METHOD OF PLANARI ZI NG A DI ELECTRI C FORVED OVER A SEM OR SUBSTRATE
FI ELD OF THE | NVENTI ON 5 This Invention relates to It R o1
sem conductor processing; nore specifically, to polishing nethods for

pl anarizing dielectric layers fornmed over a semi canductor substrate.
BACKGROUND OF THE | NVENTI ON 10 Every integrated circuit (1C)

ranufact ur ed_todapEFHOBS ORPLANARIARG X DIEVELTAIC' ffﬁ%é_g% o
i nterconnects to coupl e toge cate

in the sem conduct or substrab§ENQh@ﬁ!5ﬁ@gﬁ#ﬁ"‘ ¢$$EM~ ng these netallized
I nterconnects is extremely sophisticated and mell-understood Usual |y,

al um num or sone_other netal, 15 is deposited and then patterned to form .

| nt er connect pat f the substrate material. In m)st{:b
processes, ai I nsula [ 1S, then d siited, over this first metal &'
(metal 1) Iag’er Vi aﬁ%@ﬁ‘.’%@"é?'%‘%sﬂsE“%ﬁ@ﬁé’&%’ﬁ%ﬂ@#?’r@?%mgamqm Iayer
and a second netspetificdlyQto bagéﬁrngl,ﬁemgggfdr%aﬁgmg ﬁg@@,ﬁpﬂ mggt al

| ayer covers the insulative |ayer and fil openi ngs down to
the netal 1 | aydver asenyicanduelor substiade.di el ectric | ayer, of course, is to
act as-an insulator between the netal 1 and nmetal 2 Interconnects. In many
ICs, the Interlayer dielectric corrprl ses a chem cal vapor deposition (CVD)
of silicon di oxiBIA BOEND T9F TH PENTMON i S normally 25 forned to a

t hi ckness of approxi rrately .one mcron. The underlying nmetal 1 layer Is also
formed to a %hi cknes&very inisgrated placuit (JComenufaciuced today elies upomandi oxi de

st face of e Srara sysleh §LABAJEELTERRRAAAT I dorble Bgethoc e vaicth non.

pl anar steps whiddviceswiigtoarecabicaed mhe%amd&ad&&iortaﬂsh&teunﬁ?d'y' ng netal
30 lines. These step height variations in the upper surface of the

I nterlayer diel éeﬁ'ﬂn%owdoeiog@mlhﬁsmmmdtlmercbeaecls isextfémaly, a
non-pl anar di el eébtpHsﬁcated and well-understood. Usually, aluminum or some other metal,

15  Is deposited and then patterned to form interconnect paths along the surface
of the substrate material. In most processés. an insulative layer is then
deposited over this first metal (metal 1) layer. Via openings are then stched
through the insulative layer and a second metaﬁza_tion layer is deposited.
The second metal (metal 2) layer covers the Insﬁlaﬁvé layer and fills the via

20 openings down to the metal 1 layer. The puipose of the dielectric layer, of
course, is to act as an insulator t_:elween the metal 1 and metal 2

interconnects.

: In many ICs, the Interlayer diélectric comprises a chemical vapor
deposition (CVD) of silicon dioxide. The silicon dioxide layer is normally
- 25 f{ormed to a thickness of approximately one micron. The underlying metal 1
layer Is also formed to a thickness of approximately one micron. This silicon
dioxide layer covers the metal 1 interconnects conformably such that the
upper surface of the silicon dioxide layer is characlerized by a series of non-
planar steps which correspond in height and width to the underlying metal {
30 lines. |
These step height variations in the upper surface of the interlayer

dielectric have several undesirable features. First, a non-planar dielectric

1



'surface interferes with the optical resolution of subsequent :

phot ol i t hographi ¢ processing steps. This makes it extrenely difficult to
print high resolution Iines. A second probleminvolves the step coverage of
the netal 2 |ayer over the interlayer dielectric. If the step height is too
| arge there is a serious 5 danger that open circuits will be fornmed in

the netal 2 | ayekuridéd mfiHerds Wit e t@Q'r@%mﬂ 361 sﬂUéeqL@ﬁpﬁﬁoqélﬁ@?gt}gﬁec been

devel oped in an attenpt to better planarize t er-sur
interlayer diel earqqeﬁiNDprapﬂhrsanakeerMMmeWHGme pint highiregbliitionr enove

th t rudi S 0 the rface of the dielectric. Accordin
LoCthi o ot hod, *HE: & S&Pnd SobiER fuekas e gegpam olbaatalzayen abl o
coate with an abo&&hsmméﬁ Hﬁiecuﬁoﬁh 6@6 hs%@é’ta%&thﬁe%&e & ”‘e“

rotate‘d‘ relative to each ot'her In anaras hron
protrudi ng pobti daegemntsopahmemnsempbbumhieum theometak2 fyei.i nues untl | the

upper surface of the,fjlele C Ia is largely flattened. In certain
processes, polishing %cﬁ@ﬁ L’ QP'GH}?- warioys teghniques hawe been develgpede. ,

hi gher than roo afdrh i.shi ng
process greatlyrrfn(r)r‘b? ovesmhgbgg'g‘?éa r&?ﬁ?t'ﬁp\éb% ac%e t@b{é‘?@@ﬁ”@a 'Face

there are certai Onerappiosachemploys strdsied pelishing ad Mnﬂrecmmiir&hfqu fbpaar
dielectric upper Furface t he anount of polishing that takes ace in a

gi ven | ocation i &oR8he ypwﬁyﬁa%?f tbﬁdle!?@ﬂzo Acowﬂmsﬂo}hmgmﬂmdathet opol ogy.

In those are I orde of 10
m.crons) r unglé a\(,:vrg@égn gu%{é)g lﬁ@ rf%é&'&(ﬂ)ﬁﬁ d @ﬁlg c%?gaéﬁ mg} t he
i ieer| ayer diel eutatelialCBbtlth%Mldeth'dW thign rotatst l%fatﬁeiﬁ)aé&fnogﬂ& those

regi ons where thf metal wdth is considerably wider (e.g 1-1
some instances, {MhimaPRsiverfashion igiremeve thepretayding:partions. 2 This abrasine V\/nere t he

32??21?52%?3%?2 OnsHif FroBa EinG T e s PPLIdIR 3 aiekeoE er i o
etching and via ldrpély Mgttéreds. In ceiaih pietiestes? bolSAING il pbitdriidd at dicbiévated?
15 temperature (i.e., higher than room or ambient temperatures)

While the abrasive polishing process greatly improves the overall
flatness of the dielectric surface, there are certain drawbacks. Instead of
producing a completely planar dielectric upper surface, the amount of
polishing that takes place in a given location is highly dependent on the

20  underlying metal topology. In those areas where a narrow interconnect line
(on the order of 10 mfcrons) runs across a wide field region (on the order of
1-10 mm), the interlayer dielectric can become dramatically thinned as
compared to those regions where the metal width is considerably wider
(e.g., 1-10 mm). In sorr;e instances, thinning of the dielectric can reach a

25  point where the underlying metal 1 trace becomes exposed. Most often, the
thickness variation p'roblem results in a via depth differential which makes
via etching and via filling (i.e., with metal 2) more difficult. Having a
dielectric thickness which is dependent upon topology also hinders circuit
design and simulation efforts.

30 As will be seen, the present invention provides a polishiqg process for

improving the degree of planarization attainable in a dielectric layer formed



di el ectric thickness which is dependent upon topol ogy also hinders circuit
design and sinulation efforts. 30 As will be seen, the present

i nvention provides a polishing process for inproving the degree of

pl anari zation attainable in a dielectric |ayer fornmed 2 over a

sem conduct or substrate. SUMMARY COF THE | NVENTI ON An i nproved nethod for
pl anari zing the f ] % jc layer in a sem conductor process is
di scl osed. In 0n§“@ﬁ%g§?ﬁ§ﬂ@"§#ﬁ‘%§&é ésent invention, a dielectric |ayer
is planarized by first positioning a sem conductor 5 substrate face down
on a ‘tabl e which has been coated with an abrasive material. The substrate
is pressed down against the table so that the surface of the interlayer

dielectric intimately contacts the abrasive. Rotational novenent of the {’j-,

substrate relative to the table facilitates renoval of the protruding T
portions of the interlayer dielectric by the abrasive. 10

Post - pl anari zation feature height variation is mnimzed by simnmultaneously
cooling the table and the abrasive material during the abrading or
pol i shing process. By maintaining the table in a tenperature range
substantially bel ow roomtenperature, the step height variation can be
reduced by a factor of 2 over that normally realized by prior art mnethods.
15 I n other enbodiments, the invented process may be utilized to

pl anari ze a dielectric deposited over a polysilicon gate nmenber, and/or the
field oxide topography underlying a netal interconnect. 4

—



‘BRI EF DESCRI PTI ON OF THE DRAW NGS The novel features believed
characteristic of the invention are set forth in the appended clains. The
_invention itself, however, as well as other features and advant ages
thereof, wll be best understood by reference to the 5 = detailed
description whi h follows, read In conjunction with the acconpanying
drawi ngs, wherein: Fi gure 1 1.5 a Cross- sectlonal view of a substrate
fol |l owi ng pl anarbs : i or art polishing nethod. 10

cufrent iy L:?é??%aﬁyén SRS ﬁi%péé fa el fyREe phe Slegtedaier ' " '
Cross- segt Ponal & séMicBhducitt protess isdiscleded?a 1A 2ne BRIBoAIRTEMY Bf the predent M at e

foll )'ng deposition of an interlayer dielectric. Figure 4 is a

cross-Secti onal inventionsa dielectriciiayerds plaummdghyr%stmsﬂionma@rmmwmozat i on
Lalot of "ot ep Ther HAEIIRG gauoR 2 TSR R ReBn soRed AR RN o for o
dielectric | ayermﬂb@ﬁ%@éb&?ﬂ@ﬁﬁhﬁﬂsé&dﬁ?ﬁaﬁﬂsﬁ ﬁﬂthﬁle%%éﬁﬁ@ﬁbrﬁé?‘)d' ment
of the present invention. Figure 6 is a too Vview of e appar at us Fi gure
2 illustrating tdielhéihtertaybedieleetrimlmahdy obntatls thenabrasive.aRdtatiomdle during t he
pl anari zati on process.

FERRED ENMBODI MENT(S) A
process for pl arfBPYNeN °§1"‘8|§E§'&‘Pl "Wgﬁﬁﬁgﬁéﬂﬁﬁmgﬁ ’%’“gﬁpwqﬂ?duct oE )
substrate is di §EbsdAg pbrtiohd st thelinieniyas aidfsthric by the Bbrasive.

10 ‘Post-planarization feature height variation Is minimized by

U

simultaneously cooling the table and the abrasive material during the
abrading or polishing process. By maintaining the table in a temperature
range substahtially below room temperature, the step height variation can
be reduced by a factor of 2 over that normally realized by prior art methods.
15 In.other émbodiments. the invented process may be utilized to
planarize a dielectric deposited over a polysilicon gate member, and/or the

field oxide topography underlying a metal interconnect.



* nunerous specific details are set forth, such as specific material types, 5
t hi cknesses, tenperatures, etc., In order to provide a thorough
understanding of the invention. It will be obvious, however, to one skilled
in the art that these specific details need not be used to practice the
present Invention. In other instances, other well-known structures and
processi ng steps have not been descrlbed |n oartlcular detail in order to

- avoid 10 unne &R Mol Ml AeBaRINR, ent i on. Referring to
Figure 1, there is s gﬁgb r
substrate 5 foll ow ngﬂ &'{Aggggléggﬁs%%ﬁé %'”@Jaré@légn‘reﬁug&éﬁe e ﬁ&f?ﬁégée in

accor dance wi t h forik fthe Hpperided aRtimiss mhagnmtnhowsem hiewdvey, aswgleas ooty
pl anari zed dielectric would: have#)a surface contour which follows 15 .the

dashed |ine 4. Healrsandadvantagestherent, will bedestundprsieodby teferanes toithe oS 6
and 7 and th ﬁﬁ{é\ 3 1s

substanti al | thﬁxé]'([aegl.&% Qhrevg{@gﬁﬂo %&g&@\rf&f?\ r@r‘yhgﬁomar ed to the
regi on above netgicompafyifig dkéwuﬁgglwhérémt his is illustrated by the relative
thi cknesses 9 and 8 of dielectric 3 over lines 6 and 7, respectively,
wherein 20 thickness 9 Is. grea_ter t han thi ckness 8. As ‘expl ai ned above,

this variation In di I on the overall
t opol ogy of the unde?@'ﬂﬁ{ %eég - %%@@eﬁtaﬁgf%‘ﬂgdgtagsw ff(% wi nce to Figure
2, there is illusihrdizatloaidrdinghod pABOaN Polishiigamethbanar i zatl on of a

dielectric layer in accordance wth the present 25 invention. During
pl anarizati o a sem conductor substrate 23 is placed face down on a table

20, T0e L0020 ncligi, 2 ol BN MG it 4RBRnil 120

surface of the 'ﬂhﬁlﬂeawi‘fenﬂyg féd émbedimBnt ¢fthe preséntdivaniion. The pad
material is capable of absor |ng particulate matter 30 such as silica or

other abrasive materials. In the currently preferred enbodi ment of the

Invented process, a pgly rgt 30 %sg%%cﬂ?}wl’(n‘zwartﬁéjsmstrgte ofa

15 semlconductor substralk following deposition of an interlayer dielectric.

Figure 4 |s a cré;ss-sectional vﬁew_ of the substrate of Figure 3

foliowing plana,_f_i?alion iaccordin’g to the method of the present invention.

20 FigureSis a pldi:t of step height ratio (SHR) and polish rate versus
temperature fo_l"'a- dielei::tric_Iayer'plan_arized according to the currently \J

preferred embodiment of the present invention.

Figure -6_ isa tob view of the apparatus of Figure 2 illustrating the

25 relative motions of the icarr_i‘er and table during the planarization process.




Rodel, Inc.’, khown by the name "SUBA 500", is enployed. A carrier 24, also
known as a "quill", is used to apply a downward pressure F1 against the
backsi de of substrate 23. The backside of substrate 23 Is held in contact
with the bottomof carrier 24 by a vacuumor 5 snnply by wet surface
tension. Preferably, an i nsert’ pad 30 cushi ons watd¥ 23 fromcarrier 24. An
ordinary retaining_ring 29 |s.enplo ed to -revent.mater 23 from slipping

| ateral |y from bel&MHiEs i e RMBRIRIMENT(S) ¢ ypically on

e order of 2 pounds REiecalbl Bendhind 2% %e E?%’?r.e@f%%’hli oressure
is used to facil |sahieoadnmaﬂswbsmbi§dis¢19seuf lhhl@a follpwing desdription,of t he

[ nter@er di ei ectri-c. Duri n&operau on, the carrier 24 typically rotates
at approxi mat el y BEMPIOYS speci details arasehiorthosuchasspecific mefariablype®o. Thi s

et 97 | hOvE Lo ohadb aloed 4 T Bt FbedlLE LY 20

rotates at about GAddrstanding of the invaitionll el be%bmeb@hbwevérqdm gimegnent  of
the substrate. Again, the rotation of table 20 is achi ei ved by wel | - known

mechani cal neans. 1Mlﬁfh§iavwepﬁ)ﬁpmmwl§mﬂeﬁu@§b¢ usedip pragiine the mrasent a

hi ghly planar upp Lel ectrlc uced. ure 6
shows a top view &yeglfpéw elglotll%iripgé %a?thg ﬁé'ge ?’gpuéeﬁ ?P%

rel.ative rotati onglepsha0eRot eenfdeseftiddsih pafticaiad dbﬁmrﬁ‘oragr R &oiddi cat ed by
arrows 34 and 35, respectively. Note that In the currently preferred

enbodi nent , chPri unnecessaliiy phscuring shespresertinvantipdsi tion rel ative to t he

O e bbby o0 FRATSR P Bt RS Wkl Seblo kBt 75
Figure 6. It Is aB@ﬁ\ﬁﬁhdﬁd&éd&%&a@'S%llé\ﬁhg\bhrﬁm%hr&maBﬂ%'e?”D' oy

di f-ferent neans for novi n? substrate 23 relative to table wi t hout
departing from t hdielgstic 3 iacoordanee withtsheonyestienal pelishingtmethod. ideally, a

- perfectly planarized dielectric would have a surface contour which follows

15 the dashed line-4. ._H0wever. because of the differing widths of metal 1
traces 6 and 7 and their surrounding régions. the thickness of layer 3 is
- substantially thinne_d in the region above metal line 7 as compared to the
" region above metal line 6. In Fl'gure 1 this is illustrated by the relative
thicknesses 9.and 8 of dielectric 3 over lines 6 and 7, respectively, wherein
20 thickness 9 is greater than thickness 8. As explained above, this variation in
dielectric'thickhess’- is highly dependent upon the overall topology of the
-underlying metal 1 interconnects.
With reference 1o Figure 2, there is illustrated a polishing apparatus
- for planarization of a dielectrié-layer in accordance with the present
25 invention. Duri-ng-'-pla_narization, a semiconductor substrate 23 is placed
face downon. a table 20. The table 20 includes a pad 21 fixedly attached
to its upper sﬁ'rface‘. Pad 21 normally comprises a porous material which
contacts the upper surface of the interlayer dielectric formed on
substrate 23.. The pad material is capable of absorbing particulate matter
30 suchas _sllic_a_-or other abrasive materials. In the currently preferred

. embodiment of the invented process, a polyurethane pad manufactured by



The apparatus of Figure 2 further Includes an ordinary refrigeration 30
unit 35 far chilling a coolant as It. flows through pipe 32. Pipe 32 passes
through the interior of table 20 so that the tenperature of table 20 may
be 7 reduced bel ow room tenperature during the polishing process. In the

currently prefer e I men t he cog ri ses ordinary water whose
tenperature is cbﬁg?'or%eg‘"ﬁvnﬁ’é ?W%té@fimth semployedhat the tenperature
of table 20 is mint 3k gatheRby ik RPfdePés‘-‘éy% WedE alrd iﬁvﬁ(ﬁm hr oughout
the polishing process. Unit SO provid e neans e cool ant

is circul ated thpmsgbrqumaiﬁstamibadrbitjeoE@ubslratecﬁdweTheebé:ukdldemﬁt s, other

types of cool ants and/o t rnefrr t|o schepes be -enpl oyed
W t hout departi nﬁu?ﬁ'@r‘ﬁ {"%Es Q ¢ i eontag g %‘f°"f HE‘WF‘%’S%WPV FrY?Elﬁt‘ﬁ‘ 8h. ;j;,g:

The apparat use Of cfidiy'bf wat wscg%ngrggwa@a iy, B iseRbddOdo dhioke" | N0 L NE

abr asi ve materl aI o the s ace ur| ng 'pol1shing. The abrasive
is preferably dewatmraedmm carrier (R4 ckrsursltmansretahlngihhgadsds émployed 1ot 0

Shurry s direct BEPA BelhES G S‘sreemsiatgeﬁv E%m&y”ﬁaﬁza‘a@rei%%“v@is abpied e
abrasive slurry is |likew se c i1l r tion unit, 3 g bzmg heat
nanger 26, LiBsRsswe AR GEcal t e AHORr Pt oL RS HRT steers R (dbigpb? 0, |
cxchanger 26 Pesteanchchdlnlds ol it B WD B0 o
tenperature as to?%ta{r%t' ZhheTﬂ’qulr?sggre s Q r:pgo k44t RbRENE pdshirlghofofnaer wor ds,

t he cool ant circula so used to chill' the slurry flow ng
in 20 pi pe 36.upper usfaesmfr EF'EQ Me’tq'ﬂi*tc'“@xchanger 26 may conprise any
material or device which i's capabl e of ‘efficient transfer of thernal ener*g-f

bet ween pi pes 36 and egnnmeawpaghmm-eromygmu Riates st approximetelodRl Vi ew

of a substrate 19prt1§ ina crrcutar motr{)n retattve to table 20. This rotational movement is
commonly provrded byl oouptmg n ordmary motor to shaft 27. In the

15 currently preferred em&odrment the table also rotates at about 36 rpms In
the same drrectron retatrve to the movement of the substrate. Again, the
rotation of table 20 is échreved by well known mechanical means. Abrasive
polrshmg contlnues in thts manner untrl a htghty planar upper dielectric
surface Is produced : )

20 Figure 6 shows h top vrew ot the potrshtng apparatus of Figure 2 in
which the retatwe rotaﬁonat movements of carrier 24 and table 20 are
indicated by arrows 34' and 35 respectrvely Note that in the currently G
prelerred embodrment carrter 24 remarns in a stationary position relative to
the center 40 of table do The portron of the pad surface (i.e., pad 21

25 . covering table 20) utilrzed dunng polrshmg is depicted by path 41 in
Figure 6. Itis- appreciated that altemative embodiments may employ
different means for mowng substrate 23 relative to table 20 without departmg

from the sptnt or scope{ of tha present invention.

The apparatus or Figure 2 rther Includes an ordinary refrigeration
- 30 unit 35 for chrlhng a coblant as It ﬂows through pipe 32. Pipe 32 passes

through the tntenor of table 20 so that the temperature of table 20 may be



shown i medi ately follow ng deposition of an.interlayer dielectric 14. 25
Figure 2 illustrates dielectric 14:before pliaghari zation. Substrate 10 has
assorted netal interconnects, e.g., 11 and 12, patterned across its
surface. These netal interconnects provide electrical connection between

t he individual devices of the integrated circuit. Interlayer dielectric 14

Loporogy of he. dgaseo i Kibm B Butodie BRvsne poneess, anfee

under | yi ng netal dumietlE preteresd émbBodimeAt, th?‘&oldﬁﬁ%ﬁr'%étﬁéiha% watef he upper
surface of dielectric 14 i's characterized by a series of 'stép height
vari ati ons. The prhosgdemperatiireis eantrgied by refigesation unit 35 sputhat theby di mensi on

! S ey o e o D ane |
i or ne 0N 0 Saihorbsi of ok bo I midkl) § WBrbindihy 1AEetrbes ol Tt ¢ g
now to Fi gures4, throdRedtthe poshingl proey, anitt:isehlﬁlﬁﬁwai thePeandbY whigh' S

shown follow g planarization In accordance with the present 1 nveéntion. .
Observe that podbe peglant is cirgpiated tirdughepipe 32 and table 80.direother t he differing

i dt hs of I T-T 1 d thejr. di . A fectl
Dl anari sed di o e BErRAAVESF of s e e 18R eh scirioro
di el ectric rendbvahay be 8Rployad witheiitbpafigitdnt the Spirt BAd Q@o}e"ﬁi?ﬁ@piegém
underlying nmetal interconnect is relatively narrow and Isolated I'n a |arge
space or an equi\Javemiphy | ow netal density region. Due to the fact that
netal intercqmnect i 12 is, nugh. nar r than metal |jne 11, a graded
depr essi on zg e is prﬁﬁ@@ﬂaﬁaﬂ’sdﬁg;l'%? %?ﬁﬁﬂs’%fﬁ‘&?é aqu?%3€§?’d%f1\‘f§‘“ﬂ B8 essi on
15\_szone gives rdtassivemarinahéntsaned sirdes ol?aé‘h?@%ﬁd‘ﬁol}téﬂﬁﬁf ﬁiéra[b?%ao“

dielectric 14. Difference 18 Is an indication of how tar "the planarization

process has devi d¢ eeterabiy defivered dma liquidsuspansiop taligd & i"slem"ap fabilitate dhd he
underlying topol Op%fisl%];\g E)po%egg.t iherlbe'it?gt SJn‘%SJH‘xﬁ%uEh pipe 36, the slurry is

directed onto the surface of pad 21 by nozzle 38.

15' The abrasive slurry is likewise chilled by refrigeration unit 35 utilizing
heat. exchang_er 26. Heat exchanger 26 thermally couples pipes 33 and 36
toge{her so that the slurry passing through pipe 36 is maintained at the same
temperature as that of the oo_olént _ﬂowi_ng through pipe 33. In other words,
the coolant circulating in pipe 33 is also used to chill the slurry flowing in

20 pipe 36. Itis appreciated that exchanger 26 may comprise any material or
device which is capable of efficient transfer of thermal energy between
pipes 36 and 33. -

Referring now to Figure 3, a cross-sectional view of a substrate 10 is
shown immediately following deposition of an interlayer dielectric 14.

25 Figure 2 illustrates dielectric 14 before planarization. Substrate 10 has
assorted metal interconnects, e.g., 11 and 12, patterned across its surface.
These metal interconnects provide electrical connection between the
individual devices of the int_egrated circuit. Ihterlayer dielectric 14 normally
comprises a cvD layer of silicon dioxide. _

30 Note that the topology of the upper surface of dielectric 14

corresponds to the underlying metal interconnect features. The result is that



A neasure of the effectiveness of the planarization’ process |Is given 20

by the ratio of the post- polish height 18 to the pre-polish height 17.

Mat hematically this is expressed as: Step Height Ratio (SHR) =

Post - Pol i sh Hei ght- Pre-Pol ish Height 25 In the prior art, SHR typically was
in the range of 0.5 to a 1.0; rreanl ng that the post- pollsh hei ght variation
18 generally ranged between 0.5 and 1.0 microns. As previously expl ai ned,
this |arge thi dheeppersuriaes obdielda rbhd Is charactetizdd bji & sedés ofcstepheight

consi der abl e procesS|n raobl egsi - I:n C nparlson the present invention

i s capabl e of rV&ateN%y raRalish 5‘98619%'3(? feg i Figiire 2 byes e nunbers are
representative t r n test
devi ce wherein %?gﬁaﬂfzewg% ﬂéé‘&?&@ ?ﬁ@r% tﬂ? sgh\% &ethg , E I"«
line 12 is abouwf rﬁetai intevconniedts dt@(asgxaepprgxihﬂelp&rmml I|ne 12 ar
the nearest nmetal line 11 1s on e order of 10 mmwi de.) Obviously, SHR
results can Q/ary SI qrf'%ﬁ?‘f’WEEQH mwgoenseqtienﬂafﬁw etahgsupstiateph” used and
the relative si t y R le, if the
ﬁ?@rl ‘q‘rs dhowl c! Eﬁaﬁﬁ%? in aé&?%en Swit t?rélq%@ |

space between I nes 1 'S << vir

pol i shi ng procdaeention. Gbsaive that _jsttpoltshzrrhtgmd‘ﬁbﬁneé Qaemstdmeloﬂr&? nunber s
are furni shed Onlé’lﬂ s an indicatj.on that ‘the present Invention inproves SHR

in Integrated i gt’g'dﬂ'\;‘%é'@‘ﬂ'l “93|1F|9§f’t136ﬁ’!dd|’\§" anﬂwmmhvm y wide
| 1 width | SHR
ol 50 o s n ol AV B R o

l evel , the present I-on re
slurry depot0 t edieleotrio réoval is Heve '_ltyfemdcéiﬂinhhosmgﬁnﬁfwlfeeé fHeger dati on un| t-
35. Basically, in order to.achieye.a:: :

underlying metal interco nect is relatively narrow and isolated in a large

space or an equrvalently w metal densrty regron Due to the fact that metal
interconnect hne 12 is mt ch narrower than metal fine 11, a graded
depression zone is prodJced in dleleclrrc 14 above line 12 This depression
15 zone gives rise to herght Nanatron 18 along the upper surface of
dretectnc 14, Drfference '18 Is an Indrcatron of how far the planarization
process has devrated froq'n the ideal (represented by line 19) due to the
underlying topology of thL rnetal 1 interconnects
A measure of the eﬂect "_'ness of the plananzatron process is given
20 by the ratio of the post-polrsh height 18 fo the pre-polish height 17.
- Mathematically thrs is expressed as W

Step Herg_hg Ratio ¢ HR) - _Eo_st_EQlLsh_l:Iﬂgm__
' - Pre-PoIrsh Height
25 e
In the prior a, SH@R rypicaliy was n the range of 0.5 to a 1.0; meaning
that the post-polish herngt vanatron 18 generally ranged between 0.5 and
1.0 mrcrons As prevrously explamed ‘this large thickness variation in the
intermetal drelectnc causes consrderab!e processing problems. In
30 comparison, the present: mventron ls capable of reducing SHR down to
approximately 0. 25 (Thtse numbers are representaﬂve of conventional

measurements taken on Iarge pattem test device wherein metal fine 11 is



|l ow SHR | evel the table and the abrasive material nust be kept
substantially 15 bel ow room tenperature: This. i's acconplished in the
currently preferred enbodi nent utilizing ordinary refrigerator coils and a
heat exchanging el enent. Alternative enbodi mrents nmay enploy a variety of

ot her cooling nechani sns. By way of exanple, the entire planarization
apparatus -- including the carrier, pad, substrate and table -- nay all be
encl osed wi t hi n zomthe orderofd@:mmivwide,shetabline 12ds abbildvmiccomwidaranddlall t s. .
Figure 5 shows a plot qf .SHR an ol ish rate versu: nperature. As is
clearly illustrat g‘%ﬁ"'ﬂ“ﬁ@“ﬁ%’b"‘ﬁ%‘g’?ﬂ !@&Pﬁ’gﬁ '(‘ﬁ?’?é"? %ﬁ'& ity paéhr-rdeny

I owering the tengyr R mhfwhfe.)t ). i Eéﬁf%}ed ;

[err] X3 step hei ght ratio gfog“%ﬁgﬁgjs&g%g#@m g&?ﬁat heezbrbg@ﬁg'?’lkon In
25 tenperature hthe patticutaspatierahised and ¢he relative sizepof the metaltlimes and he pol i sh

rate at [err] is approxinnatel 250A per njnute conpared to approximately
2300A per ni ntﬁ e soéﬁ)c[rp,sr] or P’TMGQ&&‘WW"&LM@" J‘ﬁrﬁé'"?ﬁb!hﬁﬂ‘éagf rom si x

- wafers wherein fi ' ; e r re).

" Cooling table 20 S‘r‘?‘ngﬁ%‘ﬁﬁiﬂ‘%ti%WB?‘&%‘“&@??*%E*&?%S%%PZ‘vg'é‘%ta“

uni formity both azerosThetetorepthese S8HR riumbers\afeclurrished@hlyr asoan indidaticrt ed by

Table 1 below. 10 I TABLE 1 5 .. Uniformty
Uniformity Cross Y8t the present inventionimpeoves SHR indptegeated circuits; especially in 9 504

’:5L 39;/% A)lo [err] situalionslwyglajj@ g&g/ﬁvely wide metal 1 widths andt spdeingt (d.g., ~ 10

.- 10 mm.)
\_/’ To achieve such a low SHR level, the present inven{ion relies on
cooling table 20 .and the abrasive slurry deposited onto the surface of
pad 21 by means of refrigeration unit 35. Basically, in order to achieve a
low SHR level the table and the abrasive material must be kept substantially

15 below room tehperéture. This is accomplished ir_l the currently preferred

embodiment_utiliz_ing 6rdinary refrigerator coils and a heat exchanging
element. Alternative embodiments may employ a variety of other cooling
mechanisms. By way of exampie, the entir_e planaﬁzation apparatus --
including the cérrier. pad, substrate and table -- may all be enclosed within a

20 refrigeration chamber to achieve similar resutts. .

U i Figure 5 shbws a plot of SHR and polish rate versus temperature. As
is clearly illustrated, the step height variation is radically reduced by
lowering the temperature :of table 20. Atthe preférred temperature of 10°C,
a step height ratio of 0.25 is produced. Note that the reduction in

25 temperature has no appreciable affect on the polish rate -- the polish rate at
10°C is approximately 2250A per minute compared to approximately 2300A
per minute at 40°C. (The data for Figure 4 was obtained from six wafers
wherein five sites per wafer were measured at each temperature).

Cooling table 20 during planarization processing also improves

30 uniformity both across the wafer and from wafer-to-wafer as indicated by

Table 1 below:

10



Al t hough the present invention has been described in‘conjunction wth the
pl anari zation of an internetal dielectric layer (i.e., between netal 1 and
nmetal 2), it is appreciated that the present invention is not limted to
just this use. For instance, the invented process is also useful for

pl anarizing 20 other dielectric layers, e.g., a field oxide or a
polysilicon-gate dielectric in a process for formng field-effect
transistors. Therefore. it is to be;understood,that t he particul ar

enbodi mrents shopn and descri bed i1l ustration are in no jway

I ntended to be fonsi dered Iinitlng ﬁiﬂ@#ghdk to the detalls of tthe
preferred enmbodpmermt—ts—25 rot-—rt-endet—to—r+t—the—secope—af—Hhe cl ai ns

whi ch thensgl vep recite only thoqﬁ..dj.ﬁ, res rega_rdqg‘%‘ entlal to the
4 :

i nvention. Thus| an inprovef netlggded Wafdp! anar] zin fefce f a =

di el ectric depopited over a] sem conduct or subs r at een desqri bed.

- 12 - CLAIMS 1 h a] seniconductor rpcess, a netnod |for :
pl anari zing thejsurfa2Ce of p di el eco.6%c dep05| ed on & @ybstrate Jconpri sing
the steps #0: p)SItIOI’lI ng spid substrate on a fable coated with gn
abrasive; press 2¥Cd subptrate 3%8nst saidjtable OB% that daid
surface of sa | ectr]c cbn S said pbrasive; nDV|ng sdi d
substrate rel at {H)ogsm d tabl el tigﬁé‘tl litate} pl ana¥48%tion of| said
dielectric by “sard—abrastve—ant—st rru. -+arreoust-yp———ecoe-hg saHd tabl e
to a - 15 ! :

Although the pr_esert invention has been described in conjunction | "
with the planarization of an intermetal dielectric layer (l.e., between metal 1
and metal 2), it Is apprecr zted that the present inventron is not limited to just
this use. For mstance th invented process ls also useful for planarizing
20 other drelectnc !ayers e. gr. a feld oxide or a polysnlrcon-gate dlelectnc ina
process fcr formmg field-effect translstcrs
Therefore, it is to be understood that the partrcular embodiments
shown and descnbed by v+ay of. |llustratron are in nc way intended to be
considered limiting. Refen’pnce to the details of the preferred embodiment is
25 not intended to fimit the sd;ope of th_e claims which themselves recite onIy

those features regarded as essential fo the invention,

Thus, an |mproved rnethod for planarizing the surface ofa duelectnc

depcsrted overa semrconductor substrate has been described.

11



tenperature substantlally belom1r00n1tenperature to mnimse thickness
variations in The -met-hod according to claim1
wherein said | ‘\mmﬁm mrmmses the steps of -rotating said substrate
relative to sal mnck rdtating said table relative to said substrate.
3. The met hod of claim 2 wherein-sdiad—di el ectric conprises silicon

di oxi de. 4. The nmet hod according to claim1 wherein said cooling step

conprises the step of flow ng-a refrlgﬁ%%ifg%coolfgﬁ t hrough said table. 5.
In a semconductor process, a net r planarizing a dielectric

deposited on silicog subgtrat 0 th s of: pos ald

substrate on g ‘t abl e; riﬁ'r esél ng?e zi'icé’r;}sarﬁ‘l?%tolxgt g%%’%%t 55 d '3 t%g % hat

sai d gh Iectrp@amemu@mngtthesantiaseobﬁ%ndduabbstrdm|d&posm;edlahraS|ve

mat eri to saiflsEy: E%p%ﬁ&%fﬁyfﬁieﬂﬂe s of3 - NMoving said substrate
IIo

over sald surftace o sai sald abr asi ve naterlal . to
wear away portions ®&esiddoning spdé substrater oncg fgrble goadied mddi ti ng
in a substant afl byralsdk@; dielectric material; and sinultaneously cooling

said table and sald abr sive erl erature ch.is
substantial 'y é%ng sgf gstrate a&ggns salxmkagle such
.that sald surface of said dielectric contacts said

abrasive;
moving said substrate relative to said table to
_ facilitate planarization of said dielectric by said
k,/ abrasive; and ' _
simultaneously cooling said table to a
temperature substantially below room temperature to
minimise thickness variations in said dielectric.

2. The method according to claim 1 wherein said
moving step comprises the steps of rotating said
substrate relative to said table; and rotating said table
relative to said substrate.

3. The method of claim 2 wherein said dielectric
comprises silicon dioxide.

4, The method according to claim 1 wherein said
cooling step comprises the step of flowing a refrigerated
coolant through said table. '

5. In a semiconductor process, a method for
planarizing a dielectric deposited on a silicon substrate
comprising the steps of:

positioning said substrate on a table;

pressing said substrate against said table such
that said dielectric contacts the surface of said table;

' delivering an abrasive material to said surface

of said table; '



bel ow room tenperature during said nmoving step. 6. ° The net hod
accordlng to—elatm5—wheretn—said table and said abrasive material are both

led to a tenperature of approxinately [err]. 7. ~ The nmethod of claim
6 wherein l "I“m U’ mprises silicon dioxide. 8. The met hod
accordi ng t sai:d ceohhng step conprises the .steps of:

flowing a refri gerat ed cool ant through said table and a heat exchangi ng
elenent; flow ng said abrasive rmaterial through said heat exchangi ng

el ement prior to saj iV r| such_t hat iyd ¢ ant asorb t he
t hermal energy of sa.g?ﬂg te(raal gﬁ"ﬁé%gﬁ re a?‘cﬁegxfagﬁgesru Ter g SEB l'ing
sai d materitable, to alhow s%mi oralrasiver aederigldi cko nueaaresawhg st eps

of : forn ngn8ptabnknt S£0NBEEHS | Qﬁe.oféc&ﬁélbsi:&at ESIEEAGE, aeﬂeil@B?S@f ng
an interlayer dielectric over saha% netal ipterconpects said interl ayéer -

diel ectric REFHAGIRA dfh@ SWRFY felaw%sela?%o%g}ectmeg‘atfaﬁlahe. ght
in correspoafance with said underlying metal interconnects; an | mpr oved
o o Pt et 2 BghTAndRE " IS AT gt TSRV Tp e hh ©
coat ed w t habmasive material to| a temperature which is substantially
below room temperatuﬂ'e durlng said moving step.
-6, The method ?ccordlng to claim 5 wherein said
table and sald abra$1ve material are both cooled to a \.J
temperature of appro:p._m_,_at_ely 10°cC.
i o
7. The method of claim 6 wherein said dielectric
comprises s111con d1&x1de.

8. The method ihc_cor_di_n'g to claim 5 wherein said
cooling stepICOmprisés the steps of:
flowihg a refrigerated coolant through said table
and a heat exchanglnq element, |
flowing said: abra51ve material through said heat
exchanging element prlor to said dellverlng step such
that said coolant absorbs the thermal energy of said

material through sa id exchanger , thereby cooling said o’
material. ' -
Q. In a semlconductor process which includes the

steps of'

forming metal interconnects across a substrate
surface; and | '

depositing an interlayer dielectric over said
metal interconnects, Eaia'interlayer dielectric having an
upper surface ' whose topology varies in height in
correspondence w1th sald underlylng ‘metal interconnects;
an improved method of planarlzlng saiad upper surface of
said 1nter1ayer dlelebtrlc comprising the steps of'




abrasive such that said upper surface of -said interlayer dielectric
contacts sai | 4G tating said substrate with respect to said table;
si mul taneousﬂlmnmmaHuggﬂﬁlsubst rate against said table to facilitate the
removal of portioons o I'ds upper surface of said interlayer dielectric by
sai d abrasive; and cooling said table -amd abrasive to a tenperature :
substantially bel ow roomtenperature during said rotating and said pressing
steps. 10. The nethod accerding to claim9 whetgin said table and said
abrasi ve are both cool L Eenpe, PLO tel ery]...11.

The met hod according t%ﬁc‘f'%% %%{@m%'?ﬁe%&sg%dgﬁn er.f""ay%r céaé:leéﬂwﬁ%‘ an
conpri ses si | iPQFRSdsk| gMch 1bhat saifecuppenogunfesediofy sad | iterilayerer ei n
said ¢0gling HikN e Mic EontidOd NEh £ |dpi w0l ant through said table.

13. " An apparatus for._planarizing th r surface of a dielectrigc
deposited on a sem co %’rn%ulﬁ@tﬁé ?“55#32‘%5 nYith (EeFRertyitRy £aih

surface conpritabldgeja porous material capabl e of absorbing particul ate

"matter; neans for pressy | tr | ngt . gal | e, such that, said

upper surface of, sai d%@e‘gﬁﬁég tgg{egsgg@d ?éﬁasur % r.%'feseﬂ%?ltrfoq e;

- means for del BdQ rphke s afroblitietei thet tepgvalt of porftdonsofofsaaid

table; neans uppePVigitfatld] Y4OSERINE PHBEriaYEr! ORielectric by said
abrasive; and

cooling said table and abrasive to a temperature
b substantially below room temperature during said rotating
and said pressing steps. '

lo. The method according to cl";:\im 9 wherein said
e - table and said abrasive are both cooled to a temperature
of approximately 10°C.

11. The method according to claim 10 wherein said
interlayer dielectric comprises silicon dioxide.

12. The method according to claim 11 wherein said
cooling step comprises flowing a liquid coolant through
said table. ‘

W
13. An apparatus for planarizing the upper surface of
a dielectric deposited on a semiconductor substrate
comprising:

a table having a top surface comprising a porous
material capable of absorbing particulate matter;

means for pressing said substrate against said
table such that said upper surface of said dielectric
contacts said top surface of said table;

means for delivering an abrasive material to said
top surface of said table; '

means for moving said substrate over said top
surface to allow said abrasive material to wear awvay



surface to allow said abrasi terial to wear away - 15 - portions of
sai d diel ectri—Mﬁt hat said upper surface of said dielectric

beconmes subst an d nmeans for co ling said table to a :
t enperature sub roomtenperature. 14. The apparatus of
claim 13 furth arrpn

ngf means-fpg <ooling said abrasive material such
that said materi aI Is at a tenperature substantially beI ow room terrperature
when said material is delivered to said top surface.

seni conduRFtign®cess said dieheatrier by a&a’ﬂ’"z’r% FHEhSthaé'cesta

di el ectri qgisdosisuedaee aoﬁuls%tlhat&léx@étﬁﬂél Yelcomes he&sse@ﬁpaﬂfescrl bed

with reference to the acconpanying draw ngs. 16. An appar at us
pl anari zi NAr L surface of a dielectric deposited on A
sent conduct or suhséanse ﬁm:bsbagungl ysaaid h@.ablebe&mra deempeh@tlumet h o

reference 4 f,dih@FLPIP aﬂXigg P45 Pofiperature.

14. The apparatusi of claim 13 further compriSing
means for cooling said abrasive material such that said
material is at a temperature Substantially below ifoom
temperature when said) material is delivered to said top
surface.

15. In a semiconductor process, a' method for
planarizing the surface of a dielectric deposited on a
substrate substantially as hereinbefore described with
reference to the acconllpanying drawings.

16. An apparatus fbr planarlzlng the upper surface of
a dielectric dep051ted on a semiconductor substrate
substantially as herelhbefore described with reference to
the accompanying drawiings.




