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The present invention is directed to various methods and systems that may solve, or at least reduce,
some or all of the aforementioned problems.
35 DISCLOSURE OF INVENTION
The present invention is generally directed to various methods of controlling properties and
characteristics of a gate insulation layer based upon electrical test data, and a system for performing same. In
one illustrative embodiment, the method comprises performing at least one electrical test on at least one
semiconductor device, determining at least one parameter of at least one process operation to be performed to

40 form at least one gate insulation layer on a subsequently formed semiconductor device based upon electrical
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While the invention is susceptible to various modifications and alternative forms, specific

embodiments thereof have been shown by way of example in the drawings and are herein described in detail. It

should be understood, however, that the description herein of specific embodiments is not intended to limit the
35 inventjon to the particular forms disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as defined by the appended
claims.
MODE(S) FOR CARRYING OUT THE INVENTION
Hlustrative embodiments of the invention are described below. In the interest of clarity, not all features

40 of an actual implementation are described in this specification. It will of course be appreciated that in the
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formed in the substrate 12. The memory cell 10 is generally comprised of a film stack 11 that is comprised of

l'F

multiple layers of material. In one particularly illustrative embodiment, the film stack 11 is comprised of a gate

insulation layer 16, sometimes referred to as a “tunnel oxide layer,” a floating gate 18, an intermediate

insulating layer 20 (typically comprised of a layer of oxide 20A, a layer of nitride 20B, and a layer of oxide

35 20C) (a so-called ONO stack), and a control gate 22, The intermediate insulating layer 20 is sometimes referred
- to as an “inter-poly” insulating layer. The memory cell 10 further comprises sidewall spacers 24, a source

region 26A, a drain region 26B and a capping insulating layer 30 comprised of, for example, silicon nitride.

Although not depicted in Figure 1, one or more dielectric layers (not shown) may be formed above the capping

insulating layer 30. Thereafter, a plurality of conductive contacts (not shown) may be formed in the dielectric

40 layer(s) to provide electrical connection to various components of the memory cell 10. Additional structures
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techni qu ﬁl%rem, electrical test equipment 42 may be used to obtain electrical test data 46 for one or more semiconductor

devices 44, such as memory devices or transistors, and using that electrical test data to control one or more
35 characteristics or parameters of the gate insulation layers 16 to be formed on subsequent devices. By way of
example only, the semiconductor device 44 in Figure 3 is depicted as having a plurality of gate stacks 11
formed thereabove. For example, as indicated in Figure 3, the electrical test data 46 may be provided to a
controller 48. In turn, the controller 48 may determine, control or adjust one or more parameters of the process
tools 50 that may be employed to manufacture gate insulation layers 16 on subsequently formed devices, e.g.,

40 transistors, memory cells, etc. In the illustrative embodiment depicted in Figure 3, the process tools 50 are
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tools 50 using the determined or adjusted parameters to form the gate insulation layers 16 on additional
35 semiconductor devices.

As another example, if the electrical test data indicates that the duration of the programming cycle for a
memory device or cell is too long or exceeds allowable specifications, the thickness of the gate insulation layer
on a subsequently formed memory device may be reduced to thereby reduce the programming cycle time on the
subsequently formed devices. Similarly, if the duration of the erase cycle for a memory cell or device is deter-

10 mined to be too long, then the thickness of the gate insulation layer on subsequently formed memory devices
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for a system, or similar electronic computing device, that manipulates and transforms data represented as physical,

15 electronic quantities within the computer system’s registers and memories into other data similarly represented
as physical quantities within the computer system memories or registers or other such information storage,
transmission or display devices.

An exemplary software system capable of being adapted to perform some of the functions of the
controller 48, as described, is the Catalyst system offered by KLA Tencor, Inc. The Catalyst system uses
Semiconductor Equipment and Materials International (SEMI) Computer Integrated Manufacturing (CIM)
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ever'é occur. Bas edl!ﬁ et m’t’eﬁtemdet el"?‘ﬁ1 Heﬂl"e&tﬁ‘# &% ivBieys 6%/ g‘Pﬁ‘fe"pr‘B‘&? nenpraRsriiey @pd

or the er ‘é’é@“@’vw efa Wlnselasonalebjeu@smlnmselwmyal et daechnd b eystelneforpeid@ARS same. In
par anet er gne uﬂ&@ﬂa’cﬂv@ erﬁ&ﬁﬂleﬂg the hﬁ‘eﬂﬂatc d&'lsésrb%f'f&ﬂﬁnk af léaﬁ%% §1eé?ﬁ]ca¢]@§ on lip REY 'fﬁﬁ@t ly

for med mepor Yy dee 4 chi eve sire ustnment s I ckness o

gat e i nsuf“at T on° ?rgev&e %V“H‘B%Ftr}‘@jmcﬂ‘}%paéﬂmeﬁﬁ?fét psh eneEocess PReSALipREYA 08 PasiaERed t‘Upon
t he el ectfoincatl leatst@st gatkainsulation lagee o @ Gubskiqdndy formi@\sbifiiedhdudior gev,lce m&@r@ﬁgﬁn gBMIGES,
trapsi st Ofafs, ob@h& fromrmeyelée@icmuinﬁﬁrﬂ eﬁ ?Je:ﬂ?otcess fexta 1 cGIRpr rTBecleotft Hétentmj?lg&/

tend to exhibit the desired electrica manc arac eri%stress

Mor eover , PRETRERO ?fg‘ tE%%"}t%l’(’i‘f"éﬁt‘P% lygs Thfome W@b@ﬂ@“i@e F%‘I?F@Pf%@?vicay ermel®ar e
controll e@vms@maamm vénry prodied. Th 6tidr eflbddanents, e BSAIFHIR:@ devilRVY @t&ﬁsﬂ&ﬁv?hea
better chanegudion WESELL B ortant to the end
users of hgt,%he br Snugg &. Qfoi}ﬁ%d gg g‘r%g r(%éecy(’: slaqrrllgeeém a Fﬁ%ﬁé"%sf ?rt?éiflfoélf“@’d
ermbodi mert*$he controller 48 is a conputer prograrmed with software to

i mpf ement  t heThe padduiae asbodReak Idbﬂd;echﬂibﬁﬂ de illMAra®R\6eT, as&lhﬁmfeﬁtﬂﬁ%a? B modified

descri be erfo

control | garn Ié Bﬂé%itrcéggn 8%%&%&{1 g{m'ﬁgﬂ sem r(% 5 H)g' GEEoF OSﬁﬁlﬁﬁ%ﬂ ?\3 At ﬁ@""ﬁ %e*’?eﬂ/"f theor
exanpl e, AR dpfeiro|Foe anmsleme REpgeshateny sttafforth ehowd meo bt pasfoined it haliffetest orded t 0
control [Huakesse, Ry linpRioa dr@ﬁh&n&eh I‘t@t}ig bl ofbdnstREtiod oP Qésigh QiR §hoBm, other than as

sem cond Alte nat | vel e contrqller 48 may
be a | oweLHrégcfhged m%%g ?tlaorw tha ?here(f:oéen gt dhafy TWBIF‘[ %‘/’lﬁ’ﬂ‘%’“?ﬂm qsgloged abpye mpycbe
ma?n‘bf act [ererh o ’aeqlﬁefitayd al\speliovagiptions bre comivered iwlitein tUBscpey andespizit o1 @l dmaltbie
devi ce, QtccoringlBthe pRREHDE soWBht BEEIn Rlas FPHA Bhe thfsBEAFESS tools 50. However,

as will be appreciated by those of ordinary skill in the art, a har dwar e
controller (not shown) designed to inplenent the particul ar functlons may
20 al so be used. Portions of the invention and correspondi ng detail ed
description are presented in terns of software, or algorithnms and synbolic
representations 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 substance of their work to others
of ordinary skill in the art. An algorithm as the termis used here, and
as it is 25 used generally, is conceived to be a self-consistent sequence
of steps leading to a desired result. The steps are those requiring

physi cal nmani pul ati ons of physical quantities. Usually, though not
necessarily, these quantities take the formof optical, electrical, or
magneti c signals capable of being stored, transferred, conbined, conpared,
and ot herwi se mani pul ated. It has proven convenient at tinmes, principally
for reasons of common usage, to refer to these signals as bits, val ues,

el enents, synbols, characters, terns, nunbers, or the |iKke.




30 It should be borne in mnd, however, that all of these and simlar terns
are to be associated with the appropriate physical quantities and are
merely convenient |abels applied to these quantities. Unless specifically
stated otherwise, or as is apparent fromthe discussion, terns such as
"processing” or "conputing” or "calculating” or "determning" or
"di splaying” or the like, refer to the actions and processes of a conputer
system or simlar electronic conputing device, that mani pul ates and
transforns datpAressy esented as physical, ;5 electronic quantities within
t he 'conmput er 'System s registers and nenories into other data simlarly
represented as physical quantities within the conputer system nenories or
regi sters or jother, sugh Jjnformation storage, transm ssion or display
devi ces. An é)’(errpl‘%ﬂ? PRSIy st em capabl e of being adapted to perform
sonme of 5t he functiRAs 5t ] ' | yst
system of fered by;%LAr@}ifgﬁcég??asf%gg El‘%ﬂéﬁ%a%gﬁ ?/Igtét %ﬁ@éﬁ%gﬂeﬁ;@?%&%&%
Seni conduct odeEgninsmedvratiomcoftpregianinsing oy ele patfomal or( SEMI3shGaemortyedevice:
| nt egr at ed Manuf a(r?t{.éri n C{ -7 WD 2005/ 010977 PCT/ US2004/ 017091
Framewor k conpl i afnt W’ﬁ@rf i%ﬁ%?)‘i‘ Sreaneter ot plslegsisene processeonsaiignciogbe
Process Cont petfornd¥dGh fofra e WesK §§.ME 2 = R
Speci ficati O'E for CI'M Franewor kO%co%tiMnlﬁAr C ?ﬁ%‘%ﬂ‘?ﬁ? sg%fﬁﬁ%i&@'(%g%}ed flash
E93- 0999 - PRSMAY devire bised uponsaid detefroinedidutaion wEsaid prodtammirricyieley asd s
Cont r ol nConponent specifi.catjons are publicly avail able_fr. SEM . .5 The
presen!tloi nvent i onP7E° a'n%?aéﬁlaéieaf roé’t‘?tpé%‘“petg%"%? W%Sﬁgﬂgsadgwﬁtéﬁfl%ﬂm ng
properties aldst cHbpattictir t6 forabsdd atleastidhe igaftUhallatRm 1hyt¥ 8h sBRASRHsdiRety
electrical test data, and a systemfor performng sane. In one
i |1 ustrati velosmse daskmemorndevies: hod conprises performng at |east one
electrical test on at | east one sem conductor device, determ ning at | east
one paraneter of at |east one process operation to be perforned to form at
| east one gal.e i nFhd ateitond dfajedi 1Qwiréit PeefaHAMEsYidf 0 1BCoriTe &Rl Uekin
devi ce-ﬁ)ased upon el ectrj cgl 10 data obtained fromthe electrical test, and
perforfi ng at™ é"a]ﬁﬂdﬁ‘éfiﬂs &sguory slevice i forhereprisetiperforntieg aaid ait Maseone
par aneter t -t i i ol . nbadi ts, th
Colb@AEAER o dafd 41884 Bhd A8 AeRlory 10viB0 EFadignne AFieS orledtit

sem conductor device is a nenory device, S

In ot her enthydikdemnsvoltage, sthnishokddwdtage, dlsticahaigs, an Int@fik Thavge, 4 happaiat e
insul ation | gyer may .be fornmed by a variety of processes, such as a l?hermal
growt h procedd&5r 2] & O?Pd%‘rmdel@n%e particul ar enbodi nents

di scl osed above are illustrative only, as the invention nay be nodified

and practiced in different but equival ent manners apparent to those skilled
in thebart Ravi nglhehmethed of claimfl, wherein etlehstngs pheess sperdfion iexemptised éthe

process ste fordh above may be forpmed in a different order.
Fur t her nor el,%%%Sﬁan%qfﬁp%sﬁ%ona‘?rgc‘%/sﬁﬁﬂﬁgzﬁew BFO¢FSs of construction or

desi gn herein shown, other than as described in the clains below. It is
therefore evident that the particul ar enbodi nents di scl osed above may be 20
altered or ffedifiEw mefhodpf cleime i, wherein said ot least anersrasteniswbtiprised bfatscope
and spirit ' ' Accor di ngl he protection sought herein is
as s eP fort 2‘;218%31?%3?%;?3 r’r@g’l‘)%?’ & V\;?r%gsgre,ga Xﬂra%ion, process gas r}low €, a process

25 gas composition, a, liqu,id,:ﬂow rate, a liquid composition, and a power level setting.

5. The method of claim 1, wherein said gate insulation layer is comprised of at

least one of silicon dioxide and silicon nitride.

30 6. A method comprising:
performing at least one electrical test on at least one flash memory device to

determine a duration of an erase cycle performed on said flash memory device:



CLAIMS 1. A method conprising: 5 performng at | east one electrical test
on at least one flash nenory device to determne a duration of a
programm ng cycle performed on said flash menory device: determining at

| east one paraneter of at |east one process operation to be perforned to
format |east one gate insulation |ayer on a subsequently forned flash
menory devi ce based upon said determ ned duration of said programm ng
cycle; and 10 perform ng said at | east one process operation conprised of
said determned at | east one paraneter to formsaid at | east one gate

i hsul ation |ayer SRifn I rmed flash nenory device. 2. The
nmet hod of claim 1%&/{1ere| %L%Zg%g%r%ar%é%ar 3?4&%@{]05‘?1@” e8% PPeTRlgn fde on
15 said at | pedormekid famhatieasironedew Rulaton Mer 68 HUbSEReRSY fRhid ThsEai d
at | east one__el ectricabﬁéest on said at | east one flash nenory device to

det ermi ne at ALY dgHice bpsed unonsald fistgnminsd dugationsofishidesasologclepindage, a

state charge, an i ¢ harge, .a syrface charge, and
an erase cycle ti r}g&ff@%&%ﬁa{_ﬁ% 1%%% %I(?)ed‘g Ij(E))? ngf?)g?%ﬁgr} c%qg?gidr?%?ﬁl fermingg at
process Soper astornel parametpr fosorinahid Aledseast gt BsEbtiGERYS dd S ﬁﬂ)@&fix’éﬁﬂf”d a
t her mal growtfh r(r)q:eés. 4. The, nmethod of claim 1, wherein said at [east one
paraneter is %"5%8 ashipegiorydevicgast one of a tenperature, a pressure, a
duration, a process gas flowrate, a process 25 gas conposition a |liquid
flowrate, a liquid conposition and a power |evel setting 5. The nethod of
claim 1, whefein Fhe meghadof claimh &) whereimpyaforining @i ti Bad ok eidctridabRSt oPne

of silicon djgxi nd silicon nitride. 30 6. A npethod conprising:
per formi ng a%a% 8€1_eta§t Y SCHPPRa Qquee@l[t?l%codppmsgagprfgmng |saigtat %Eﬂﬁb?l}ﬁ
devicelQo delbaribalneston sail htlehfone g{aslﬁ Ehé?ﬁd'i'g Qebiehs d&%&ﬁ%g?gﬁagﬁ%n;ezétdao e

flash nmenory device: 9 determnin east One paraneter O
process oper 2erlglovinovaltagepa thireshoidi voltageon wtatet casges tin dterfgat chatges lwappean

| ayer on a s q orned flash neoor evi ce based upon said
det er ni ned dtﬂragefg% o%ges% ﬁee%iapam%écge?%rm ng said at |east one
process operation conprised of said determned at 5 |east one paraneter to

formsaid at_|east one gate insul ation_|ayer on said subsequently forned
flash meroryS-devi B¢ methophef ¢laiom 6 wherein stichngemenyedesiae ipeofmprisegf s aiatk at

compri S5 perTatditlaybe s fGfing e Bk pORFneAliboyy 35 A TUAOSA IR cact
one flash menermedietei insulbtiordbiyer positortd 46696 bai@ Moatthe @ate layer, and a control

gate layer positioned above said intermediate insulation layer.

9. The method of claim. 6, wherein said at least one process. operation is

20 comprised of at least one of a deposition process and a thermal growth process.

10.  The method of claim 6, wherein said at least one parameter is comprised of at
least one of a temperature, a pressure, a duration, a process gas flow rate, a process

gas composition, a liquid flow rate, a liquid composition, and a power level setting.

25
11.  The method of claim 6, wherein said gate insulation layer is comprised of at
least one of a silicon dioxide and a silicon nitride.
12. A method comprising:

30 performing at least one electrical test on: at least one memory device to

determine a duration of a programming cycle performed on said memory device;

10



breakdown voltage' a threshold voltage, a state charge, an interface
charge, a trapped charge, a surface charge, and a programm ng cycle tine.
8. The nethod of claim®6, Wwherein said nenory device i's conprised of a gate
15 insulation layer, a floating gate |ayer positioned above said gate
insulation layer, an internediate insulation |ayer positioned above said
floating gate |ayer, and a control gate |ayer positioned above said
internediate insulation layer. 9. The nethod of claim 6, wherein said at
| east one process. operation is 20 conprised of at |east one of a
. deposition proces - 3 r; 8 rowth process, 10. The nmethod of claim6,
vmgrei n said at Izdgwléé%grlg C2F BAAPEn of ak deask ong Procsss PPGAEOHIO he
tenperat ur e, paribrited o o atuleald offe gt iRhREn aTer’ bRV sBERquihilh’ RERSE
gas conposition, a Jiquid flowrate, a |iquid conposition, aﬂ a“ power
level setti ngoemey fgvic hasedaineoaid detdrminndaiuratiarofisaidyaogragating cyweylaadi on
| ayer is conprise e of a silicgon dioxide and a silicaqn
nitride. 12. A metho n@fg S%ﬂ?lgdﬁ:luegagp TRr§ss ORFragom comnprised of saiddetesmpmed af
test on:5. at l¢astare paremeeror fird SuidCR [da8t ofbSIafd MER1SHGh Ladb cg:f e sifbsedhent]
pr ogr anm ng & cle perforped on said nenory device; 10°. determnihg A
| east one pa dpemerydevicgast one process operation to be perforned to
format | east one gate insulation |ayer on a subsequently forned nenory
devi ce based upon said determ ned duration of said programm ng cycle; and
perform ng sd8d afA iethot, cmeprisimpcess operation conprised of said deternined
at 5 | east one paraneter to formsajd at | east one gate insulation |ayer
on sai d subsequenPFYOTHBE At Jeatt eney clgetyicak test dn 2 teesthode nmeemenyi déviag: to
perforngpng a i t, Ll eas{ one nory device to
10 determ nea‘glaﬁ%rﬁg? ?gﬁdﬁg? %g%ﬁgfagé(g&(g?/gFlggrB%pTo&%%mSWo%”& Yfenory devi ce;
determining at | edefermuiningpalr keasit e piramicter &AL 1048 dHeOFIO6Sss ARREAOLID B be

performed to_form at | east e gate insulation |ayer on a subsequently
f or med rrermP’i}’?OJ%’\‘?ac‘é’ g‘%{g’e&? 3?&% g gete dnaHoRe tayguoa Rowibsgquenilyl fermgde
cycle; and pgemerydacetststd @pod £36 HettSin ERLLLO0, rjsed of said
determ ned at 1gmlleast_ onea%%r ameteer to%gr&%ﬁé%ﬁg%(?&%ag%g&%dgas
insul ation | ayer pforming saidetlgastont procesy opeehtivarsomprided bf eaid Abtedided at

15 least one parameter to form said at least one gas insulation layer on said subsequently

formed memory device.

20
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