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Several problems arise with the miniaturization of devices, including short
channel effects, punch-through, and current leakage. These problems affect both the
performance of the device and the manufacturing process. The impact of short channel
effects on device performance is seen in the reduction in the device threshold voltage
and the increase of sub-threshold current.

More particularly, as the channel length becomes smaller, the source and drain
depletion regions get closer to each other. The depletion regions may essentially
occupy the entire channel area between the source and drain. As a result of this

effective occupation of the channel area by the source and drain depletion regions, the



occupy the entire channel area between the source and
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selecting the proper ratios between the different heights of the different fins.

Disclosure of Invention

The present invention provides a FinFET device that has a first fin and a second
fin. Each fin has a channel region and source and drain regions that extend from the
channel region. The fins have different heights. The invention has a gate conductor
positioned adjacent the fins. The gate conductor runs perpendicular to the fins and

crosses the channel region of each of the first fin and second fin. The fins are parallel
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masking layer(s) are removed and a second mask layer(s) is patterned. Next, the
method etches the oxide not protected by the second mask and then the mask is
stripped. The process proceeds with the etching of the active silicon selective to the
exposed oxide to form fins. Then, the method patterns a gate conductor over the fins
such that the gate conductor crosses channel regions of the fins. Final processing is
well-known in the art and will not be discussed here.

The invention also provides a method of manufacturing an integrated circuit that
has FinFET devices. First, the method forms an active silicon layer on a structure.
Next, the method patterns a mask above the active silicon layer. The method then

performs a thermal oxidation to reduce the height of shortened regions of the active
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Figure 6 is a schematic diagram illustrating a stage in the inventive process of
manufacturing FinFET devices;
Figure 7 is a schematic diagram illustrating a stage in the inventive process of
manufacturing FinFET devices;
Figure 8 is a schematic diagram illustrating a stage in the inventive process of
manufacturing FinFET devices;
Figure 9 is a schematic diagram illustrating a stage in the inventive process of

manufacturing FinFET devices; and

Figure 10 is a flow diagram illustrating a preferred method of the invention.

Best Mode for Carrying Out the Invention
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Figure 1, the fins 32 shown in Figure 2A extend into and out of the page and include
source and drain regions 4 at their ends. As shown in Figure 2B, the gate 90 runs
perpendicular to the fins 32 and crosses the channel regions 24 of each of the fins 32.
As shown in Figure 2A, the invention can use more than one fin per single
FinFET. As shown in Figure 2B, all the sources and drains of the different fins are
electrically connected to external wiring 25 so that all of the fins 32 act together when
gating the conductivity between the sources and drains. By using multiple fins, the
circuit designer can increase or decrease the channel area 24 that is exposed to, but
insulated from the gate. Therefore, for fins having the same length and height, two fins
would double the effective channel width when compared to a single fin, three fins
would triple the effective channel width, etc. Further, by providing the designer with

the ability to use fins of different heights within a single transistor, the invention allows
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the oxide 33 are selectively etched with respect to the oxide 31 to form the fins 32.

Fins 80 are formed in region 41 where the height of the silicon 32 was reduced in the
oxidation process (discussed above with respect to Figure 5) while fins 81 or formed in
areas where the height of the active silicon 32 was not reduced. Therefore, fins 80 have
a reduced height when compared to fins 81. In Figure 9, the conductive gate material
90 is deposited and patterned. In addition, as is known in the FinFET art field,
additional processing occurs to complete the transistors. For example, the regions of

the fins extending beyond the gate material 4 are doped to create source and drain
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conpared to fins 81. In Figure 9, conductive gat'e
mht & theinverg®ni dpdepmtivnec the finpast evared byltie gade condmator to form
as i s known. in .the EL%]gET art field, additional

pPOEESEIHGHGERIPS 1P Rplete the transistors. For
exanpl g5 sﬁ&%l'l H58eOfie él?ﬂfenéﬂn? grdcxfi(ﬂ% e RN d?)gtrgfey\%? g}etnﬂégght of

gate material 4 are dope create source and
Whe 2568 4f 800280 MEFE TUSRA64/MIR6 4 givenedipooslloivitaningtod the channel

Iayeés are, forned, contacts are fornmed to the gate, .
sBifelo aghigve p spHain P eumange gpals [padditions the myvertion provides the

tFIB%isd Rkthoddiogs redbfiid @IS Mection of different fin heights.

The forgoing description includes a single high temperature oxidation process to
reduce the height of a selected portion of the active silicon that will be patterned into
the fins. This process could be repeated a number of different times using different
masks to create three or more different fin heights (as opposed to the two fin heights
discussed above). However the invention limits the need to perform a large number of
high temperature oxidation processes by utilizing the fin height ratios discussed below.

This methodology limits the fin heights (and associated channel widths) to
multiples (quanta) of a base fin height to simplify processing and allow designers the

broadest range of channel width choices while maintaining reasonable manufacturing

7



Wiile in Fig. 2B the patterned gate conductor 90 is
shown perpendicular to the fins containing channel
w0 e@iomIR4, it maybe advant ageous for the gatBCT/US2004/002647
conductor to cross the fins at an angle other than
niPHESs sengr ddig fing cen Heppaced flor Fieqiteaened greater e @ppioximately the

A 0 AT P R e
d egrineadithetitaptid 0N (ACEESBsddROEN Kaliddfhs @'Bﬁlld{gitgj@ﬂéher current

pl anes, to yield highest nobility of holes an
eldeesity pgsunit argp becausefeyer fins giohlddave t&-beutikzetiGo iashiave a desired

flow di agr.am whi ch .shows, gan odi nent of th .
Bl Rl HoWey o s HatId et ?ﬁ’ﬁﬁémwf %Fg%fﬁ@pnﬂé Wtidthssteps
n e ). - r : ' L s g
NESoatsETHAR) ST T AIRY, BRE bl 8¢ BRhlyidns,
ohoweieer dbisiwmild consooe dnaxeessive Bent ofchip esal-2Qdie. t he

i nvention patterns a k, .or sking | ayers, above
the ox bRty gyerk apqunrliBese ispaes. diranyensionashliphes pefengard that

ray HOREERliger
o et APk PR e OEP T R Pl e, PR

| expeigrentadiBn, theénvientoenhavenleterminedebatithie ratsrod®des optimal design
r. Next, initem 110, the invention

maski.ng | aye . .
p%‘ﬁ?té‘?qg@s‘gyss ddinplutipnaallogisey single high teraperamraexirgtion process to be

Sifith (SO W P t LOV | on tter t .
SRS e A g0l o 67y P B 1 o
f withi YAbLearkiotes, the erocessubbt fohagiRNemaihiid@rdchiiss infhe
item114. In item 116, the invention patterns gate

cBRRAERT8 Agesipk have indermedified Tndte consagatfsonsrthyotee made
il ! %iﬁﬂ%%%llle{ &dh %g%ﬁsggpécﬁ]ﬁ lp];écré s'e% %v%?JLAeIY%VF Irtig b%:] hﬁfged to form the

e’rnventi on S* portion

ceorracey) shyted, lieaigalede; end et Ge dmmitfaamé sIRRHE Eigis.and
drain regions in the fins. As shown above, the

i nvent TRMUSSrob rediazentiygione dua(3 rebafa-o!1:0067 ratiop istsbbwhtin Figure.

t i i Ej NFET._devi i t hi .
o S e A i L AR R B, i
agdhiAlyawa teedstiad Hei@ardf eid i) e FORad 9 sﬁdwsgtﬂfki thtRBh theuation

invention provides the follow ng nmethodol ogy
r WrAbdt Hythahis sbeve ediagent 69 transister BntTrhisisthe9Yhdssa chiheel width

f [ cription. ingl S si.ngl.e high. .

RSB R A RFLIIE: B gk Bt yppty e of

atwied/8 Gikight Ry tADshoRer taiaangla r#Ris8dr 93908 alchaineMvidn BE5/3 (as

patterned into the fins. This process could be

r SewatbyeqnatinenWe(5/8f x @h¥ beeaniiningrask3 heighgfinl imitherfatitheight fin.
ee or different f hei ght s

sks. t o, creat.e r I, . :
(Tl bEbER5e bl Bl iand Y Ecimard o il aSuBinodyns, virwany
HaweYinel Bedth YR h@fevell WiltSthb tﬁ?veﬁﬁ@lggﬁtﬁoﬁesﬁf)ﬁﬁmaﬁ altering the
| arge nunber of high tenperature oxiadation pr 0CEsees
bepangiid tranisistpr mraufacturingi pybdesseator dscrefisapugsldd bel ow.
Thi s nﬁ%h dol o Iim'btst e,fin,heiIghts.(and )
associ esgoen %sg%giwnva QY dhe yention allows FinFET devices to be tuned
according to a circuit designer's needs through the use of multiple fins that can have
different heights. Further, the invention establishes an optimal height ratio of one to
2/3 to allow high channel width granularity without sacrificing yield and without
disturbing the conventional transistor manufacturing processes.
The finer granularity of channel width enabled by this invention allows those

circuits whose operation is critically dependent on the relative drive strengths, or

performance, of the transistors within, to occupy less physical area than would

8



mul ti ples (quanta) of a base fin height to sinplify
processi ng and al | ow designers the broadest range of

w@e bannai29si dt h choi ces whil e nmai nt ai ni ng r easoPEU82004/002647
manuf acturing 7 WO 2004/100290 PCT/ US2004/ 002647
p ptgexise be ppssiblahEuftharmorsa navewsgaté chamelwidtie qarebeeachieved in

reat e han a OXI ely the . lithog hy scal e
( e ERefil bty PR e a0 AP diseRARID e Bbliecironis,
tﬂ%eﬁb&% Ae8 to EQVERGodH kib@giRRphi cal |y (as discussed
above). ? | er fins would give higher current density

per un iWhlber tha ileotions bast ee dedaribed wntetds bpreferedkembodiments,

u illéﬁﬂ % 1gchlev a desired channel w dth; however,
08¢ HBuFUae att Wl ée%gﬁ&?é%a%?e in¥FR{on ER PR PEACHRPAPHD
Shﬁﬁﬁmaﬁﬁﬁ’%ﬁlﬁ{ thgr &é))e é@l{deﬁ JA§mgt 11 al | ow
finer granul arlty c ann [ w dt hs; owever, this
mould consune an excessive anmount of chip real - est at e.
E‘E‘fﬂﬂ ‘n‘&o wor k around these issues, the invention
e lndysfriakApplicabilifydard that the smaller fins will
have - II fLns Throu
experi ?r‘eg?d aYtg P%%rp{s ‘ﬁéfﬁl %@@%tﬁgfrds&ﬁgl\]/ﬁe‘:% f? ?Ifﬁievé%fs %m
t parsiculatly deviceasboagmisit figl@brrele sia@distok0l uti on resul ts.
This solution allows a single high tenperature
oxi dation process to be wutilized (thereby maintaining
high yield). Further, by formng the heights of the
fins wthin 1/3 of each other, the processing that
fornms the remaining structures in the transistors
does not have to be nodified. To the contrary, if sone
fins were made dramatically snmaller than others,
speci al processes would have to be utilized to form
the contacts, source, drain, oxide, etc., for the
dramatically shorter fins. The use of the inventive
one to 2/3 ratio (e.g. 1:0.667 ratio) is shown in
Figure 9. In transistor 91, the channel width is
equal to one (which, as discussed above, it is
actually two tinmes the height of the fins). Figure 9
shows this through the equation W-(1) x 2h that is
shown adj acent to transistor 91. Transistor 92 has a
channel width of 4/3 as shown by the equation W(4/3)
x 2h. This is acconplished through use of tw 2/3
hei ght fins. As another exanple, transistor 93 has a
channel width of 5/3 (as shown by equation Ws(5/3) x
2h) by conbining a 2/3 height fin with a full height
fin. Therefore, by utilizing full height and 2/3
height fins in multiple conbinations, virtually any
channel wi dth can be achieved with the invention
wi t hout substantially altering the standard
transi stor manufacturing processes or decreasing
yi el d.



Therefore, as shown above, the invention allows Fi nFET

devices to be tuned according to a circuit designer's
woe@daobr ough the use of multiple fins that CREI/EHS2004/002647

different heights. Further, the invention establishes

anv s Simedisshe ratio of one to 2/3 to all ow high

channel width granularity w thout sacrificing yield

and wi thout disturbing the conventional transistor

manuf act BmFRT devieesapsisinghe finer granularity of

channel width enabled by this invention allows those

ci r cui R4IgiHES S0 prd asgcond fis (81 eachdin somprémgiechianoel region and

' ' hs, f or, , of th
¢ PSnE Ak el AR A b sl BB BEER 2 et ¢ han
woul d §/n¥RiR 044 Fit8RI80 Pl sk PR 65 hatd {iﬁ?f&i‘&él?ﬁeigﬁts.

possi bl e. Furthernore, narrower total channe

can be achieved in these circuits, thereby resulting

I H | ov 0 I.ssi.pation of the resulting circuits,

V\z’e nc on&%g}lﬁj} %’V&C&ﬁg (—fffﬁ‘l"flgn gﬂrﬂ’ﬂ' FRIEPHTIAS 2 Shigicradydgier (90)

| nvent heuitidirel AARREnABRIILAM shill PR i
enbodigents, tﬁ%se skilled Fn thelg??gﬁf nﬁ?é%g f%ﬁ?mhwuﬂ

t hat tf@siahseaglonl saty-soeempamicinededt ddgides withdie§jeeetol saidl first fin.
within the spirit and scope of the appended cl ai ns.

I ndustrial Applicability The invention is useful in

the fiehdrpiFETedviRREUGIR"N, %Sff?ﬁ“eﬁ”gﬁg% ?g%tg conductor (90)

particul arly devices conprisin

t r ansi pesiticned AdACeR G0Id/ QTR ARG 445800 OPRGEiA sailiate
is d ain%d is: 1. A FinFET devjce conprising: a first

fin (SERILHNGT s Pemsadiclar fogaid fisshbin apd paid seaonil Sinng a
channel region and source and drain regions extending
fromsaid channel region, wherein said first fin (80)

ahd sallk BieEBAdlelica il 8hjm Bawkerdinfshity @ité cdiriulol B90) crosses said
The Fi nFET device_in claim1, further conprising a

gate cHMBRRlEEHoR ghgachof said fissiEim andjsaeandfimai d fir st

and said second fin, wherein said gate conductor runs

at an angl e of sixty-seven and one-half degrees wth

respecthet BnEBT dietice &t clhinh1, Wherdin@afd cETn (8 a6 sdifd second fin
clalw%% further conprising a gate conductor (90)
(81) are parallel to one another.

6. The FinFET device in claim 1, wherein a ratio of the height of said first fin (80)

to the height of said second fin (81) comprises a ratio of one to 2/3.

7. The FinFET device in claim 6, wherein said ratio is used to tune the

performance of said FinFET device.

8. The FinFET device in claim 6, wherein said ratio determines a total channel

width of said FinFET device.

9. An integrated circuit comprising the FinFET device of claim 1.

10.  The integrated circuit in claim 9,

10



positioned adjacent said first fin and said second
fin, wherein said gate conductor runs perpendicul ar
wao 2003a0t9d i rst fin and said second fin. 4. ThePE/nEH14/002647
device in claim3, wherein said gate conductor (90)
cr ossedvhsedina flrﬁtrgatm@lndu@gn 18 mostlombztdjm‘ensml sdidffirstsfiin (80), and

fin. 5. The,FinFET d C claiml1,
o I <2 A pttfvon? perpBeufiosal st R ki (31)
are pakgletegh a%&oﬁﬂ%a@%hﬁ'l?&or i poéﬂl@néa BN T A%In%ﬁhi?%eéd?ld fin (80)
claim1, wherein aratio of hei ght sal i st ’
f and §80 ):econ(b guteeohdiaydrtrund pamtmﬂusﬁmdn daiflisacqnd¥jn (81).
conprises a ratio of one to 2/3. 7. The Fi nFET device
inclaim6, wherein said ratio is used to tune the
f
DAL o TheS A B FLNTER 86,068 a1 P R fucor cosses s

total chamaklegioniodtshiddfrstsai GO)iand vhegtdn k£i@ se®nd Abte conductor
integrated ci I‘E:Fﬁl t conmprising the Fi_nFET devi ce of

cl ai m §rossepgaidphanneh regiomelegidsecerd fin($l)cl aim 9, 10 WO
2004/ 100290 PCT/ US2004/ 002647 wherein a first gate
conductor is positioned adjacent to said first fin

(8R), @helintegratdd tircit ingAdien T,onbueih Qlratid!BSthe height of said first fin
perpend| cular to said first fin (80), and wherein a

second (& tethedsiahé phyaid sccpad fini(Sheawmptiseseratiotd osatai2/3.
second fin (80), and said second gate conductor runs
perpendi cul ar to said second fin (81). 11. The

I 03.egr Thethtédrated circdittinCdl@nM 21 WheWdi€ 6 AH PatfiAik dsdd tbstﬁne the
- gate conductor crosses said channel region of said

first PQ‘YFPY(I@weOfa%HiWQ@Ftel n said second gate conductor
crosses said channel region of said second fin (81).
12. The integrated circuit in claim9, wherein a ratio

of4.t heTheingdprated cﬁ’@hﬂmfdlzﬁﬁlt 17, wherciB9aid tRid dteerhied Iaharﬁfel widths
sai d secondflnr&&'{) rlsesaratlo of one to .

13. Thef said Gegk Hi candémdtsecqndﬁlaFﬁle wher ei n sal d

ratio is used to tune the performance of said

circuit. 14. The integrated circuit in claim12,

wher ei An stk ghate@iciouill 86RpANES ﬁﬂ@lﬂ_ﬁl@f PUFHTGevib a&%kﬂgg to

first FinFET and said second |nFE 15. An integrate
ci rcui¢laigohprising a plurality of FinFET devices
according to

16. A method of manufacturing the FinFET device of Claim 1, the method

comprising:

forming an active silicon layer on a structure (102);

patterning a mask above said active silicon layer (104);

performing a thermal oxidation to reduce a height of a shortened region of said
active silicon layer not protected by said mask (106);

removing said mask (108); and

patterning said active silicon layer into fins, wherein fins created from said
shortened regions have a smaller height when compared to fins created from other

regions of said active silicon layer (112).

17. The method in claim 16, further comprising forming said structure by growing a

bottom oxide on a silicon substrate (100).
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claiml1l. 16. A nmethod of manufacturing the Fi nFET

device of Caiml, the nethod conprising: formng an
wa@eaouae0290 | i con | ayer on a structure (102); pRCT/E82004002647

a mask above said active silicon |ayer (104);

pédf or hegnethadriaciain 16x ivbereirospid pattezning of saithettie silidondayer

shortenﬁg region of said active silicon |ayer not

pr ot ect B 6YPRLSS nask (106); renoving sai d mask

(108); paidnindlals8tdHdHaskd)var 864 h&ﬁre%gﬁdoﬁ%yek;%%r Into

fins, wherein fins created from sai short ened

r egi onstchargeegiosnel dagl achiee ghicomtayer incongad Bids.t o fi ns

created fromother regions of said active silicon

| ayer (112). 17. The nethod in claim 16, further

c ri g } NS aild . '

ok de. andhe T SR b CB TR pl B e B BEY over
PCT/ US240 £ihe 0t Kat shill galdeondationckobses chaingl ffionlo€ s fins (116).
said patterning of said active silicon layer (112)
conprises: patterning a second mask over said active

shhico r . chi ng.: | f .d_active .

St conty BBHon idRim st BhGil 0L ARRRT ol @B Bidrelog

16, f ucdhmilled armpdusd $agd RephitQTRhAGhSrtErRke£OR ISBAT the height of
over said fins such that said gate conductor crosses
channefaid agfiversdlicon laygrd fins (116). 20. The nethod in
claim 16, wherein said thernal oxidation process (106)

is controlled to reduce said height of said shortened

r2Di onThOmhddah clahtft 168WBEEindaid Hainshl dkidavien pidck&QM06) is used to
| ayer. 21. The nethod in claim16, wherein said

t her natung sheperfosmapteqd seid Hinldg) dedceised to tune the
performance of said Fi nFET device. 22. The nmethod in

claim 16, wherein said thernmal oxidation process (106)

dzz.er NTRefmetholi@h Blairh N8/ WBreit sdid BeMhal DRI 54 BFJedss (106)

devi ce. 12
determines a total channel widths of said FinFET device.
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