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TRIG DI vs. NOF
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TRIG vs FDTD
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v7 TRIG, NOF=4.0, dz=3.7778nm: 163s

v7 TRIG, NOF=6.0, dz=3.7778nm: 193s

v/ FDTD, SG=4, dz=3.7778nm: 238s

v7 FDTD, SG=1, dz=3.7778nm: 11,300s (v6Tidx& > &£ELED
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DUV, with 45 degree lines

Some methods have difficulties with 45 degree lines.

A very nice test is to compare the aerial images produced by the following two
“checker board” patterns:

Case 0 Case 1
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e Because aerial images are rotated, it is wise to compare:
o max intensity
o min intensity
o CD across width of line
o CD corner-to-corner (low ILS here - so expect not a great match)

Aerial Image
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400.0
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300.0 40.75
212.3438 40.75
> 200.0 0.5
> 141.5625 0.5
100.0 0.25
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0.0 0.0
0.0 200.0 400.0 0.0 0.0
« 0.0 141.5625 283.125
X
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some details....

e NA=1.35,
e annular illumination (sig_in=0.7, sig_out=0.9), nsource_samples=200
(need a lot!)

Our standard “Att. PSM” mask technology (68nm n=2.343, k=0.5806)
Case 0 is larger than Case 1 (because unit cell has twice the area)
6-threads, Xeon E5-2650

v7 FDTD formulation, but Super-Grid factor=1 (no sub-gridding)
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High Accuracy Case

e dx=dy=0.625 (wafer unit),
e dz=68/36nm=1.8888nm (mask unit)
e TRIG: NOF=6.0 (Number of Orders Factor like RCWA)

Case 0 TRIG Case 1 TRIG Case 0 FDTD Case 1 FDTD

Max Intensity 0.8162 0.8149 0.8125 0.8105

Min Intensity 0.0356 0.0352 0.0356 0.0353

CD Across (nm) 179.67 180.00 180.07 180.52

CD Diagonal (nm) | 33.2 32.6 34.06 33.52

Time (s) 123 56 2500 1500
@o?-g;; 0.3 GB 0.15 GB 020 1GB 0.5 GB
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Medium Accuracy Case

dx=dy=0.625 (wafer unit) for TRIG

dz=68/18nm=3.7777nm (mask unit) (for TRIG and FDTD)

o
e dx=dy=1.25 (wafer unit) for FDTD
o
o

TRIG: NOF=4.0
Case 0 TRIG Case 1 TRIG Case 0 FDTD Case 1 FDTD
Max Intensity 0.8177 0.8128 0.8109 0.8046
Min Intensity 0.0354 0.0350 0.0351 0.0348
CD Across (nm) 179.52 179.94 180.28 182.03
CD Diagonal (nm) | 32.85 34.60 34.31 36.32
Time (s 43 20 210 92
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Low Accuracy

dx=dy=0.625 (wafer unit) for TRIG
dx=dy=2.5 (wafer unit) for FDTD

dz=68/9nm=7.5556nm (mask unit) (for TRIG and FDTD)
TRIG: NOF=2.0 (# of Orders factor like RCWA)

Case 0 TRIG Case 1 TRIG Case 0 FDTD Case 1 FDTD
Max Intensity 0.8239 0.8207 0.8035 0.7989
Min Intensity 0.0349 0.0343 0.0335 0.0332
CD Across (nm) 178.59 179.53 181.18 182.08
CD Diagonal (nm) | 30.29 31.05 35.27 35.48
Time (s) 8 4 14 6
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FDTD convergence vs. dx

Checkerboard Aerial Image CD
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Conclusions for checkerboard pattern:

e TRIG is faster than FDTD (>10X faster for high-accuracy case)
o FDTD SG=1 (sub-gridding not used)
e TRIG and FDTD agree well in the “High Accuracy” case
e TRIG and FDTD can handle the 45 degree edges well
e For FDTD - need dx=1nm (wafer) for reasonable FDTD accuracy (with
sub-gridding, you can use smaller dx for geometry)
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FDTD Super-Grid test

e Simulate a square feature, shift the feature in the x- and y-directions

e Fine (geometry) grid is dx=0.25nm, Coarse (FDTD) grid is dx=1.0nm
(wafer dimensions)

e dz=4nm (mask dimensions)

tern Lx 500.0 500 dx

O
@® 2D Pattern Ly 500.0 500

Aerial Image

Bossungs (for anchor)
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results....

e Sub-grid is working well
e Excellent linearity in the position
e CD stays nearly constant (as expected)

Measured Displacement Measured Width
x-displacement=black, y-displacement=red x-width (black), y-width (red)
1.4211E-14 0.2529 0.5057 0.7564 1.0093 99.9974 100.0061 100.041 100.0105 100.0105
1.0[ 10F
1.0071 1.0093 1.0071 1.0093 1.0093 100.0148 100.0105 100.0148 100.0105 100.0105
1.4211E-14 0.2529 0.5035 0.7564 1.0093 99.9974 100.0061 100.0366 100.0105 100.0105
0.75 | 0.75 |-
0.7564 0.7542 0.7564 0.7564 0.7564 100.0192 100.0148 100.0105 100.0105 100.0105
N 1.4211E-14 0.2507 0.5035 0.7564 1.0071 . 99.9974 100.0018 100.0366 100.0105 100.0148
£ o5l £ 05|
e c
0.5035 0.5035 0.5035 0.5035 0.5057 ! 100.0453 100.0366 100.0366 100.0366 100.041
1.4211E-14 0.2529 0.5035 0.7542 1.0093 99.9974 100.0061 100.0366 100.0148 100.0105
0.25 0.25 |
0.2507 0.2529 0.2507 0.2529 0.2529 100.0105 100.0061 100.0018 100.0061 100.0061
1.4211E-14 0.2507 0.5035 0.7564 1.0071 99.9974 100.0105 100.0453 100.0192 100.0148
0.0 0.0
0.0022 1.4211E-14 1.4211E-14 1.4211E-14 1.4211E-14 100.0018 99,9974 99.9974 99.9974 99.9974
00 oz 05 o5 1o 026 00 025 os 075 10
P‘ shiftx shiftx

Technology TRIG + TEMPESTpr2 Super-Grid: DUV Accuracy May 2014



New v7 features for DUV: TRIG,
FDTD+SuperGrid

Discussion...Conclusions....

TRIG is faster than FDTD (no SG) and RCWA for large 2D patterns

TRIG uses less memory than FDTD (no SG) for a similar accuracy setting
TRIG is capable of simulating large areas with fine edge placement precision.
FDTD with Super-Grid allows FDTD to scale well with shrinking cell size

FDTD and TRIG are capable of accurately modeling edges placed on 45 degree axes
also see: TRIG for EUV presentation
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https://docs.google.com/presentation/d/1Z_HK_OnBZA96XPcz_9ercnz6HOdEJqKPnuGJsfpcFqo/pub?start=false&loop=false&delayms=3000



