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Metal Filling Extremal-Density Window Analyses

. | O(k*) -time algorithm for k rectangles: R ——
* VLSImanufacturing steps (e.g., CMP) have varying » Theorem (Hanan analogue): there is extremal

affect on device and interconnect features wxw window with a corner at Hanan gridpoint  For each pivot rectangle R do:

 Find the density of wxw window W that abuts R on top and right

* While W intersects R do:
_ o o _ — slide W right untill intersection with next rectangle edge
« Density rules: minimize impact of variation on yield — record changes in density as you go
: . . » Repeat for R, this time sliding up
and improve predictability N  Repeat for all other orientations of W

« Uniformity achieved by post-processing via filling
l.e. Insertion of features:

.. . n .
— Partition layout into Wy Sauares of size wxw each

]
— Record all rectangles intersecting each wxw square & E> N

— Proceed as above ) "
: n W
1 = o — Expected runtime: O[(V—Vj +klogk+(7))

11 = o Speedup via fixed preprocessing:
- [

Y
-l = -I |
Given: Metal Fill Types

Find:

PrOblem FormUIathn » Inclusion-exclusion -based O(n*) -time algorithm: Wiring Layers

o Density <50%-60% if separation ~ row width
 O(k log k) -algorithm for filling

Given: a design rule-correct geometry with:
— k disjoint rectangles in nxn layout region

— a minimum feature size c “ H
— area density lower and upper bounds

L 1 [ S
I e Wires

— window size w <n - T .
— initialize boolean nxn array B with 0’s and 1°s S MeaEl
Goal: add fill geometries into layout while: — create Integer nxn array S[i, J] = # 1’s in B[1..1,1..]] __ -_-_- ———
— preserving circuit function & design rule-correctness - density ) Pl gw] - Sliw, )+ I [ I
— all wxw windows satisfy lower/upper density bounds
Basket Weaving

Fixed-Dissection Density Analysis| Multi-Level Density Analysis P pRter shoul 1ot consist o egulranid _ geometis

* |[dea: basket-weave pattern using modulo arithmetic:

 Any floating window within a fixed dissection is contained within a

. _ _ * bloated w(l+% ) X w¢+% ) window, and also contains a
Practical method: check / enforce density constraints + window of size -2 ) by w2 )
()n|y In Wxw windows of fixed dissection with wu tiles « Maximum area of floating windows is bounded by that of a bloated window.
rr
Fixed dissection window ————>|
@\ Floating window W
Shrunk fixed
I dissection window
Bloated fixed .
- dissection window Grounded Fill

o tile
rr
| - ]

Input: n x n layout, window size and accuracy
Output: maximum area density of w x w window

Theorem: If all fixed dissection wxw windows has density Accuracy = oo r=1

W w
between U and L, then any wxw window has density in the SurvivingTiles = all 7" tiles
1 1 1 1 while (Accuracy > desiredAccurac
range between L_(T_sz and U +(r——4r2) . ( y y)

Find maximum standard window area using surviving tiles (Max)
Wow Find maximum bloated window area using surviving tiles (BloatMax)
Theorem: If all fixed dissection 7, tiles have density Delete tiles that do not belong to any bloated window with area > Max

Accuracy = BloatMax / Max

between L and U then any wxw window has density in the o .
r = 2r // replace surviving tiles by 4 sub-tiles

ange between 5212 ot Loy 2o } Computational Results

r—1) 4(r-1) 1 4 1 Output maximum window area = (BloatMax + Max) / 2
~— U -——2max{ U -=,0}-—-max{ U — —,0}
and - >0t T

VLSI Layer Benchmarks

Benchmark | N=layout size | K= # rectangles | W= window size
L1 12,500 49,506 31,250
Linear Programming Approach to Computing Optimal Fill Amount o | | me | e
L3 11,120 133,201 28,000
il " _rh AN- Sweep-line .
* F”Img prObIem for a fixed r-dissection: \\‘l e g;’;’gcetfi’on Llnear Program Fixed-Dissection Density Analysis
— Given r-dissection with tiles of size ~~ | Senchmark | | Max Dersity | CPU Time
] L1 8 2170 9.2
— Given Area and Slack of each tile (T;;) . Maximize M subject to: 2 ‘ 1791 45
. . . . L3 4 2895 8.0
— The fill amount (P”) In each tile should SatISfy: b Contribution to . L3 8 2910 25 1
o) < P.. L S|ack(T..) — o total s = 1 Pi' >0 I,j — 1,.@,‘1 Multilevel Density Analysis
o j — J - | | J . nr Benchmark Acm;racy Maxztl)gzsity CPLé;ime
* 2 Py < max {UW 2-area(W),0} for all wxw windows | = Total itersectior | . P <Slack(T) 1)=1, .52 " o pre 28
AX I+r-1j+r= ) L2 2% .1830 6.9
_ o _ o o < > | Z ZPtSU'W _Area(vvi_) | :1 nr r +1 L2 3%: 1829 3.8
e Min variation formulation seeks to maximize the minimum Slack computation i ‘ =4, ¥ ; o &5
window density: Maximize ( min (Area(Tij) + I:)ij) ) iiljilp _— nr Fixed Dissection LP Fill Generation
;Zgaisatt;;?natlgd Slaclé " M S Area(\/\ll J) + arliey st I,J— 1, ey VV - r +1 Benchmark | r | LP Gggeleration LPC|SD?JIVE M cl::llDILIJ 'IC':CE}SI
Saved files have differen X per tile Tile | Sg‘bcells . L1 2 4.1 0.1 2192 3.3 7.6
.‘1\\/ariable&2 sizes: tt”eSWith mo_re_feaiure 1 constraint * / \ VVhere. i+r-1j+r-1 ti g 14693 108'.43 gigg giz% 37i.659
Constraints per tile area are more subdivided per ghrunk _ 7 Area(W ) _Z ZAreth) L2 2 2.2 0.1 .18&[)6 5.8 8.09
window a) S 2 . 1.7 |.1704| 5. 11.
W % J s=i t=] tz g 155.8 415 |.1631| 52 | 625
Multi LeveI_LP has_lvariable 1 constraint & / L3 2 5.2 0.1 2640 | 8.3 13.5
5 constraints & 2 constraints per tile, and per bloated /'- 7. L3 4 9.4 0.8 2606| 8.0 | 18.2
per window 2 constraints per window window = —T L3 8 27.2 244 |.2553| 8.1 | 59.7

Fixed-dissection LP i-
Multi-level LP Floating Deviation LP Hierarchical LP




	Page-1�

