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Studies on optimization method of chemical mechanical planarization

models using grid window refinement strategies

ZHANG Yu', LIU Jianzhong, LIU Biqiu
(Shanghai Huali Integrated Circuit Manufacturing Co., Ltd., Shanghai 201314, China)

Abstract: In very large-scale integrated (VLSI) circuit manufacturing, chemical mechanical planarization
(CMP) is essential for achieving global surface flatness across multilayer metal interconnects,
significantly influencing lithographic precision and electrical performance. This study focuses on the
optimization of CMP modeling, particularly for the accurate prediction of hotspot patterns with unique
geometries. Experimental comparisons with atomic force microscopy (AFM) measurements indicate that
conventional 20 pm grid windows are inadequate for capturing localized erosion defects. A refined
strategy employing 3 um grid windows with a 1.5 pm offset is introduced, markedly enhancing prediction
accuracy. This method not only identifies process-sensitive regions within the layout but also facilitates
the tracking of erosion-induced variations in metal thickness across higher metal layers. The findings
underscore the critical role of grid resolution and positioning in CMP modeling and offer a reliable

approach to improving chip yield and manufacturing reliability.
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Fig. 1 Surface topography of a 3 mm’ SRAM area on the chip
following the back-end Cu CMP process. (a) Schematic diagram
of the measurement field; (b) height map of the surface

topography
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Fig. 2 Microscopic morphology of the silicon wafer surface
after Cu CMP. (a) Definition of surface topography defect;
(b) TEM image of the back-end Cu process
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Fig. 3 Wafer acceptance shift case induced by erosion behaviour. (a) Schematic diagram of the OCD model; (b) - (c) schematic
diagrams of the OCD and R, test structures before and after process modification
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Fig. 4 Establishment and optimisation process of CMP model

AT FE B R O P 2 58 A T B8 S0k i B (141 4
bR iRy ) o e CMP AR R GW Y R
e H A B SR, (RS 5 AFM S S
T2, AT THEDORE BE o Zad B2 CMP KLY
R JE ER PESR T AR

013210-4



5K, S TR AT A AR M Y 1L S LI BB A AL 7 1 5

2 AR 2 A

2.1 GW RSI3HEMEIIGE RN
Kl 5 s T I AFM 5% 45 I = 4] CMP 4k #
Je b TR AR 2k, DL RO I 8 X3 i R e A
S, T 0 2% B0 DX S R 2 8 R X, T R ] T8 4%
S I A AT R TG 2 X3 (25 B X)), HL R B
FEM BRI A R RO AR A )2 . AT LA
THWOEL R, Z a0 X BT BEE R E,
R B A B X8I 24 25 nm,,
200

190

180F

Height/nm

170

160

150 -
8.00 8.10 8.20 8.30

Relative position/um

5 Gy SR AR I S LUK e ) DXl 4 it PB4 U8,
Fig. 5 Surface topography curve of silicon wafer and
corresponding layout information for the measured region
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Fig. 6 Comparison of simulated and measured surface
topography of the target pattern region for GW dimensions of
(a) 20 um and (b) 3-10 pum. The insets in (a) and (b) show the
schematic diagrams of corresponding GW dimensions
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Fig. 7 Comparison of simulated surface morphology results with
measured data for hotspot patterns. (a) Auxiliary patterns present
within open areas; (b) major lines with wider spacing observed
within open areas
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Fig. 9 Schematic diagrams of (a) no grid shift, (b) half-grid
shift, (c) one-third grid shift, and (d) one-quarter grid shift
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Fig. 11 Multi-layer topography simulation. (a) Erosion simulation
of hot spot areas M1 to M4; (b) height simulation of the M5 Cu
line in the hot spot area height simulation of M5 Cu line
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