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omAbstra
tChemi
al-me
hani
al polishing (CMP) is a te
hnique used in very deep-submi
ron VLSI manufa
turing toa
hieve uniformity in long range oxide planarization [1℄. Post-CMP topography is highly related to lo
alspatial pattern density in layout. To 
hange lo
al pattern density, and thus ensure post-CMP planarization,dummy features are pla
ed in layout. The only known previously published algorthm [3℄ for dummy featurepla
ement is based on a very simple and inadequate model. This paper is based on a 
losed-form analyti
almodel for inter-level diele
tri
 thi
kness in CMP pro
ess by B. Stine et al. [7℄ and a model for e�e
tive lo
allayout pattern density by D. Ouma et al. [5℄. Those two models a

urately des
ribe the relation betweenlo
al pattern density and post-CMP planarization [8℄. This paper uses those two models to solve the dummyfeature pla
ement problem of a single layer in the �xed-disse
tion regime. An experiment, 
ondu
ted withreal industry design data, gives ex
ellent results by redu
ing post-CMP topography variation from 753�A to169�A, and 
ompares favorably to the algorithm in [3℄, whi
h only redu
ed the topography variation to 358�A.1 Introdu
tionVLSI manufa
turing uses 
hemi
al-me
hani
al polishing (CMP) to remove ex
ess oxide deliberately de-posited on surfa
e of the wafer in order to a
hieve relative uniformity of inter-level diele
tri
 (ILD) thi
kness.Uniformity of intra-die ILD thi
kness redu
es pro
ess variation and thus improves predi
tability and man-ufa
turability [1℄. Post-CMP ILD thi
kness is highly 
orrelated to pattern density distribution of existingfeatures. Hen
e, one 
onsideration to ensure CMP manufa
turability arises from the fa
t that to a
hievepost-CMP planarization of ILD, pattern density distribution has to satisfy 
ertain relations prior to theCMP pro
ess.Dummy features are inserted into layout to 
hange pattern density distribution. Dummy features areele
tri
ally ina
tive features that are not for the purpose of opti
al assistan
e. Therefore, given a model ofthe relationship between pattern density distribution and �nal topography for a CMP pro
ess, the dummyfeature pla
ement problem is to determine the amount and lo
ation of dummy features to pla
e into thelayout, su
h that 
ertain 
onstraints, su
h as ele
tri
al and physi
al design rules, are observed, and 
ertainobje
tives, su
h as minimum or ranged variation, are satis�ed by post-CMP topography.Re
ent models of CMP by B. Stine et al. [7℄ and D. Ouma et al. [5℄ have enabled faster and more a

uratepredi
tion of ILD thi
kness from 
omputing an e�e
tive initial lo
al feature density. Base on those models,this paper proposes a two-step solution to the dummy feature pla
ement problem for a single layer in the�xed-disse
tion regime, in whi
h the layout is divided into a grid of small re
tangles of equal sizes. The �rststep uses linear programming to 
ompute the amount of dummy feature needed in ea
h small re
tangle. These
ond step then pla
es the pres
ribed amount into ea
h re
tangle while optionally optimize 
ertain lo
alproperties.In the se
tions that follow, the models used by this paper and the only previous work known to theauthors are reviewed in se
tion 2 for 
ompleteness; se
tion 3 des
ribes notation and the two-step approa
h;1



experimental results and 
omparison to the only previous work is in se
tion 4; and �nally 
on
lusion ispresented in se
tion 5 along with some dis
ussion.2 Models for the CMP pro
essSeveral models were proposed for oxide planarization via CMP [4℄. In 
ontrast, the model by B. Stine et al.is not 
omputationally expensive nor diÆ
ult to 
alibrate [7℄. In that model, ILD thi
kness z at lo
ation(x; y) is solved to be z = ( z0 � [Kit=�0(x; y)℄ t < (�0z1=Ki)z0 � z1 �Kit+ �0(x; y)z1 t > (�0z1=Ki) ; (1)where Ki is the blanket polishing rate, z0 the height of oxide deposition, z1 the height of existing feature, tthe polish time, and �0(x; y) the initial pattern density. Figure 1 shows a s
hemati
 for some of the variables.Normally t is larger than (�0z1=Ki) so �nal oxide thi
kness, by the se
ond 
ase of Eq. (1), is between 0 and
z1z0

0z = Pattern
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B

Figure 1: Some variables in CMP(z0 � z1). In addition, for a spe
i�
 CMP pro
ess, all Ki, z0, z1, and t are 
onstants. As a result, the �naltopography is determined by the initial pattern density �0(x; y).In the simplest model for �0(x; y), the lo
al spatial pattern density in a layout is used. An algorithm byKahng et al. solves the dummy feature pla
ement problem based on this model [3℄. In their algorithm, theobje
tive of minimizing �nal ILD thi
kness variation is translated to minimizing spatial density variationwithin all possible 
oating re
tangular regions of given size (
alled windows). Obviously this Min-Variationformulation is 
orre
t for the simple model, and is very useful in the design phase to guarantee 
ertain densityrange in layout.However, more a

urate modeling by D. Ouma et al. 
onsiders the deformation of polishing pad duringpolish [5℄. The e�e
tive lo
al density �0(x; y) is no longer dire
tly proportional to lo
al spatial pattern density,but 
al
ulated as the summation of weighted spatial pattern density within a weighing region. The weighingfun
tion f(x; y) is an ellipti
al fun
tion. Size of the weighing region depends on the intera
tion distan
e,whi
h is the length at whi
h the relative weight in f(x; y) drops to 1=e. The intera
tion distan
e, whosevalue is typi
ally several millimeters, depends on the spe
i�
 
ondition of a CMP pro
ess, so 
alibration withdire
t measurements from test patterns is needed. To 
alibrate f , an ellipti
al f is assumed to bef(x; y) = 
0 exp[
1(x2 + y2)
2 ℄;and then 
onstants 
0, 
1, and 
2 are experimentally determined [8℄. Figure 2 shows an example of f .In the �xed-disse
tion regime, where the layout area is divided into a grid of small re
tangles, spatialpattern density for oxide d(i; j) is determined for ea
h re
tangle. f is dis
retized a

ordingly with respe
tto the grid. The dis
retized e�e
tive lo
al pattern density �0(i; j) is then�0(i; j) = IFFT[FFT[d(i; j)℄ � FFT[f(i; j)℄℄: (2)Therefore, in e�e
t, the CMP pro
ess is modeled by Eq. (2) as a low-pass �lter through whi
h the lo
alpattern density d not only 
ontributes to immediate but also short range ILD thi
kness within the weighingregion de�ned by the intera
tion distan
e of f . 2


