applicd tethbs bmatltltieheUld@S ppeeifipally
char act egdhS ofherwidsObr %XQ Dbfent | 'ﬁ'3 Jﬂ@ dﬁﬁﬁﬁon su%h di 9 rBé%Lsm%* QP &J:on@ﬁt&gesrs or

(DSP) may be earnar or”am)l e, telep onea lication, C% néo}ﬁt use
or wire [TV OF IFIHRRE" R SRTET ey B HEE 1 Ynpetiow %BBTW%"SP iU
desired eppador g pisctddic teniutiey deliye, tatmanisibve adriragsfidrmodatd fepretentedasi physisals
32 conpr| l%):t&glctq%u&g‘?%tfuﬂ et Qﬁetr #QW’slrWd EhdRMR ARAdHLMRAYRDresented

consunptlon anot her e
as physmal quantltles within the computer system memories or registers or other such information storage,

transmission or display devices.

The bresent invention is directed to an SOI substrate 30 having a plurality of transistors 32 formed
above the substrate 30 and a means for varying or controlling the threshold voltage of at least some of a
plurality of transistors 32 formed above the doped region 34. In the disclosed embodiment, the means for
controlling the threshold voltage of the transistors 32 comprises the doped region 34 and the contact 35.

The present invention is generally directed to various methods of forming doped regions in the bulk
substrate of an SOI substrate to conirol the operational characteristics of transistors formed thereabove, and an
integrated circuit device comprising same. In one illustrative embodiment, the method comprises providing an
SOI substrate comprised of an active layer, a buried insulation layer and a bulk substrate, forming a doped
region in the bulk substrate under the active layer, forming a plurality of transistors above the SOI substrate in

an area above the doped region and forming a contact to the doped region. In further embodiments, the method
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an OEM of hi gh-performance servers nmay fuse or wire a m croprocessor such
that the desired voltage (VA) is applied to the desired dopgdiregjons 34
to cause sRigFA of the transistors 32 of one or nore ssors
or ASI Cs mnthln f%e server to exhibit very high operating g%gﬁ%ﬁﬂfﬁﬁf
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doped r e§PBRE Yy F?ﬁ FRmple i %'g?eé& Teps Setr el gbopy BeRe perfgrmgd in diferent order.

m cr opr oBethsowre, mubmmmhauuaMMmkéakmgéaﬂhmfamkmamdopmmgmh@ﬂmsmwmum@nmafuthe
i nt egr at gderfbbd ke clﬁﬁsoﬂw If 8 thefeRAUGRE: HNBL SRYuEORBELN IR %iPBRkE Siove may be

resources. Alternatively, when an ap |cat|oﬁQ¥ ogram1s actually being
used on PUfEd B RAHeE a&%ﬁ%\“’ér"mﬁ‘f’“ﬁ étascpnsaisra@/ém@e fsPResd seiib g Fb@mentm
acti vi t yAcdoliingtypint pretectivosohghgerdinifps seicfortisintie cleims bdldw, of t he doped regi-ons 34
of the integrated circuit product may be changed such that the threshold
vol tage (VT) of some or.all of the transistors 32 formed above the doped
regions 34 may be decreased, thereby tending to increase the operating
frequency of the integrated circuit product and the speed of the ultimte
-9 2 1 DEC 2006 WD 03/105232 PCT/ US03/ 17918 consuner device. In short, in
this enbodi nent, a product may be provided with a node sel ection capability
wherein the desired el ectrical performance characteristics of the ultinmte
consuner device and of integrated circuit products within the ultimte
consuner device nmay be varied dependi ng upon real-tinme or near real-tine
operating characteristics of the ultimte consunmer device, e.g., portable
conput er, high-end server, desktop conputer, nobile tel ephone, etc.
Further detailed control algorithns nay be enployed in this context also.
For exanple, in the case

-12-



descri bed above for a portable computer, the applied voltage (VA was
adjusted so as to increase the speed of the portable conputer when it was
sensed or determ ned that an application program e.g., McrosoftWrd(r),
was runni ng. However, in sonme situations, it nmay be desirable to avoid

sel ecting the "high-performance” node of operation. For exagpqﬁazﬂﬁcontrol
al gorithm nmay be established wherein if the power renmaining Irn the
batteries rtabl e conputer gets too low, then the p ut er
cannot bevﬁg?rﬂ%&?gd to the "high- performance” node. Fi gurgbgﬁ?és(ﬁng
schematic, block diagram depiction of an illustrative system 60 in which
the preseht i Aveethodrcompyising:-enpl oyed. As shown therein, the system60 is
conprised of a controller 62 that is operatively coupled to an integrated
circuit product 64 that is part of a conpleted consuner, product 66. A
plurality of B&Yitng agScHsubstrate compaisedsehmentive davep abwicd: waulahor-iayer e 5.
~The integrat edaﬁdgg?&ktsu?srt&@ct 64 is intended to be representative of any
of a vast variety of integrdted circuit products, e.g., a mcroprocessor, a
DSP, an ASIC, a nenory array, a logic device, etc. Thus, the particular
type of integr &rfinga d6ptdirefiondn sdid HhllssiBstrsle Gfder BAd beAGBIngaEEsh Ryer;
limtation of the present invention unless such alimtation is clearly set
forth in the appended clains. Additionally, although a single integrated
circuit productorgdng ¢ plenslityt efitramsistprguabove saidt SQlssubstrige in andares soove saitht | t
I's representatiy f one or nore such integrated circuit products 64 that
maybe present \51\/40 %dlorﬁgl%flh%%consurrer product 66. It should al so be understood
that the consumer product 66 depicted in Figure 5 is representative of any
type of pr‘oductfoﬁ,hﬁéama@qpltwd(jﬁgae ghed circuit products 64, e.g.,
personal conputers, servers, nobile el ephones, portable conputers,

digital caneras, etc. Thus, the particular type of consuner product used

wi t h t he2pr esdht mathehof dains hofurtiencoimprisicapyilyleg e dokliagd toi sast daped wegies s
such limtations, are.clearl forth in.the . appended clains. In general
the contr&? V&Y E‘%@Oléaggqgg)c/f’@gi?@trfg’g,o%?ldl? urﬁlftéf\??gré’&s‘&?‘ish, t he operati onal
activity of the integrated circuit product 64 within the consunmer product
06. Based 3unon ThlenaRAP6fclain JEWAERRS sdif YetiveOlyer 3l sHid! dop@l ridifn b REA! ed
circuit product 64, the controller may suppr t he appPoprlate vol tage
(VA) fr omwitiethe panedosmppipg. 68 to one or nore of the doped regions 34
formed on the integrated circuit product 64 to adjust the electrical

per formance characteri t%cs, i.e., performance node, of the integrated
circuit pl"’oductThGJn?tgo‘go platm dy Whgrean paid artiyelayerandisaid; doped gegion gegdpped
activity | : I ated circuit product 64. For exanple, in the
illustrat ivﬁgpél:lgfg{aen\gﬁﬁe‘pﬁhgﬁ@g%nt egrated circuit product 64 is a ,

m croprocessor, the controller 62 may sense (or be provided with) the

nunber of tinmes,the m croprocessaqr i.s accessed, qr required to exec an
Mhotructi on. | oulie et oBRIR do isrviB dommmg e mbly SERTBECs aReTS P Sole
(that may s\BdtatéiRPANsHeR @bokROMId BEpddrclionHoriprised ﬁ)glhﬂigeﬂplu?élft? Wi tNNMOSdingt
and the particular application in which it i's used), the controller 62 may
swi t ch t h&@NiRBdmnsistors above saiil SQIrsubisteate Buan aseapabolie g4id gep¢dbreginice” node of
operation if the sensed access rate exceeds a presel ected

6. The method of claim 1, wherein said doped region is doped with an N-type dopant

material, and wherein a majority of said plurality of transistors are PMOS transistors.

7. The method of claim 1, wherein said doped region is doped with a P-type dopant

material and wherein a majority of said plurality of transistors are NMOS transistors.
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limt. To acconplish this, the controller 62 may execute instructions that
direct the appropriate applied voltage (VA) be applied to at |east one of
the doped regions 34 within the integrated circuit product 64. If the
access -10 21 DEC 2006 WO 03/105232 PCT/US03/17918 rate of the

m croprocessor falls below a certain preselected limt, the controller 62
may adj ust the voltage (VA) applied to one or nore of the d&ﬂ)éﬁﬁ?ﬂﬁji ons 34
such that wbesjrese@r ated circuit product 64 goes into a "povRir/uSad/i7d9s
node. The actions taken by the controller 62 may be acconplished wth
hardware or software or a conbination of both. In the illustrated

enbodi nents, t control .62 i s a.col.lection of .lqQgig ci,rcujtry that is
capabl e of8§ pr ozlglse sIPﬁtig“’? Rtg{&%?‘oﬁj’?&ﬂ%%@ﬁmﬁf’@g‘coél 1 ﬁ%l’egir%lh{ a Htétyigfu ﬁ%‘?arnbns
descri bed haedlfandWiéreinSaid g16raliBOsH trRlsls®rs & compeisddadtoflyFMDS! tesitsistigs. t he
desired node of operation (based upon a predeterm ned, programred
algorithm) and adjusting the applied bias (VA) to the doped regions 34 to
achi eve t despy.e . i.on. . t he depi.ct ed .enfhodi ,
controll e?? 62 isl':‘}{es'&l('?51!\?\;1118ga‘ic\l)st,~ %Laérpgeﬁﬁrﬁg%ﬁﬁ{ @0 regtrg%lo it %?PIGP V%B‘O%E% %QF’M}E
However, ahiterialeint edicrentsid phealaty D tiansistol e chrprid 3B NNIDS temdistond.| er

62 may be part of a separate integrated circuit product (not shown), i.e.,
a controller chip-set or the like, within the consunmer product 66. ‘
Simlarly,ig he . i LG t. -l

circuit prl%uctﬁ%@gthag&g&%}rﬁﬁf @S%%gﬁéﬁﬁgagéfﬁe%?o{nh%%ﬁ&%%(%g\?{f@%?%gat‘mt he
power supphsateBd aiutvtieroin $aid plualityxifaraaistas ute eomyprisgé € aagloralityPof NMAS  of

t he inventti on. &)nd [ rrliesaﬁ%réldgﬁ]glcgt ai l.ed description are presented in terns
of sof t war BSOS PrGBPHIE © U Sy epresent ati ons of operations on
data bits within a conputer nenory. These descriptions and representations

are the ones by which those of ordinary skill in the art effectively convey
the substldnce Bie migthiod afmldimt b whéreinssaist dopedi nagioy is Kopdd with afetypetdopant

al gorithm 14 mis_use rec.and.as it is used_generall i
concei ved 1{1%%16561 %dtsglb?r-e%:no%aél ??uéal?tysdefqtﬁaéﬁks OB A% f‘gﬁgnﬁegé)é?dn@ufaglt%\%gé\gﬁpgd
resul t. Tt‘tﬁmsism%aﬁ@plufrémﬂefl’mms trhmi@stoRy Si cal mani pul ati ons of physi cal
guantities. Usually, though not necessarily, these quantities take the
formof optical, electrical, or nmagnetic signals capable of being stored,
transferr C | d, ] Lhul at ed.. 1| ven
convent ent it t1 e Hethod 66 BRR A0y Rt S SR0BBI P L Gud il 3’ 0
these si gnaingprizss firting ¥ dbprelwegioh dneait Hullsyube@ats in abhadea défil, byt £ prwnction
nunbers, or. the like. It should be understood, however, that all of these
and simild'®terns are to be associated with the appropriate physical
quantities and are nerely convenient |abels applied to these quantities.
Unl ess specifically stated otherwise, or as is apparent fromthe

di scussi onl3.t er'fise meathodasf chimclsghargh formingapioped gégiar in ‘Said| ik substgte or
"determ ning” or “displayjng. or.the like,.refer 1o .the actions and
processes (#npéjsg%mlgﬁaﬁé‘\’}%{t%ﬁfd?ﬁeﬁsrfsﬁlofl%’rn %F‘gl&‘flf‘é?ﬁsga@orrputi ng devi ce,

t hat mani pul ates and transforns data represented as physical,

14.  The method of claim 1, wherein forming a doped region in said bulk substrate

comprises performing an ion implant process to form said doped region.

15.  The method of claim 1, wherein forming said doped region comprises forming at
least one masking layer above said SOI substrate and performing an ion implant process to
implant dopant atoms into said bulk substrate in areas of said SOI substrate that are

exposed by said masking layer.
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el ectronic quantities wthin the conputer systenmls registers and nenories
into other data simlarly represented as physical quantities within the
conput er system nenories or registers or other such information storage,
transm ssion or display devices. The present invention is directed to an
SO substrate 30 having a plurality of transistors 32 formed above the
substrate 30 and a neans for varying or controlling the thregHdtd A8l t age
of at lea a plurality of transistors 32 forned atﬁ?’]ﬁlﬂgﬁ{ ed
regi on 34%??1)%@%&% scl osed enbodi nent, the nmeans for contro |$lg 7%215)
threshol d voltage of the transistors 32 conprises the doped region 34 and

the contagt 35..,The present .inyention is generally directed,t arjous

met hods 01&6f or r;qhﬁgmﬁﬁﬁgd)%r%@f"b sW re_t“hé‘_"ﬁgpﬁ a &Pﬁétrf’%‘?% Ista%i]ng@éS“bﬂ’@é?rat e
to cont r olcofpfis S RlrmApPAn fd?xai'irﬂﬂﬁrﬁrﬂrééég§ il anl NAPSd SRR hRAPS a dopant

t hereabove, and an integrated Ci rcuit device co Isi'ng sanme. In one

i |1 ust r at idese rbradzessiom approxineatblyd 0CedplCiestndr ovi ding an SO substrate
conprised of an active layer, a buried insulation |ayer and a bul k
substrate, formng a doped region in the bulk substrate under the active
layer, forymi ng EhePhbihdllidfyclin 1! ¥t ToniBR AV fogelCregich iRURARE balkesubBratén
area above the doped region and formng a contact to the doped region. In
further erpeBwrigemperforming petiowdmplant procesIwilE@ 2006 dopantosateaab@2a dopant

PCT/ US03/ 17 ogpri se appl.yi ngia,xal.t age ot o t he ‘'doped region to vary
a thr eshoI]dgg%%af%égso‘?g%tapgré)ggrﬁa%fﬁgl%of 1%«%"‘8&&? ality of transistors. In
another illustrative enbodinent, a plurality of the doped regions 34 are
formed in the bulk substrate 30A in _an area defined by a si n%l e production

die, and d8l urkls mythed afr elaign dy gyheran famaing o derpdatseipn incspidh btk substrafgped
) 2 . . >3 . o
regions Zkurtlﬁ\g(pe rs!e? ?Mﬁ%? uraxl 4 ?P }(dﬁ;éé/ O%g?%?ﬁn @gllﬁ %@Wgﬂa&dm &h Qg O

nore of the egi ons 0 ion racteristics of
one or nordefinéd bhe productos tierad3fhdreinrmpluabiove ttdnsistdopad formegl abose 8ath dfn
anot her il tlra .iveffrrb&)di ment, the method conprises providing a consuner
pr oduct cc?ﬂ%fl?g‘@ Yot CORCA XS one integrated circuit product, the
integrated circuit product being conprised of a plurality of transistors

formed in an active |layer of an SO substrate above a doped region forned
in a bul k WubstThe metibdidheldnl 18,sulirgeindboningrepldobiéyl of dgpedinrelgiong gomprisesd

under the active layer, nsi an actiyity level qf the integrated circuit
product an@nggxﬁlz\t/,er%toéle\}\i‘ﬁf’gﬁgl%g’fon ﬁﬁbﬁaftﬁs‘f’a‘fﬂ?eg%ﬁ’%n ty to the doped
regi on, the nagnitude and polarity of the applied voltage being determ ned

based upon the sensed activity level of the integrated circuit product. The
parti cul ar2®enmboBinewthoddifsdaias 8dwhersinesaid-eplutalitys of fransigorsrdrg campriped of at

i nvention i fd . cti i,n_different ;but,equi n
mmnner s angay o BMGS HnsBEy AR A A reblon ¥ St imrdl N BlE apant
t eachi ngs atedalnandraiereixapplying 4 Disltape @6 648 dspadegatio varyt Hithadshvid voltgdef

performed in a different order. Furthernpre, no limtations are intended
to the det%{f%st e Qfoﬂﬁ@ﬂf%smsﬁcwnm&wgﬁwwwﬂswmﬁ%wérd Nifloped gegion

to increase said threshold voltage of at least some of said PMOS transistors.

21.  The method of claim 2, wherein said plurality of transistors are comprised of at
least some NMOS transistors and said doped region is doped with a P-type dopant material
and wherein applying a voltage to said doped region to vary a threshold voltage of at least
one of said transistors comprises applying a positive voltage to said P-doped region to

reduce said threshold voltage of at least some of said NMOS transistors.
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described in the clainms below. It is therefore evident that the particul ar
enbodi nents di scl osed above nmay be altered or nodified and all such
variations are considered within the scope and spirit of the invention.
Accordi ngly, the protection sought herein is as set forth in the clains
bel ow. -12 21 DEC 2006 WD 03/105232 PCT/US03/17918 1. A rre%lp%g, 0
conprising: providing an SO substrate conprised of an active'l E/éq a
buried i ngiihkj1gkhshayer and a bulk substrate; form ng a do@"c%/{ﬁ@;/ﬁ@lén
sai d bul k substrate under said buried insulation layer; formng a
plurality of transistors above said SO substrate in an area above said

doped regign; and forni .coptact to the doped region. 2. Th had of
claim 1. Par t nabecBABR &F sGiEopl SRrenacd Gy (o GHF o HE FoREEREh o o
vary a thi&shbsle IR0 Gadistérs Axﬁa%id%@eﬁfregi%}adis Rio&ié@h\’i&b/ a® N RNEbHhPT S-

f
3. The method of claim1, wherein said activ ayer and sal d doped region-
ar e doped majgridh andh avhereme apidpiaga voltpge todsaidrepedeediontoofareh Hiresho]d viitageiofi

said active,layer and sajd doped regi on are.doped wth. different, . dopant
Cypes. 5. ArAeSh8pR 04 SR RSN oIS ADPINE haeRrReLRLRES O oRdy NERBR: or s
above sai dedhbd to UBE Jaid ﬁrésﬂol@(rji/oﬁ%%%%%%@%t $hJoQRAIMOS HpBisAIPT | Ses

formng a plurality of NMOS an transi stors above said SO substrate
in an area above said doped region. 6. The nethod of claim1, wherein said

doped regi,qn i (o) i t-h.an t ype. dopani terial, and wherein.a

maj ority & saﬁ}%pﬁg{ﬁg iottfydacl)]fn J%\’I;vavﬁ 76t %ﬁg pi‘fréﬁtgl\&rwfﬁﬂﬁ depornprised pf at
met hod of ledsesomd NMOS hahsistofi diddeidedbpe §egon isSdoped &ith Wi R-typa dBpant peatepant
material ang wherein a majority of said plurality of transistors are NMOS

transi st or@d wherein applyingvtagidy said dopedregmn o3y thresheld wltage ef aderdd of

claim1l, reidl: sald.: L 11S;..do t d tnoi
materl al , P B OB TOnh FOLP Hli5ing P A VchBsd b HRE RN rogion to, |
PMOS t r ansh@tases .saidd. thidsholde tvottdgeof of | ati nbedst whideeiofi sdd d NMOSd tragistoms.i S

doped with a P-type dopant

24. A method, comprising:-

providing an SOI substrate comprised of an active layer, a buried insulation layer

and a bulk substrate;

forming a doped region in said bulk substrate under said buried insulation layer;

forming a plurality of transistors above said SOI substrate in an area above said

doped region; and

applying a voltage to said doped region to vary a threshold voltage of at least one of

said plurality of transistors.

25. The method of claim 24, wherein said active layer and said doped region are doped
with the same dopant type.
26. The method of claim 24, wherein said active layer and said doped region are doped

with different dopant types.
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material and wherein said plurality of transistors are conprised of only
NMOS transistors. 10. The nethod of claim 1, wherein said doped region is
doped with an N-type dopant material and wherein said plurality of
transistors are conprised of a plurality of NMOS transistors and a
plurality of PMOS transistors. 11. The method of claiml1, mher?hB iﬁ

doped region is doped with a P-type dopant nmaterial and whel dilsld
pluralityyh og/rgspshstors are conprised of a plurality of NMggr/; o Or s
and a plurality of PMOS transistors. 12. The net hod of cIa|n11 ereln
form ng a doped region in said bulk substrate conprlses fornlng a doped

region in,sai d-bul k su r.ate nar adefl 13
The. met hod Tof - ARbmstiet 3 B A whfeR Ram i atrus bR abel st Sor
substrate sumrawms&ﬁarfe@ EPOVekafd Bbpedakhion RnprieRefnhRgl mﬁraulfy SENN GBI hikd
substrate. 14. The nethod of claim 1, wherein form ngda doped region in

sai d bul k PM@8 treasistorsabepe Faid SQIsnbsiratd inginzated ahove said depedgegionss to form
sai d doped region. 15. The nethod of claim1l, wherein form ng said doped
region conprises formng at |east one masking | ayer above said SO

substrat e 28nd MRefRsthddef dint 24 Wiléia @hldﬂf(@@@ﬁ@ldrpls dopad with aflTPEPE dé2es
into said bulk substrate in areas of said SO substrate that are exposed

by said méR¥eia, adyaderein pmgiotityecangsraliy tsmsrsme PMPYGoito18  16.
The met hod of claim 1, wherein form ng a doped region in said bulk
substrate conprises perform ng an ion inplant process with an N-type
dopant mat2r i alThetmethdd pfiolaim @dsevhtfeht saididgpsl degiomiadppeaxwitint &l-typd ddgant 016

ions/cn2. 17. .The t hod of .clai erel form ng doped region in said
bul k subst‘?%{?réa-[ ae%%%&e feda nﬁéﬁ"?%"?ﬁﬂﬂ Pm]f W%B?‘%tﬂ’fs At B@’gg UERHHOS: P- t ype
dopant material at a dopant dose that ranges from approxi mately 1014-1016

ions/cn2. 18. The nethod of claim1, wherein formng a doped region in said
bul k subst30at e Theuntthed of daisn 24 cxhdreinrsaidgdaped regiad istdpped with padN-typgidopanti n

d bul k sub d. d wh
orural | 1y DO BrE R Rl ERbvre eRospsed M EVER Wi Shopca

regions. 19. The nmethod of claim 18, wherein formng a plurality of doped

regi ons Conprlse
31.  The method of claim 24, wherein said doped region is doped with a P-type dopant

material and wherein said plurality of transistors are comprised of only NMOS transistors.

32.  The method of claim 24, wherein said doped region is doped with an N-type dopant
material and wherein said plurality of transistors are comprised of a plurality of NMOS

transistors and a plurality of PMOS transistors.

33.  The method of claim 24, wherein said doped region is doped with a P-type dopant
material and wherein said plurality of transistors are compnsed of a plurality of NMOS

transistors and a plurality of PMOS transistors.

34, The method of claim 24, wherein forming a doped region in said bulk substrate

comprises forming a doped region in said bulk substrate in an area defined by a production
die.
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formng at | east one N-doped region and at | east one P-doped region. 20.
The nmethod of claim2, wherein said- plurality of transistors are conprised
of at |east some PMOS transistors and said doped region is doped with an
N-type dopant material and wherein applying a voltage to said doped region
to vary a threshold voltage of at |east one of said transistpigEcompri ses
applying a positive voltage to said N-doped region to increase said

t hreshol d we) ¢;3@828f at |east sone of said PMOS transistors.pag S}m’ﬁﬁﬁt hod
of claim 2, erein said plurality of transistors are conprisedﬂ% at

| east some NMOS transistors and said doped region is doped with a P-type

d t material d i | yi ng. .t t idd i on, t
Vary s ¢ hrBshol The BeRdcCatat B WaRtind miRRE Sgioncs P F G ohnPRukg
appl yi ng aoBfpyistd fb@m‘i’x@% 4 flgﬁalﬁ@oﬁd’éﬁéd PegoRerh shRBuPOsdbtrate. educe said

threshol d voltage of a ast” sone of Said NMOS transistors. -15 21 DEC
2006 WD 03/105232 PCT/US03/17918 22. The nethod of claim?2, wherein said

luralit t r.ansi st,or.s_ar.e c rised of at |east sone.P t ransi stors
D aai o diped TRRHROdcoREn AT PhESHh Romie o dEpah roen i 8 Pul AR o;
appl yi ng aowirisagperfeinfing th HARLHIINE PioRBss 0 fY Yaiddbgrdesgien.d vol tage of  at

| east one of said transistors conprises applying a negative voltage to said
N-doped region to reduce said threshold voltage of at |east sone of said

PMOS transj-st orgy, . glgthoﬁmg cggﬁ&ah%@ vfﬁereq% ?i%xgﬁrriég ﬁﬁf@goﬁwre Ihds g‘t‘fs@i fotr}furggf %f oped

transi stors are conprise eas ransistors and sai

regi on is ldagpede masking 18 ybevedapb$O1 selisaticaind paifomyifg e ich idgdantipageess to
vol t age toigfélid oped region to, V\?rié a_threshold vo|tage of ahtbs | east. one
of said triFHEeAent SIS WEQ saidpbYlknyibatrafe a6 Glopaid ROk SPOSHR Walaised

region to e,gpggg@@}sgd@ﬁjagdhg[a?g}]ol d voltage of at |east sone of said NMOS
transistors.” 24.” A nethod; conprising: providing an SO substrate

conprised of an active layer, a buried insulation layer and a bulk
substrate;,formn a doped regiqn_in said hul k substrate.under i d buried
houl ati o ayerbe nigial B D o sl SPrortil AT e 4% AR el
substrat e ¢dnpisedpeFoRRiAY anSeh dnpRAPAFbCERINAR an N/ RRIBYYt NHat8riMOdt tAdHahO

said doped region to vary a threshol d, voltage o; at | east one of said
plurality dasethay sanges dom approximately 10°"—10"" ions/cm”.

39.  The method of claim 24, wherein forming a doped region in said bulk substrate
comprises performing an ion implant process with a P-type dopant material at a dopant

“dose that ranges from approximately 10**~10' ions/cm?.

40.  The method of claim 24, wherein forming a doped region in said bulk substrate
further comprises forming a plurality of doped regions in said bulk substrate in an area
defined by a production die and wherein a plurality of transistors are formed above each of

said plurality of doped regions.

41.  The method of claim 40, wherein forming a plurality of doped regions comprises

forming at least one N-doped region and at least one P-doped region.
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25. The nethod of claim 24, wherein said active |ayer and said doped region
are doped wth the sane dopant type. 26. The nethod of claim 24, wherein
said active |layer and said doped region are doped with different dopant
types. -16 21 DEC 2006 WO 03/105232 PCT/US03/17918 27. The net hod of
claim?24, wherein formng a plurality of transistors above sa q ZUUB
substrate in an area above said doped regi on conprises form nz a pl ural ity

~of NMOS aRrglg BBgshr ansi stors above said SO substrate in a
sai d dopez}gregi on. 28. The nethod of claim 24, wherein sai dr}ff/%g reg| on IS

doped with an N-type dopant naterial, and \/\herel namjority of said
pl urality‘@f tr SIS ors a tranS|s ors.. 29, The net hod of .cl.ai.m 24,
a

P
wher ei n sard d om? 8t &f G I Wwa Phugality of fansistors g eqmppised pf at

wherein alemi @6mewxqb§ Q{'aﬂsﬁbkér ahd &¥idOdo Jieaaﬂ:gioatfer SorrRll SwithVaR th?ﬁbs U§1§&1’ES
30. The nethod of claim 24, wherein said doped region is doped Wth

N-t ype dopmt@nal rad evhiesgin aamicrlnmevcétage taaid pbmnda‘cgmy tovary raahmlmlrbwslta@c @f
conpri sed nI transistors. e r.ei n
caid doped?iadiint Ao tmgRRS e Hatises gy gt e Brscp SO dimsEftA L o
plurality toﬁndréaaasala&mgmad QoleARIIT laB REst Bbm@ M ¥ailINFO S krahsidtelsor s.  32. The
met hod of claim 24, wherein said doped region is doped with an N-type

dopant mat.erl al and wherein said plural | ty of transistors are conprised of

e e hodBof ai mt?&ﬁad}sdlﬁhoﬁf %el oped rez{hl¥t r??{trgn X% @B?ﬂﬁﬁﬁé)e{g fé%B

The net hod of c wher el n’sai

dopant ndtast sahe AMORhemeistorsaiddsajd drmﬂuégio@is doped S\hﬁ{[a)P-Syp&I’(Bpmnmtemﬁd of
i of NMOS jiransistors a plurality of PI\/DStra SISt

a pluralit

The met hoddrhersifiapp ing,p xpliags to 6?‘%14%’@6%%%%@ Yaey 2 dhreshol % aags ofkt feast
substrat e o easdi$ t n
area defi noed by aa Slr%g%lg%ﬁ g%nﬁrélﬁgﬁﬁﬂ?ﬁﬁgh%%&g%s%éﬁg%g 105 eﬁ I%giOH @
PCT/ US03/ 1r2éuc@ sa@3hresheldrvelthgoofoit laakstiomeef, said MO trimistorag a doped regi on
in said bulk substrate conprises formng a plurality of doped regions in
sai d bul k substrate.

44.  The method of claim 24, wherein said plurality of transistors are comprised of at
least some PMOS transistors and said doped region is doped with an N-type dopant
material and wherein applying a voltage to said doped region to vary a threshold voltage of
at least or)le of said transistors comprises applying a negative voltage to said N-doped

region to reduce said threshold voltage of at least some of said PMOS transistors.

45.  The method of claim 24, wherein said plurality of transistors are comprised of at
least some NMOS transistors and said doped region is doped with a P-type dopant material
and wherein applying a voltage to said doped region to vary a threshold voltage of at least
one of said transistors comprises applying a negative voltage to said P-doped region to

increase said threshold voltage of at least some of said NMOS transistors.

46. A method, comprising:-

providing an SOI substrate comprised of an active layer, a buried insulation layer

and a bulk substrate;

forming a plurality of doped regions in said bulk substrate under said buried

insulation layer within an area defined by a production die;
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36. The nethod of claim 24, wherein form ng a doped region in said bulk
substrate conprises performng an ion inplant process to form said doped
region. 37. The nmethod of claim 24, wherein form ng said doped region
conprises formng at |east one nasking | ayer above said SO substrate and
perform ng an ion inplant process to inplant dopant atons into ﬁﬁhﬂgbU|k
substrate in areas of said SO substrate that are exposed b T ski ng
| ayer od of claim?24, wherein formng a doped rgg i id
bul k substré?%ﬂﬂg%ﬁbrlses perform ng an ion inplant process]ﬁﬂ?ﬁggﬁﬂﬁﬁ€ype
dopant material at a dopant dose that ranges from approxi mately 1014-1016
ions/cn2. 39. The nethod of claim 24, wherein formng a doped region in
said bul k substrate ? {ISGS perform ng an ion inplant process with a
P-type dopant HeFERE & Pluglity Qfdmpststory a@%vet st S%ﬁ&vé%atﬁ iﬂb?ﬁ atspabayerseela Py
1014- 1016 ions/g hod of claim 24, wherein formng a doped
region in said gq%fp g?%?%fgﬁffurther conprises formng a plurality of
doped regions in said bulk substrate in an area defined by a production

di e and wher ei rpplyigvdltagt Yo of lcist @06 bSEQﬂﬂo@é&eF@hﬁﬁﬁvaﬁ?@ﬂ&eﬂMv&fage%ﬁl d
plurality of doped regions. 41. The method of claim40, wherein formng a

plurality of débdeastedficont seishpluraly of drampisigrsaformed saboyaesaid doped eigh on

and at least o 21 DEC 2006 WO 03/105232
PCT/ US03/ 1’7918%4‘%’@#@‘?9’“{1gﬁ‘ggaovflégal m 24, wherein said plurality of

transistors are conprised of at |east sone PMOS transistors and said doped

regi on i s 4dopedrhsi ihéthad olNclayip etod obastin forRligy b pluraiftg ofiehRitorsaBPlY bdid SOI
voltage to said doped region to vary a threshold vol tage of at |east aone

of said trsah%t’faé‘i 8 §n @8fpf Oyéseaabmfﬁavfdgd@pqslo@gtom@omenseég‘enmgsaaphlrwn&éed
regi on m %gi&r? Q&%‘% s\éﬁz%éﬂ bfratdin &F;frg& A r‘?‘ﬁ 315%;&(%5

tranS|stors ereln sa

tran5|st0ﬂsgan$ conprised of at |east sone NMOS tran5|stors and sai d doped
region is doped with a P-type dopant material and wherein applying a
voltage to said doped region to vary a threshold voltage of at |east one

of said transi Sy SehOIRTICERS APRINER a@leﬁ?tsdr{e' (%f‘;safﬁodog)ég?eél ssr%'dil)pg)d deomed
ge o ast

region to reduce said threshold volta sal
t ransi st oras. N4ype ¢®l®ntrmdmwl,o’cfnchh¢rmn2¢l majdrity eif said gilaralityuofatransistars formed

transi st Ol abofe Said Wope%ergggn are PMOS transistors.

49.  The method of claim 46, wherein at least one of said doped regions is doped with a
P-type dopant material and wherein a majority of said plurality of transistors formed above

said P-doped region are NMOS transistors.

50.  The method of claim 46, wherein at least one of said doped regions is doped with
an N-type dopant material, and wherein said plurality of transistors formed above said N-

doped region are compnsed of only PMOS transistors.
51.  The method of claim 46, wherein at least one of said doped regions is doped with a

P-type dopant material and wherein said plurality of transistors formed above said P-doped

region are comprised of only NMOS transistors.
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| east some PMOS transistors and said doped region is doped with an N-type
dopant nmaterial and wherein applying a voltage to said doped region to
vary a threshold voltage of at |east one of said transistors conprises
applying a negative voltage to said N-doped region to reduce said
threshold voltage of at |east sone of said PMOS transistors.? #BEC Jipg net hod
of claim24, wherein said plurality of transistors are conprised of at

| east so sistors and said doped region is doped w 3 e
dopant m”?vg?:\gﬁogia%g wherein applying a voltage to said dop?déf%]glogﬁ%ig
vary a threshold voltage of at |least one of said transistors conprises
appl yi ng negati ve yol.t .to, sai,d P-doped region. t increase ,said .

Lhr eshol d ol £ agis Bethafl of daim 4 whicesin SbjeastgnersfPishaped Brelons A f‘om@dg%tthod,
conpri si Ngin Nt opisht ahtcfdl afid Btlef Saifl YRNalifELk RinsRRréfdin¥ ab&WCaid -
buried insulation l'ayer and a bulk substrate; formng a plurality of doped
regi ons i rfloped dgegion krescdysprised of inploralitin o i NMOS ddinsistos bl 2 phurdliy of PM®8i n
an area dqfi n.ep by a production die; -19 21 DEC 2D06 WD 03/105232

PCT/ US03/ 17818 Fbr mi ng a plurality of transistors above said SO substrate
in an area above each of said doped regions; and applying voltage to at

| east one of said doped regions to vary a threshold voltage of at |east
one of said- pl @Fleﬂmﬁ?xodfoﬂc?aan%swb@r@m Wrlpast oavol/znid doned degiens is dgpashiwith a

subj ected §_ ' i val e, 4% .Th hod. of ¢l ai m,46 in
formng a %B@?goﬂ?@qg%teﬁglaaﬁ@ié o?ﬁsl Segéé’\l}ga@é’in%t IS%&J%EP?({aT%bé) v ﬁ%?’g?pgg
above, eaahbgioh &ei coripfied 6£Q phgality gl N3OS Rinkishers and! &lrphlirality 6f PNIYSS
and PMOS transistors above said SO substrate in an area above each of said
doped redfB¥SPr8. The nmethod of claim 46, wherein at |east one of said
doped regions is doped with an Ntype dopant material, and wherein a
majority of said plurality of transistors forned above said N doped region
are PMOS t¥ansiBiomsthod®f cldim 46p wherkioforoling mphtalitwhofideped mpiohe is said belkof
sai d doped _regions is doped with P-type. dopant materjal and wherein a
i o Ly GRS Cmbfise RS oatingAs Fartis B o Rarafsy odn s BoRSbRdPegi on

are NMOS transistors.

55.  The method of claim 46, wherein forming said plurality of doped regions comprises
forming at least one masking layer above said SOI substrate and performing an ion implant
process to implant dopant atoms into said bulk substrate in areas of said substrate that are

exposed by said masking layer.

56.  The method of claim 46; wherein forming a plurality of doped regions in said bulk
substrate comprises performing an ion implant process with an N-type dopant material at a

dopant dose that ranges from approximately 10'*-10'® jons/cm? to form at least one of said

doped regions.

57.  The method of claim 46, wherein forming a plurality of doped regions in said bulk
substrate comprises performing an ion implant process with a P-type dopant material at a
dopant dose that ranges from approximately 10'*~10"¢ ions/cm® to form at least one of said

doped regions.
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50. The nethod of claim46, wherein at |east one of said doped regions is
doped with an N-type dopant material, and wherein said plurality of

transi stors forned above said N- doped region are conprised of only PMOS
transistors. 51. The nethod of claim46, wherein at | east one of said doped
regions is doped wwth a P-type dopant material and wherein said plurality-
of transistors formed above said P-doped region are conpriséd 1T Y y NMOS
t ransi st ongg 3405321 DEC 2006 WO 03/105232 PCT/ US03/ 17918 dl&@T SRS hod
of claim 46, wherein at |east one of said doped regions is op/g wth an
N-type dopant material and wherein said plurality of transistors forned

above sai d. N ed regign,are, conpri.s of a plurali of, NMOS transi stors
and a pl u%agf i tﬁ%fmﬁkﬁg O?tc}aéﬁls?(’;t e§‘?m§gr.m]’f‘ﬁél Iﬂﬂ’?ﬁf&f%&&?ﬁ&?%ﬁ%@%@i n
at | east doeniaf abRbst ohePedop®icpids and afRRGGNWPPLdbpRd rdgidnyPe dopant materi al
and wherein said plurality of transistors fornmed above said P-doped region

are conprised of a plurality of NMOS transistors and a plurality of PMOS

transi storg. 54; . Oof iL.m 46 rei.n f.ormn lyral.ity of
doped regins. i heBnbE P Biif (o bAe? St LD kRl il R bR | on
i mpl ant  prooamsised of PMOS sahslstoapad 4 Gt ofisaid doped Mpfondas Bestdobitle b NTRyH6,
wherein foym said plurality of doped regions conprises fornmng at |east

m ng ) [ . .
one maski rfgPRR/BRteHRld Whersisepplyingst veltageda gt peast erephspid dopeshragiaes dat

process t Q4! Lot o sad d. . S J r. -.said
substr at eq{a%};a? tglr%gh&g%g{ééﬁbﬁgﬁ !selglgd&1 r?a(gflkél%ﬁ(g H%nlé%f/%érﬁg c&éﬁgﬁﬁgeébr@fl ﬁga @%lt@?ai m
46, wher eivoltage tn sagd AN-gopadateigion tofincregedaidethirashsldivoltage df silkist ssmbof saitle
conpri sesa%%bgglréagli nﬂ) an ion inplant process with an N-type dopant materi al
at a dop SIYAY ranges from approxi mately 1014-1016 ions/cn2 to form
at | east one of said doped regions. 57. The nethod of claim46, wherein
formng a plurality of doped regions in said bulk substrate conprises
per f or mi ngf’poan i B¢ athod of clpimcis svhaieitha firg-rlyplityddisaidt plumtity ¢ftransistoss are
opa oo Gplitbe bF ROS' FHMAREHRE ST OF sl oped fedicnd 18 aSPE it ' B-B'
' dopant material and wherein applying a voltage to at least one of said doped regions to
vary a threshold voltage of at least one of said transistors comprises applying a positive

voltage to said P-doped region to reduce said threshold voltage of at least some of said

NMOS transistors.

61. The method of claim 46, wherein a first plurality of said plurality of transistors are
comprised of PMOS transistors and a first of said doped regions is doped with an N-type
dopant material and wherein applying a voltage to at least one of said doped regions to
vary a threshold voltage of at least one of said transistors comprises applying a negative

voltage to said N-doped region to reduce said threshold voltage of at least some of said

PMOS transistors.

62.  The method of claim 46, wherein a first plurality of said plurality of transistors are
comprised of NMOS transistors and a first of said doped regions is doped with a P-type
dopant material and wherein applying a voltage to said doped region to vary a threshold
voltage of at least one of said transistors comprises applying a negative voltage to said P-

doped region to increase said threshold voltage of at least some of said NMOS transistors.
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21 DEC 2006 WD 03/105232 PCT/US03/17918 58. The nethod of cl ai m 46,
wherein formng a plurality of doped regions conprises formng at |east
one N-doped region and at | east one P-doped region. 59. The nmethod of claim
46, wherein a first plurality of said plurality of transistors are
conprised of PMOS transistors and a first of said doped regions_ is doped
with an N-type dopant material and wherein applying a voltagel B @b | east

one of saiwlodB8AYshPegi ons to vary a threshold vol tage of ath—@@%y%sof
said transistors conprises applying a positive voltage to said N doped

region to increase said threshold voltage of at |east sone of said PMOS
transistors. 6 The t hod .of ,cl aj m 46 erein a first pluralit. f said
plurality 6§f t?relllr?srpgtg% sot}e{gaém éér’?ﬁb?@éldé ylﬁﬂ/ﬁgﬂ?gea{?s‘i‘tgf’ﬁfgn%ﬁ S%{Mf °P§$ of

sai d dopedegiefi @SaryS GREMHOIAM IS of-at YRRt oH9BABLId PRIrSlity Df tRRsstoRefopad
applying a voltage to at |east one of said doped regionsS to vary a

t hr eshol d 2beye sajé depediregiemstbiented tof saidiappliedavieliage sompusayppplying volisegiofig a
iti .said R- ' i d.t hreshol | t
b0t 1 caAeROTAAR, Il ARRFRe| BB, 16 4 SRR B A AR e e

wherein a first plurality of said plurality of transistors are conprised
of PMOS transistors and a first of sajd doped regions is doped wth an

N-type ddéfant Therwethad oflaihd.cvhersimasnlyigs avoltage teget least qpe (of a8id daped of
sai d dopedcgiggl | . '
o oPedeH AL 15l BRI DBl ToXPUhe Rt sl il ISR 9t
Eo requ;:e abavo:g ;ald _rﬁpbn’b Ir:zgrx]mo lsml?gcmlecb_fo 9&14% lappli¢d sclmage @Pm@ﬁ?ei alpﬁlml : ;foltag]? of |
ransi stors. : e of cl aim 46, erein a_fir urality of sai
plurality 3 SW%W@E@P@@Q?%@ SamSRAMATLLY do amm@gnﬁps?@ql donstlaeEipRF - i rst of
sai d doped regions is doped with a P-type dopant material and wherein
applying a voltage to said doped region to vary a threshold voltage of at

| east one @ salht methediaft drimn d6nwhersis apnlpingivolfage tregfaleast ®ng aiftsaigedepeds ai d

P- doped reggi to_increase,said thr ol d vol t.a f at |east. so of .said
s 1 andEBPET S Qe USRS RE 0 e Vi It ofS ot 59 el £ P8 SISt
met hod of abbad mié@()ﬁ&m{c%igﬁinnswfd@{eﬂltﬂ@aiﬂ%b%aﬁ&ﬁvél%g@'fcoinﬁﬁ%s apPSifY volRketdlaped
regions tq vary a _threshold voltage of at |east one of said plurality of
transi st orlgast gpergfisaid doped regions to vary a threshold voltage of at least one of said plurality
of transistors formed above said doped region subjected to said applied voltage, a
magnitude and polarity of said voltage being determined based upon desired operational

characteristics of at least some of said transistors formed above said doped region.

66. A method, comprising:-

providing an SOI substrate comprised of an active layer, a buried insulation layer

and a bulk substrate;

forming a plurality of doped regions in said bulk substrate under said buried

insulation layer within an area defined by a production die;

forming a plurality of transistors above said SOI substrate in an area above each of

said doped regions; and

forming a contact to each of the plurality of doped regions.
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above sai d doped region subjected to said applied voltage conprises
applying voltage of differing nmagnitude and differing polarity to at | east
sonme of said doped regions. 64. The nmethod of claim46, wherein applying
voltage to at | east one of said doped regions to vary a threshold voltage
of at least one of said plurality of transistors forned abozﬁ Egggﬁdoped
regi on subjected to said applied voltage conprises applying P of the
sane magniwgdg/19884,t he same polarity to at |east some of saigl-fpReFi791s
regions. 65. The nethod of claim46, wherein applying voltage to at | east
one of said doped regions to vary a threshold voltage of at |east one of
said pluraity-of transistors fo d above said .doped regi on subjegted to
251 d ool 130 o e IRERET REHRIE o fiRG: s ne e tyine Yo adedd e anb F H
doped regidoped tepiotdl 66 vary 'y azbdo v&tdgaq&“ Rfledtt 0h&38kaidRuMfitySe Wardiswiral i ty
of transistors forned above said doped region subjected to said applied

vol t age, dormspbove said dapedesigion supjestedsapald uppliedgeoltagé.ng det er mi ned based
upon desired operational characteristics of at |east sone of said

transi stors forned above said doped region. 66. A nethod, conprising:
provi di ng 680 SQ nfethsl cahprisiagPri sed of an active layer, a buried
insulation layer and a bulk substrate; formng a plurality of doped
regions in said bulk substrate under said buried insulation [ayer within
an area defi ned®royidingmnodQt silatratti eompfrisediofign actve tayki, taybusied tinsutation tlayes
above said SO L.h,_an area above each of said doped regions; and
formng a conté@?gﬁ%ﬁgéﬁﬁh@F’the plurality of doped regions. -23 21 DEC
2006 WD 03/105232 PCT/ US03/ 17918 67. The nethod of claim66, further

conpri si ng applfgiiigig\WoddRaGesion 3 sdi@dalk KBS uA@irtaiRRGE 1dyeH vlReeih QaiMar y
a threshold voltage of at l|least one of said plurality of transistors
formed above sdalopedigpsian ringiaish bulkbjubstratd is slefned bapml isotitivo|regige exg8ding

met hod, conpri ${.00:.+ RLOVI di ' substrate conpri.sed of, .an actiV
| ayer, a burieahgﬁ'uﬁ%q¥%ﬂhﬁg§§$’§§ﬁﬁﬁhs %ﬁkngiﬁgPﬁggaﬂwvaﬁwﬁﬁ%05” o%@%
region in sai d shbitkats bégindai deptneiaiddipdd aedibye | ayer, wherein said doped
region in said bulk substrate is defined by an isolation region extending

forming a plurality of transistors above said SOI substrate in an area above said

doped region; and
forming a contact to the doped region.
69. A method, comprising:-

providing an SOI substrate comprised of an active layer, a buried insulation layer

and a bulk substrate;

* forming a doped region in said bulk substrate under said active layer, wherein -

forming a doped region in said bulk substrate comprises:

performing an ion implant process on the SOI substrate to introduce dopant atoms

into said bulk substrate across said SOI substrate; and

forming at least one isolation structure that extends through said active layer and

said buried insulation layer and into said bulk substrate to define said doped region;
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t hrough said active layer, through said buried insulation |ayer and into
said bul k. substrate beyond a depth of said doped region; formng a
plurality of transistors above said SO substrate in an area above said
doped region; and form ng a contact to the doped region. 69. A nethod,
~conprising: providing an SO substrate conprised of an active |ayer, a
buried insulation |layer and a bulk substrate; formng a dode’l:lnﬁf @ﬂﬁ)n in
sai d bul k ywwehskipas® under said active layer, wherein form fDeR1s
region in said bulk substrate conprises: performng an ion inplant process
on the SO substrate to introduce dopant atons into said bulk substrate
across said SO substrate; and formng at | east one isolation structure

t hat extends t&rou. h sajd . active layer and said buried insulation |ayer
and into said PO §Lﬁ)§f[”1‘%l’ct$ of drapeistose akeyesaith BOY Splagialmin an orea 2bOY$=E8id 006
WO 03/105232 P@hpbipR3idn/94¢ formng a plurality of transistors above said
SO substrate in an area above said doped region; and formng a contact to
t he doped region. 70. A method, conprising: providing an SO substrate
conprised of arfoaninguasohti¢eto thadbped regionnsul ation |ayer nd a bul k
substrate; formng a doped region in said bulk substrate under said active
| ayer, wherein said doped region in said bulk substrate is defined by an
i sol ati on Hegi dhmethaedheemprisingrough sai d active layer, through said buried
insul ation layer and into said bulk substrate beyond a depth of said doped
region; formng_a .nlurali f transi stors .above said SQ syhstrate.in an
area above sai 3’f°‘6‘§}5‘§o‘mr gé?/(%ﬁt?s“é‘"?dc%%‘?p 9 28 aghys yer @ggwadn%’iaﬁ@& 12¥88i on
to vary a thresliod sulkehbst@e;of at |east one of said plurality of
transistors. 71. A nmethod, conprising:

forming a doped region in said bulk substrate under said active layer, wherein said
doped region in said bulk substrate is defined by an isolation region extending
through said active layer, through said buried insulation layer and into said bulk

substrate beyond a depth of said doped region;

forming a plurality of transistors above said SOI substrate in an area above said

doped region; and

applying a voltage to said doped region to vary a threshold voltage of at least one of

said plurality of transistors.
71. A method, comprising:-

providing an SOI substrate comprised of an active layer, a buried insulation layer

, and a bulk substrate;

forming a doped region in said bulk substrate under said active layer, wherein

forming a doped region in said bulk substrate comprises:

performing an ion implant process on the SOI substrate to introduce dopant atoms

into said bulk substrate across said SOI substrate; and
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provi ding an SO substrate conprised of an active layer, a buried

i nsul ation layer and a bulk substrate; form ng a doped region in said bul k
substrate under said active |layer, wherein formng a doped region in said
bul k substrate conprises: performng an ion inplant process on the SO
substrate to introduce dopant atoms into said bulk substrat ezlggg[pmﬁsai d
SO substrate; and -25 21 DEC 2006 WD 03/105232 PCT/ US03/ 179 ormng at

| east one Wé%)%%;ﬁ'i structure that extends through said actipy [k@yﬁbﬁgd

said buried insulation | ayer and into said bulk substrate to derine sard
doped region; formng a plurality of transistors above said SO substrate
in an area above said doped region; and applying a voltage to said doped
region to vary a threshol d volta%e of at least one of said plurality of

transistors. 7J0rminget henst ope glation fuciyre that exigndmthamehsaidsactise dayebapd | sed
of an active | r [ i | At . b te.. .
formng a plur g?ﬁlatb)}l r%fi %%ag n}%}?‘gﬁ%inﬁﬁ Ségﬁgfkbsﬁlﬁ%gaégg)s%&ig{: g&f{ij?‘igée?l rggio &
active layer wthin an area defined by a production die, wherein each of

sai d plurality fofmidgpeplurdlgiofnfankiStosblbveUdakd SOPShibatage inSardgdeh ABEvYaidn
i sol ation region extending through said active layer, through said buried

i nsul ation Iay@P%W@Qﬂéén@ai d bul k substrate beyond a depth of each of
sai d doped regions; formng a plurality of transistors above said SO

substrate in a 2a above each.of said doped regi ;. and /i n
vol tage to at {Lgé@?r?%%g&g%geg rg%fdgl%% 9 é’ﬂ8r¥§ryt %&g?f?‘? a oﬁﬁgeeg%m%sﬁetoige
of at | east oneiddflusditflofransitdrty of transistors fornmed above said doped
region subjected to said applied voltage. 73. A nethod, conpri sing:

providing an SO substrate conprised of an active layer, a buried
i nsul at i o/ ay ¢k meghadl, gompridingubst rate; - 26

providing an SOI substrate comprised of an active layer, a buried insulation layer

and a bulk substrate;

forming a plurality of doped regions in said bulk substrate under said active layer
within an area defined by a production die, wherein each of said plurality of doped
regions in said bulk substrate is defined by an isolation region extending thrdugh
said active layer, through said buried insulation layer and into said bulk substrate

beyond a depth of each of said doped regions;

forming a plurality of transistors above said SOI substrate in an area above each of

said doped regions; and

applying voltage to at least one of said doped regions to véry a threshold voltage of
at least one of said plurality of transistors formed above said doped region

subjected to said applied voltage.
73. A method, comprising;:-

providing an SOI substrate comprised of an active layer, a buried insulation layer

and a bulk substrate;
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21 DEC 2006 WD 03/105232 PCT/ US03/ 17918 formng a plurality of doped
regions in said bulk substrate under said active layer wthin an area
defined by a production die, wherein formng a plurality of doped regions
in said bulk substrate conprises: performng an ion inplant process on the

substrate to introduce dopant atons into said bulk substrat ﬁaﬁﬁgﬁh@ﬁnsai d
substrate; and formng a plurality of isolation structures t d

through sai@ ¢3GbsMe | ayer and said buried insulation |ayer ﬁ?ﬂlll id
bul k substrate to gefi ne said doped regions; formng a plurali 3516)’?)?9%9

transi stors above said SO substrate in an area above each of said doped
regi ons; and applying voltage to at | east one of said doped regions to vary
a threshol d voltage of at. |east one of said plurality of transistors

formed above sé?la%a%aéﬁuﬁaéai eﬁgogqsibﬁeg@pw sad ukksubpiate apderowrtdgstive layer

within an area defined by a production die, wherein forming a plurality of doped

regions in said bulk substrate comprises:

performing an ion implant process on the substrate to introduce dopant atoms into

said bulk substrate across said substrate; and

forming a plurality of isolation structures that extend through said active layer and

said buried insulation layer and into said bulk substrate to define said doped

regions;

forming a plurality of transistors above said SOI substrate in an area above each of

said doped regions; and

applying voltage to at least one of said doped regions to vary a threshold voltage of

at least one of said plurality of transistors formed above said doped region

subjected to said applied voltage.
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