WO 2005/ 013357 PCT/ 1JS2003/ 041684 MNMETHOD OF MANUFACTURI NG MULTI - LEVEL
CONTACTS BY SI ZI NG OF CONTACT SIZES | N | NTEGRATED Cl RCU TS BACKGROUND
TECHNI CAWd-20B5/D13357The present invention rel ates gener al poyi/tseodamsagpaat ed
circuits and nore particularly to contacts forned down to active regions
under a dielectric layer. BACKGROUND ART Integrated circuits are used in

nost el ectronimﬁiﬂl' FSMQW CATIINGE: i phones, etc.
The hearts of t ese%t@egrate %i rcuits Mﬁ%&y?wAﬁélces, 10

whi ch can be t B¥rSIZING OF GONBACT SIEES INOINTEGRATED CIROVITS duct or
devices are generally fornmed on sem conductor substrates and are covered by
I nsulating, or dielectric, materials. For exanple, transistors are forned
by inplanting spaced-apart source/drain regions into the sem conductor
substrate and form ng control gaBACK&GROUNE®E seni conductor substrate above
t he space between the source/drain regions. A dielectric is then deposited
over tHECENIOANEIELIDrs. Since electrical connections need to be nmade to
the source/drain regions and to the control gates, netal contacts are
forfred t hr o8¢ Prasentdneensien relgtes gorarallyotor intogrased cigduits med muse paticulgelyds and
to .th f ) hstrate. Since the tops of the
contro oﬁ%&%{ﬁo&ﬁgﬁ&oﬁg‘)éﬁw ggég%jsfc&fq{%gg ﬁ“i%%@ @tor substrate are at
different levels in the dielectric |ayer, the contacts are referred to as
mul ti - BAGKGROUNIRIART and nore specifically as two-1evel 20 contacts. As
the electropics induystry seek reater. and greater nunbers of sem conductor
devi ces on t%%’??ﬁ&émicﬁltt%&ea’t‘@ 4%1?‘8% slectrpi¢ dswicet spch axepmpense fadies; hods
to shri : i . ! : i .

Foat U oo o B T S o e HiFaR RAls 25 Sinil HBudbf Scdbps, |

" sil0 i cwhichreanrheutransistors, disdes; cg@citerscétnol ThgysenfiGhnductoh deviogyardgghearally t h t he
format Lo f _sem conduct or devices on a Jayer of sem.,onductor naterial

whi ch fog:ﬁg@ ap Sgﬂwloﬂg%ﬁ%%tﬁuhﬁml?%ﬁ apg coyered dﬂﬂﬂ%ﬂﬂgo?r%glﬁﬁt’s"f”r%f‘@ﬁg\' comon
embodi ment Rir lampiiranbisteny ab Totutotsh it St Gi-bA¥ehouRle/ ol 6gitns WAI C1
overlies a layer of silicon dioxide insulator i'n a substrate silicon. 1 WO
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are 1 ek efle sPackMermdiS ik dbhirct/dhdis %kimw.ﬂ dielectric is then deposited over the
15 transistors. Since electrical connections need to be made to the source/drain regions and to
the control gates, metal contacts are formed through the dielectric layer to the tops of the

control gates and to the surface of the semiconductor substrate. Since the tops of the control
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gates and the surface of the semiconductor substrate are at different levels in the dielectric
layer, the contacts are referred to as multi-level contacts, and more specifically as two-level
20 contacts.

As the electronics industry seeks greater and greater numbers of semiconductor
deviceson a singie integrated circuit, manufacturers seek better methods to shrink the devices
by reducing device geometries or the size of features.

One new technology for shnn]nng device geometries is called “silicon-on-insulator”

25  or SOI technology. SOI technology deals with the formation of semiconductor devices on a
layer of semiconductor material which is over an insulaﬁné layer in a semiconductor
substrate. A common embodiment of the SOI structure is a single active layer of silicon

which overlies a layer of silicon dioxide insulator in a substrate silicon.
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form an increased thickness of underlayer which will prevent proper etching.
Unfortunately also, if the etch requirement for a given underlayer thickness is above
25  the maximum underlayer thickness allowed by the geometric considerations, then the multi-
level contacts cannot be formed with a single etch process. This requires multiple etches and
separate patterning for the different level contacts. For example, where two separate
patterning steps are required, it will be necessary to mask for the shallow contacts, etch, mask

 for the ‘deep contacts, and etch, This adds process complexity and cost.

30 While it is désirable to use a maximum thickness underlayer so as to be able to
perform etching with comfortable process margins, this presents a problem. The underlayers
usually employed are materials such as silicon nitride and silicon oxynitride, which have
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to etch lag. The first and second openings are filled with conductive material. This method
results in improved device isolation, reduced region and parasitic capacitancé, low powér

20  requirements, and enhanced performance as well as less process control requlrements and
reduced manufacturing costs.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

25 accompanying drawings. '

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is calibration structure for aspect-ratio dependent etching (ARDE) with an
etchable material;
FIG. 2 is a view of a two-level etched contact structure in accordance with the present
30 invention;"




WO 2005/ 013357 PCT/ US2003/041684 FIG 3 is a view of a three-|level etched
contact structure in accordance with the present invention; FIG 4 is a
vi ew of 30 HOPRIREEL e enbodi nent of a three-level etchedPGRAI20E¥048684uct ur e
i n accordance with the present invention; 5 FIG 5 is a view of a
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For example, when using a reactive ion etch (RIE) in a plasma reactor to perform a
» plasma dry etch, the phenomenon known as “RIE lag” or etch lag will occur, especially if the

feature sizes (openings in a photoresist) arebelow 0.255. With RIE lag, features with smaller

;-d Y

20 ° openings etch in a dielectric material slower than features having large openings. This is
undesirable because each etch step is generally intended to etch to a single depth rega;rdless
of feature size. Currently, those skilled in the art teach that the etch process should be
optimized by minimizing RIE lag. When optimizing a plasma dry etch process for
minimized RIE lag, usually there is some trade-off, which has to be made, e.g., lower

25  selectivity to etch stopping layers.

The term ‘“horizontal” as used in herein _is defined as a plane parallel to the
conventional plane or surface of a wafer or substrate; regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

“on”, "above", "below", “side” (as in “mdewall”), “h1gher” “lower”, “over”, “under”,

30 “shallow”, and “deep”, are defined with respect to the horizontal plane.




WO 2005/ 013357 PCT/ US2003/ 041684 The term "Processing" as used herein

I ncl udes deposition of material or photoresist, patterning, exposure,

devel opn# 2008018851 g, cl eani ng, and/or renoval ' of theorars2003a41634
photoresist as required in formng a described structure. Referring nowto
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161 o Gapiniiu BRloUOBRBIc A HBRET G WAMPIY N1 ip disnstoree EafisdpiotHam  no
first diismest ebuld e 16m%nﬂlaﬁmﬁé951§%eoémﬁd‘% fonat s @ bR ARREP CERhS
establish the starting dimensions of the featu es that wl e etched into
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of etc C ISt C and third opepings 106, 108, _and 110
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single periqod of tine, the first, second, and third features 118, 120 and

122 W ﬁt&%lﬂb%é%}%mﬂw.tm the Sﬁfr@%‘bﬂ&?mmdll%iwmchj'@ps?ﬂlellhan tieothirdnd
128. AR ; . nof- L ] . i ng i
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i nas easelafgepthanithe first dimeteioh11224 to the third depth 128; i.e., larger
features et faster an 25 reach greater depth during the sane _tine.
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and third depths 124, 126, and 128. ARDE is generally a non-linear effect. Since the
features increase in size from the first dimensjon 112 to the third dimension 116, the depths
increase from the first depth 124 to the third depth 128; i.e., larger features etch faster and
25  reach greater depth during the same time.

While contact openings can be of various configurations, if the features were for
cylindrical contact openings, the first, second, and third dimensions 112, 114, and 116 in the
photoresist 104 would be diameters for the tops of the contact openings in the calibration
dielectric material 102. ‘

30 In most etch processes, the features taper slightly in size with depth in the calibration -
dielectric material 102 so the base of the contact holes are smaller in diameter than the tops.

Referring now to FIG. 2, therein is shown a two-level etched contact structure 200 in

accordance with the present invention.




Referring nowto FIG 2, therein is shown a two-|evel etched contact
structure 200 in accordance with the present invention. 5 W 2005/013357
PCT/ 1JS200B2003083% A first sem conductor substrate 202 ROT/EI206X04a48¢ si | i con
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Second, the etch lag of the etch process is determined using the calibration structure

=19

100 shown in FIG. 1 forming feature openings over a range of sizes from the minimum
contact diameter to a multiple of this diameter; e.g., the minimum diameter could be 100 nm
20  and the range could extend upwards to a maximum contact diameter of 1,000 nm.
Third, a timed efch is performed and the depths of the resulting etched openings are
measured to calculate the etch lag according to the equation:

L=1~Duin/D) | . (Equation
D
25 where:
L = etch lag; ‘
Duin = depth of the contact with the minimum diameter;
D = depth of a contact with a different diameter.

The etch lag above is not necessarily linear with diameter and depth.

30 Fourth, an optimal etch lag is calculated for the different contact depths desired on the
final integrated circuit according to the equation:




The etch | ag above is not necessarily linear with dianeter and depth. 30
Fourth, an optinal etch lag is calculated for the different contact depths
desired wo tdos01385mal integrated circuit according to tAhEa/Espoesiosodss 6 WO
2005/ 013357 PCTNS2003/ 041684 Lopci mat =1- (CDstiauow CDi p) Equation (2)
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semiconductor substrate 306 has implanted source/drain regions 308 and 310 implanted
therein.

Above and over the source/drain regions 308 and 310 is a gate dielectric 312. Formed
over the gate dielectric 312 is a gate 314 having a gate spacer 316 therearound to form the

20  upper portion of a semiconductor device 317. A trench 318 has been etched into the insulator
304 and an underlé.yer 320 deposited to cover the insulator 304, the first semiconductor
substrate 306, the gate spacer 316, and the gate 314, '

A pre-metal dielectric layer 322 is deposited over the underlayer 320.
A photoresist 324 is deposited over the pre-metal dielectric layer 322 and processed to

25  form first, second, and third contact openings 326, 328, and 330. The first, second, and third
contact openings 326, 328, and 330 have respective first, éecond, and third diameters 332,
334, and 336. The first diameter 332 is smaller than the second diameter 334 and the second
diameter 334 is smaller than the third diameter 336.

The three-level etched contact structure 300 has the optimal etch lag and contact

30 diameter calculated separately for the very detp and the medium deep contact. The resultant
contact sizing will allow the etch process for first, second, and third contact openings 338,
340, and 342 to reach the underlayer 320 at about the same time for all three contact depths.




diameter 334 is smaller than the third diameter 336. The three-level etched
contact structure 300 has the optinmal etch |lag and contact 3o dianeter

cal cul at ™0 28per3ai7el y for the very deep and the nedi umrpdaas2003r8E84. The
resultant contact sizing will allow the etch process for first, second,
and t hiThds cthmiamohnbpénivagaclsaequneMﬁ minimiiz8d,2 whichr i tirn t keepsi tiske rdgaired 320
at about tr for.all three contact depths. 7 WO 2005/013357
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first, second, and third dianeters 408, 410, and 412. he first dianeter
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dianeter. Referring nowto FIG 5, therein is shown a three- IeveI et ched

cobt ac#02 end: 406 vell Sdighthy; overesteh inte dhe nn@@bmro&%@s imdigatednley first and third

i nvent i Fl G e sane
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After a selective etch to remove the remaining underlayer 320 from the confact

openings 338, 340, and 342, the openings are filled with conductive material to form the first,
second, and third contacts 502, 504, and 506. The first, second, and third contacts 502, 504,
and 506 are respectively in contact with the gate 314, the first semiconductor substrate 306,

25 and the second semiconductor substrate 302. The first, second, and third contacts 502, 504,
and 506 have respective first, second, and third contact diameters 508, 510, and 512.

In various embodiments, the first, second, and third contacts 502, 504, and 506 are of
refractory materials such as tantalum (Ta), titanium (Ti), tungsten (W), alloys thereof, and
compounds thereof. If the contacts are of highly conductive materials such as copper (Cu),

30 gold (Au), silver (Ag), alloys thereof, and compounds thereof with one or more of the above
elements, the previously mentioned refractory materials will surround the highly conductive
materials. The pre-metal dielectric layer 322 is of a dielectric material such as silicon oxide
(SiOy), tetraethylorthosilicate (TEOS), borophosphosilicate (BPSG)-glass, etc. with dielectric




and 506 have respective first, second, and third contact dianeters 508,
510, and 512. In various enbodi nents, the first, second, and third contacts
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1. A nethod [600] for formng an integrated circuit conprising: depositing
an underl ayer [214][320] over a sem conductor device [213][317] and a
first sem conductor substrate [202]; etching, to the underlayer [214][320],
a first opening [228] [338] [402] to a first depth in a dielectric
material [R1gMs$22] over the sem conductor device [213][317] on first

sem conduct or substrate [202]; etching, to the underlayer [214][320], a
second opening [230] [340] [404] to a second depth iB t he d}gggftriﬁ
material [,216 32 t first .sem conductor sybstrate , the
first and[ISecLéEmS%%ﬂ%@ feriopming g8 dntegratod cincyi gpmprising: [404] differently
sized Lo respeabhysing Alileisyc R 4f300] ox%?gsétﬁfcgﬂﬂj(ﬁfrme}i??e B3}k add1e Same
time due to etch lag;, renoving the underlayer [214 320 romth

openi ngs, aéiiiﬁSﬁmlqong'gcwlwélbﬁfrat%[mahd second openi ngs [228] [338] [402] [230]

340 404 i . tiye nater] 2. .A net hod 1 an
i[ nt e!gr <[3.t ed] c;Mr %@P&n%gg’?}%? Pé‘?,eﬁlﬁ.yero@ %@%‘%]nagﬁ%om Hég@g &@p?ﬁtofa! first
sen condudémh sy dldchicemartlaly216JE302] OReiUGE SEmiENductr delicd (1813 17] érSt
opening tqg a first depth in a dielectric material over a sen conductor

devi ce  t ofifsheemicgaducigrepbstag [20Rk first seniconductor substrate; etching a

d i . i dielectric r he
inder | ayer overofipl PRAERRIGRPETANINE LEURF dieind 30T 30, 1405 o one
openi ngs satohd demhtin sheslidledri¢ mag@i&ptmﬁl ?ﬁyfﬁm fn%‘h 'Mﬁﬂcéﬂhdrhgiorﬁn?hz econd
d hs i bout t t ue to etc ag;. etchin u
nder ayoP AR 0B 4b s endirgond Grsnes bRl o) (308 120011 Iee fTrstang
d i i W i claimed in
ol o m 1 o MRy el 16 RRPUAR LN et the Bttt sl BB abilithe 8 0) [Sa0)
[ 404] to tiwe duetsetchepni ng [ 228][338] [402] to be non-linearly related to

' 4 h lag of th
i ot Copening 198 Saandctios 40030 i ik ohedbed) “as ol ai med i n ol ai m
1 or 2 addi ti offighthé AR EAGIREAA oSERS TR IR] 193814001 [296) [Sho1Fa0h it 1 ty Of

openi ngs by: )
conductive material.

2. A method for forming an integrated circuit comprising:

depositing an underlayer over a first semiconductor substrate and a
semiconductor device;

etching a first opening to a first depth in a dielectric material over a
semiconductor device to the underlayer over the first semiconductor substrate;

etching a second opening to a second depth in the dielectric material to the
underlayer over the first semiconductor substrate, the first and second openings
differently sized to respectively etch to the first and second depths in about the same
time due to etch lag;

etching through the underlayer under the first and second openings; and

filling the first and second openings with conductive material.

3. The method [600] as claimed in claim 1 or 2 additionally comprising:

sizing the second opening [230][340] [404] to the first opening [228][338] [402]
to be non-linearly related to an etch lag of the second opening [230] [340] [404] to an
etch lag of the first opening [228] [338] [402].
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etching a plurality of openings in the dielectric material [102] including
a calibration opening [118] sized to be the sane as the first opening

[ 228] [338][402], neasuring the plurality of depths fromthe etching of
the plurality of openings, and calculating a plurality of etch |Iags being
equal to the ratio of the calibration opening [118] depth to the plurality
of depths subtracted fromone; and determ ning an optimal etch |ag by:

cal cul ati dg t h&@heahéthodf600has dlaingd inlefairh 1tar 2t ddditasidy comigfifp: subt r act ed
fromone; and siziqg t he ecogd pening [ 230] [340] [404] based on the
size of the opdfieHY: W%V?%B*@H a plusalgy of gpengshy:t o t he optimal etch |ag.

ciching & thi rd ot R Sk EUE iRl nBlslal IPATIENARRER" | ' (D

di el ect ri calibratien openifg3y228] sizeerto de sl asdhe firsh dpaing [228pBBRHHE2][ 202]

[ 302] [306] [202 302 306 de he first. semi condugt or )
subst r at e{ 306] ™ ﬁ‘g‘“}% t}‘gi’,{urgglf(?ﬁg‘?ptéﬁﬁo‘fnﬁll? Btch‘ﬁ‘gr?? ﬂ&qu“r 18 QfORRRINGS: i zed to
respectivghy etch to the first, second, and third depths [128] [128] in

about the sane tine; and filling the third opening [342] [406] with
conducti ve mat énlcalatinga pitnaitsref kisH 14g508Ingaxuel taitheertiv of teaialibratianidi t i onal | y

conpri sing;. . Sl zi t.h hj,r.d,opgni 42 40Q]. to the first opening [228]
[338] [ a02potiné [H] teoin i P’ﬁé’é‘FF@Wr"gM’ &S‘I‘bd:{a&}%géfoé%"i‘%&“%f the third
openi ng [342] [déRfhiniy @lofintd) elchda@by:t he first opening [228][338] [402].
7. The net hod [GOOﬂa,as claimed in claim5 additionally conprising:
det er mi ni ng et EAcnlatag tre ratigpl tha first Wepth to teaienend dapth subtactad franpones al ity of
openi ngs iafg}dt he dielectric material [102] including a calibration opening
[118] sized to be the sane as the first opening [228] [338] [402],
neasuring the pizingahe sacond oparind 2307 [840] 4023 baded ahithsize of the agéﬂiu of etch
| ags bei ng ewg#ecgo the ratio of the calibration opening [118] d%pth to
t he pl ur aPf¥ye esseRichlanto theoptinel eigh dage: and determining a first
optimal etch lags by calculating the ratio of the first depth to the
second depth subtracted from one,

5. The method [600] as claimed in claim 1 or 2 additionally comprising:

etching a third opening [342] [406] to a third depth [128] [128] in the dielectric
material [322] over a second semiconductor substrate [202] [302] [306] [202] [302]
[306] under the first semiconductor substrate{306], the first, second, and third openings
differently sized to respectively etch to the first, second, and third depths [128] [128] in

about the same time; and

filling the third opening [342] [406] with conductive material.

6. The method [600] as claimed in claim 5 additionally comprising:

sizing the third opening [342] [406] to the first opening [228] [338] [402] to be
non- linearly related to an etch lag of the third opening [342] [406] to an etch lag of the
first opening [228][338] [402].

7. The method [600] as claimed in claim 5 additionally comprising:
determining etch lags of a plurality of openings by:
etching a plurality of openings in the dielectric material [102] including a
calibration opening [118] sized to be the same as the first opening [228] [338] [402],
measuring the plurality of depths, and
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determ ning a second optimal etch lags by calculating the ratio of the
first depth to the third depth [128] [128] subtracted from one; sizing the
second openi ng [230] [340] [404] based on the size of the opening having
the closest etch lag to the first optimal etch lag; and sizing the third

openi n 342 . [ t ni_ng . hayi ng,.t h cl osest
e!to ch Igg[to ][héégﬁllitrngf%gﬂxlr%toggtgﬁ'l ?é)'%{n@.eﬁﬁal ﬁgt To! gf 8@%}6 C%%@Iﬁﬁ%l}m ng an
i nt egr at edpaiing [ii18] deptivtd the phiralitepPdepths suaracied devim anxeand 214] [ 320] over a
sem conductor device, [317] and 21 first and second sem conductor substrate
[ 202] [ 302] [ 306 PeterpRHigRiist pptynglicich lagwby ealelatingithe ratof theyfixst depth épeni ng

[228] [33§]e Jeg(géﬂvc}e?glflg%‘fé&ﬁogﬁ&eh in a dielectric material [322] over a

sem conduct or on e first seniconductor substrate[306];
etching, into tétermmiterd segend §Rimdl[cdNIhgs by sddadatthgahe ratiomtRSGst ] [ 404]

h i iel i ial [322 he fi
Sem condutt 9 TEibokn Bl AT BO8 sl B SPir o ( ne- Under ayer [2141[320] . a
third openi ng E3thaliné 4Q6hd bfering tﬁsbﬂﬂ@g)tztmﬁ ﬂags%]io[ljcl?@s]ifé &'ti—xf'ggézﬂ' ectric

mat eri al E32.2] oveér a second sen cohductor Substrate 202 06] [202]
[ 302] [ 30Bavingithsrclesest etdlrleg tasthrifrstroptiotabetch dgs tndit € [ 306], the first and

second openings. [ 2 . 3381 [ 40 34 404 i.zed the sane, and the
third openi ngSI[Z%%%F‘l f%%ﬁ%‘}éig&%} %F?g‘}]“{hﬁs’rz%é’ig’&qwm hayipg thes t he
first, seclopstt e@hthg Bithélthirdeptiifal dhdpout the same tinme; renoving the
under | ayer [214] [320] fromthe openings, and filling the first, second,

and third openings with conductive material. 9. A nethod for form ng an
i ntegrated cirquj hSlNg. siting an underl| ayer over a first
sem pondugt or %‘h"%é?‘?g@ dé_?l’éfqgm@g%gé%tﬁarﬁ%tdocrmﬂlé\‘}?lggr,lgllgg'chi ng a first
openi ng to a f demisitivgpibunderlgyetl [ AUBL0] Sveiatsehicdhd@idedice $8IT]@aAdUCt or
device to thgﬁ(ﬁnderl ayer over the first sem conductor substrate; 12

et chi ng afl&taphecceped simigonductor sabstrate [28311B031B00ke diel ectric material to
the wunderl aye Fint i i : A prd
e under! Y SRE sl EDIERISEL B 0 (TP
sem condudé¢mh irsabElacaicematerar[322jeoviet & sémivendwtardieeico[3 S batthafist the first
and second
semiconductor substrate[306];
etching, into the underlayer [214][320], a second opening [230] [340] [404] to a
second depth in the dielectric material [322] over the first semiconductor substrate [306];
etching, into the underlayer [214][320], a third opening [342] [406] to a third
depth [128] [128] in the dielectric material [322] over a second semiconductor substrate
[202][302][306] [202] [302] [306] under the first semiconductor substrate [306], the first
and second openings [228] [338][402] [230] [340] [404] sized the same, and the third

opening [342] [406] differently sized to respectively etch to the first, second, and third

=

depths in about the same time;
removing the underlayer [214][320] from the openings, and

filling the first, second, and third openings with conductive material.

9. A method for forming an integrated circuit comprising:

depositing an underlayer over a first semiconductor substrate and a
semiconductor device;

etching a first opening to a first depth in a dielectric material over a

semiconductor device to the underlayer over the first semiconductor substrate;
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openi ngs sized the sane, and the third opening differently sized to
respectively etch to the first, second, and third depths in about the sane
time; etching through the underlayer under the first, second and third
openings; and filling the first, second, and third openings with

conductive nmatefial.. T . [ j | Al or 9
additionally cggcr:ph?{lgs% ngc:mdmim ng ttB %%e%%%?%pg%gﬁ#eﬁ%@?gtﬁfﬁﬁﬁ%lq{) glet he second
openi ng [ RBddrlay8ddier ekt demibenduoonsubstaart |y rel ated to an etch lag of the
third opening [342] [406] taq an etch |ag of the second agpening [230] [340]
[404]. 11. Thecifbi OPFHNEERA Mdcdegﬂ%ﬁnéhﬁﬁlebcmdn%%ﬂaw ssRpt i si ng:
det erm ni Qéiniebfidluck4bfarcuflel il frk¥echlicARAOLE Aibstite, (E HN:2a odBhyr al 1Ly of
openings In the dielectric materia ncl u Ing a calibration openi ng si zed
t 0 be t heopemmegssizedithe $ames and fherthird ppendng differaptly Isized kaireapédtiyelyfetabept hs from
t he etchi f the plurall of .openings;, and calculating a plurality of
etch Iagsﬁ%eﬁrﬁtgs%cﬁﬂg’lanflgl“f‘ﬁ\éeﬂéﬂ BPt'?‘géam‘EHmebrati on opening depth to the
plurality of deRhig thithkh aflBdeflARIUANG: théNfl sdinalali MhikbophiRRL idel etch

| ag by: cal cul at i_iri% thegr atio of ‘the second ctjespth to the ?ﬁh#%g’ciepth
subtract ed fr ofillingfhe fissicsesond, and thiwd apenings withreondpdbiae editarialt he si ze of the
openi ng having the <closest etch lag to the optimal etch lag. 12. A nethod
for formng an integrated circuit conprising: depositing an underl ayer over

a first seoi comiueietiody6D] dsalBmeath alains 8br OQGEHChAIly EhRiirigngand under a
dielectric |ayer; processing, as[g)hot oresi st over the dielectric material to

form first andsiEedhethidnpeningd34213408] énthegeeond opering RAN 63400 £464d éo bont act
openi ng usi .o i.bst j seni d vice depth-l.n the
dielectri ébﬁrlrgfl geir}ﬁ'al{eia{ie? tf) %g%uwr}llggg ?)gg/}%rth%@gbe%g& @ggﬂgggﬁtgﬁnoe (thég i%g(t,heon a
first sensevondopéritig R303[348] p104¢t ching a first sem conductor substrate
contact opening using the second opening to a first sem conductor
substrate depth in the dielectric material to the underlayer over

11.  The method as claimed in claim 8 ot 9 additionally comprising:

determining etch lags of a plurality of openings by:

etching a plurality of openings in the dielectric material including a
calibration opening sized to be the same as the first opening;

measuring the plurality of depths from the etching of the plurality of
openings; and

calculating a plurality of etch lags being equal to the ratio of the
calibration opening depth to the plurality of depths subtracted from one; and
determining an optimal etch lag by:

calculating the ratio of the second depth to the third depth subtracted from
one; and

sizing the third opening based on the size of the opening having the

closest etch lag to the optimal etch lag.

12. A method for forming an integrated circuit comprising:

depositing an underlayer over a first semiconductor substrate and a
semiconductor device and under a dielectric layer;

processing a photoresist over the dielectric material to form first and second

openings;
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the first sem conductor substrate, the sem conductor device and first
sem conduct or substrate contact openings having different dianeters to
respectively etch to the semiconductor device and first sem conductor
substrate depths in about the sane tinme due to etch lag; renoving the
hot oresi st; u ol conduct or

gubst rate cont gg:'?ﬂl oﬁﬂ?ﬁdggﬁgggg%% (ﬂl?%lt Sﬁ n?%usfl%tzl%lf%&erg :gkj 2

respect i veermemduwtu devioe dejpthiiin theadieletteic ntd&ma]l to the uﬁ&éﬁa@éﬂd\wﬁhor subst rate;
and filli n%BI he se m conduct E{{tﬁdew ce .and first sem conductor substrate

cont act WPWB‘:? QRidEKICE GR Adirst spRicARductpR subsizatein m sem conduct or devi ce and
first sem condighiis a fHdehli@dfRuERP Sitfstriite cortact (%})%nféﬁgtu RS sdebfl frife%xlgn clalm
12 additionally conpr|5|ng si zing the dianete first se duct or
subst r at etecd ﬁrm@m@p@ducng Substltatﬁadepah anthe dielavfrid hetedalrtb tleenahdetlayer dewri ce
contact ope ear relat d.to, an h |ag. of , the first
sem condu or}ﬁrssst?gg‘f OE%‘PHS ‘h&%éﬂ?ﬁ&n yto legice ﬁn‘ﬁ gbst S‘Flg{cﬂ’éduc tor

seni condugiisragevh@et @ﬁmngghaﬂﬁgaiﬁwemlﬁlmn&a@ tdRls vé‘l? efdnbiigd in claim 12
addi tionally conprising: ‘determning etch |lags o urality of contact
openi ngs E«;mcgﬁi@@ggglpwge and ffst penaicp cpm@ubﬂt@m depthsiie ab@utcﬂm saregtihon
dielectri (a to have a plurality of different dieter openings;
etching a plu {; ?% of contact openings in the dielectric material using
the plurali tyreaﬁoxdmgﬂﬁrphator@is@rret er openings including a calibration
contact opening, sized to he the sane diameter as the sem conductor device
contact openi nJsingHhiesemiqandustar devigeand:y Vskﬁenwwoﬂi@ﬁﬁmﬁéoﬁtl@hl ng of the

lurality t hlags
Being cquaf R Ret| e EPE K aboed BRIy dexfte SHED, 1,75
t he pl urathetﬁrstn‘enﬂmmﬂhetoswbsuraeiaﬂ fromone; and deternining an opti nal
etch | ag by: gh cul t'gqa‘l%g ratio, oggige seni conduct or device depth to the

first semcon 5 E’rd@}S‘Pﬁ TSt sRanigenductorsehsrategogtact

openings with conductive material to form semiconductor device and first semiconductor

substrate contacts.

13. The method as claimed in claim 12 additionally comprising:

sizing the diameter of the first semiconductor substrate contact opening to the
diameter of the semiconductor device contact opening to be non-linearly related to an
etch lag of the first semiconductor substrate contact opening to an etch lag of the

semiconductor device contact opening.

14, The method as claimed in claim 12 additionally comprising:
determining etch lags of a plurality of contact openings by:
processing a calibration photoresist over a calibration dielectric material
to have a plurality of different dieter openings;
etching a plurality of contact openings in the dielectric material using the
plurality of different diameter openings including a calibration contact opening
sized to be the same diameter as the semiconductor device contact opening;
measuring the plurality of depths from the etching of the plurality of
contact openings; and

calculating a plurality of etch lags being equal to the ratio of the

14




sizing the diameter of the first sem conductor substrate contact opening
based on the dianeter of the contact opening having the closest etch lag to
the optimal etch lag. 15. The nmethod as clained in claim 12 wherein:
processing the photoresist forns a third opening; and additionally

conpri sing: etching: 1 r t nj usi ng
the third . opentigdich SRERTEaHHE SIS Ly o AL A SR R
dielectric matendal over a second sem conductor substrate under the first

semnm conduct or %ubstrate, the .sem.copductor device, first sem conductor

substrate, and9SEEBRIPEILIRIBR §EJRE bk ubst rate contact openi ngs havi ng
di fferent diameters hRulafsPafeihis by theleRi ' evi ce,
first sem conductor csu%?t r%te, and Secong‘o@%ﬁﬂéﬂ&dﬂeﬁﬁc’ﬁd&?ﬂ@ﬁ slrrsgte dept hs
i n about the sasmicondustorsubstfaté déptly sutieactddoomdosemhdonduct or substrate

contact opening with. .conductive material to forma second sem conductor
substrate contact. {88 &ﬁg‘aﬁﬁfﬂd’%ﬁEE‘%ﬁ%ﬂ’ﬁlﬁm& Pubstrate£oRtagt YnEHS) | y
conprising: si bhded onftRe Biap{PRlr OF t1f conbiRt SROMChaVRIE 1O BRWEE lch 1abRlthat e
contact opening to the dianeter of the 'sem conductor device contact
openi ng to be ABHmplgielalagy related to an etch lag of the second

sem conduct or substrate contact opening to an etch |lag of the

sem conduct or device contact opening. 17. The method as clained in claim 12
addi tionallby cahphieshodgs clagiee intlainn 92 Sefeih:ags of a plurality of contact
openi ngs by: processing a calibration photoresist over a calibration

di el ectric mat 8Fqcsssing he photerasishfarms|a thipd eperdng;faadent  di anet er openi ngs;
etching a pl urghit; .openings in the dielectric material using
the 15 pIuraI?%?ﬁ%¥ﬂ%f%$g%§% “di anet er openings including a calibration

contact opening si zehinga seeoridwenticsrrludion sEse te@dniabeofeaifigaRiguné tirddevi ce
contact openi ng; neasuri n%]i“i]he plurality of depths frogmthe etching of the
plurality of EBHH2EI 356 &l}w%{!w@aﬁ%laﬁtraﬁ degthainghe diglectric materaletyer ags

bei ng equal toa%&%nﬂ@&hfboﬁ&u&%esub&%té Qfé@err HRNASOAEInAIRRP s udRPH Lo the

plurality of depths subtracted from one;
semiconductor device, first semiconductor substrate, and second semiconductor

substrate contact openings having different diameters to respectively etch to the
semiconductor device, first semiconductor substrate, and second semiconductor
substrate depths in about the same time; and

filling the second semiconductor substrate contact opening with

conductive material to form a second semiconductor substrate contact.

16.  The method as claimed in claim 12 additionally comprising:

sizing the diameter of the second semiconductor substrate contact opening to the
diameter of the semiconductor device contact opening to be non-linearly related to an
etch lag of the second semiconductor substrate contact opening to an etch lag of the

semiconductor device contact opening.

17.  The method as claimed in claim 12 additionally comprising:
determining etch lags of a plurality of contact openings by:
processing a calibration photoresist over a calibration dielectric material
to have a plurality of different diameter openings;

etching a plurality of contact openings in the dielectric material using the
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and determning a first optimal etch lags by calculating the ratio of the
sem conductor device depth to the first sem conductor substrate depth
subtracted fromone; determ ning a second optimal etch |lags by cal cul ating
the ratio of the sem conductor device depth to the second sem conduct or

substrate dept r I Sk . | r j rst

sem conduct olro ?ll}gglt ggﬁﬁﬁétﬁﬂ%%e@g%g@éﬁﬁagﬁlﬁgﬁgﬁgﬁg g&gpﬂlghe

cont act openi ngizhdtd bgthe lseme dinswetdr astlehsedgordactohdeviiter @intaepopenig; et ch | ag;
and sizing the dianeter of the second.sem conductoy, suhstrate contact

openi ng based on t RFAFTHEhe plusility of depths emtﬁﬁetﬁﬁlﬂgogﬁmpi'gaklw cl osest
etch lag to theokthét'dherings;mBH etch lag. 18. A nethod for formng an
integrated circuit conprising: depositing an underlayer over the first and
second seni conduct orcalsulsting apbiralityl of eteb lagsrhietngredualtto thedratio oftheet chi ng a

ol ootric na SPFOOU A boRPRE G e ab S feahe T ot Rttt or

substrate; etahdng a first sem conductor substrate contact opening to a
first sem conductor substrate depth in the dielectric material over the
first sem conddeicapiningmsfirsheptiimaletedhiagybucaledating the mtiomfdcsenricendustor at e
contact o i . 1 tQr ;subst.r.at th in the

di el ectri ggﬂn%‘?gerét%f(ﬂg\g/gl(rggggrgle%gﬁﬁcﬁ%;%gg%%ﬁﬂ%q%gfubt’éaﬁ%ggfog? 8'%nder the fi st
seni conduct or detesrhinixiges seched sstithal@chuagOby etauil@ganérdtioloFithe seni conduct or
substrate contact openjngs sized the sane, and second sem conduct or
substrate S%B‘ﬁf’%‘gict%ﬁléﬁ‘icﬁ gpthite thersgeandserticandugtor subsiste denth sybteactsd framt he
sem condughor device, first sem conductor substrate, and second

sem conduct 6r substrate depths in about the same tinme; etching the

sem conduct or dieingdke diathese ofitie fastndeadcuhdattor subsiatt cahitectapehing baselton
openi ngs ﬁ%%es in%fgt t he underl.a . etching the first sem conductor

substrate qmeter Qffhe, F?f&a‘@t"@ﬁ‘ggg S%‘%‘Bg theeelossptstsh lag & the fwsf optimal gight he
sem condu Fatgﬁ)ﬁndiﬁﬂhg he dibfmeler SEME S %Eﬁfcoﬁﬂ'lﬁﬁ&r AbGrat@OchtRE Bgér}?%ﬁ based

sem conductor subsfrate contact openings wth conductive nat
on the diameter of the contact opening having the closest etch lag to the third optimal

etch lag.

18. A method for forming an integrated circuit comprising:

depositing an underlayer over the first and second semiconductor substrate and
the semiconductor device;

etching a semiconductor device contact opening to a semiconductor device depth
in a dielectric material over a semiconductor device on a first semiconductor substrate;

etching a first semiconductor substrate contact opening to a first semiconductor
substrate depth in the dielectric material over the first semiconductor substrate;

etching a second semiconductor substrate contact opening to a second
semiconductor substrate depth in the dielectric material over a second semiconductor
substrate under the fist semiconductor substrate, the semiconductor device and first
semiconductor substrate contact openings sized the same, and second semiconductor
substrate contact openings differently sized to respectively etch to the semiconductor
device, first semiconductor substrate, and second semiconductor substrate depths in
about the same time;

etching the semiconductor device and second semiconductor substrate contact
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19. The nmethod as clainmed in claim 18 additionally conprising: sizing the
second sem conductor substrate contact opening to the first sem conductor
substrate contact opening to be non-linearly related to an etch lag of the
second sem conduct or substrate contact opening to an etch IagI of tge first
sem condu otelyt LHopening. 20. The nethod as clainmed in
claim 18 gg%ﬁ? ;/Iﬂécﬁlrrprl s?i%% determ ning etch lags of a plurality of
contact openi ngtchmg the ficdt sergicenduictorasubsityat© Cortapn bpating@eldslig® the t he
dielectric Erai-?g“ al .including a calibration contact opening sized to be
the same 389§ EaM conduct or devi ce cont act opening; measuring the
lurality of d openi ngs;
gnd cal cﬁl ati ngm%ﬁ%hg rggmu"%’g‘ﬁ%%@tég fils Q%ﬁc&{dﬁét%tg]ﬁﬁég e grég(?rﬁ) of the
cal i br at i eemicondugtar sabmata@rmpbpemngst\hmh pdmduaﬂwetmataﬁaldept hs subtracted
fromone; and determning an optinmal etch lag by: calculating the ratio of
the first sem conductor substrate depth to the second sem conductor
substrat e 1dept fl‘hé%&lﬁ(ﬁpc{s%ﬁﬂé@m@laﬁnlﬁ'aédlﬁbﬁdlﬁrgcn iisigcond sem conduct or
substrate contact opening based on the size of e contact opening having
the cl osest chsizing thesqchad sgrmicarductarshibsteate cobfact opemng to the first

semiconductor substrate contact opening to be non-linearly related to an etch lag of the

second semiconductor substrate contact opening to an etch lag of the first semiconductor

substrate contact opening.

20.  The method as claimed in claim 18 additionally comprising:

determining etch lags of a plurality of contact openings by:

etching a plurality of contact openings in the dielectric material including
a calibration contact opening sized to be the same as the semiconductor device
contact opening;

measuring the plurality of depths from the etching of the plurality of
contact openings; and

calculating a plurality of etch lags being equal to the ratio of the
calibration contact opening depth to the plurality of depths subtracted from one;

and
determining an optimal etch lag by:

calculating the ratio of the first semiconductor substrate depth to the
second semiconductor substrate depth subtracted from one; and

sizing the second semiconductor substrate contact opening based on the

size of the contact opening having the closest ch lag to the optimal etch lag.
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