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Abstract

Many of the process steps used in semiconductor chip manufacturing require planar
(smooth) surfaces on the wafer to ensure correct pattern printing and generation of multi-
level interconnections in the chips during manufacturing. Chemical-mechanical
polishing/planarization (CMP) is the primary process used to achieve these surface
planarity requirements. Modeling of CMP processes allows users to detect and fix large
surface planarity variations (hotspots) in the layout prior to manufacturing. Fixing hotspots
before tape-out may significantly reduce turnaround time and the cost of manufacturing.
Creating an accurate CMP model that takes into account complicated chemical and
mechanical polishing mechanisms is challenging. Measured data analysis and extraction
of erosion and dishing data from profile linescans from test chips are important steps in
CMP model building. Measured linescans are often tilted and noisy, which makes the
extraction of erosion and dishing data more difficult. The development and implementation
of algorithms used to perform automated linescan analysis may significantly reduce CMP
model building time and improve the accuracy of the models. In this work, an automated
linescan analysis (ALSA) tool is presented that performs automated linescan delineation,
test pattern separation, and automatic extraction of erosion and dishing values from
linescan data.
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1. Introduction

Chemical-mechanical polishing/planarization (CMP) is a fundamental technique used in the
manufacturing of multi-level interconnect semiconductor chips and electronic devices [1-3].

The main role of the CMP process is to achieve the smooth surface topography vital for both
lithography requirements and the etch steps needed to construct multi-level interconnection wires,
high-k replacement metal gate transistors, 3D stacked chips, 3D NAND memory cells, etc. CMP
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is used to improve the planarity for both front-end-of-line (FEOL) layers like shallow trench
isolation (STI), and back-end-of-line (BEOL) layers like metal interconnect [2-4].

The number of components in semiconductor chips has approximately doubled every two
years over the past two decades, as predicted by Moore [5]. With chip manufacturing process
technology nodes scaling down, transistor sizes and spaces between them are continuously
shrinking, which enables more functionality per unit area. As a consequence, the complexity of
the fabrication process increases significantly, and extremely high degrees of uniformity are
required for a high production yield. For example, the invention of gate-last high-K metal gate
(HKMG) technology for the 45 nm technology node and below required the introduction of two
new CMP steps into the FEOL process: poly open polishing (POP) and aluminum replacement
metal gate (Al RMG) CMP [6]. Over-polishing and under-polishing of patterns, dishing of wide
trenches, and erosion of oxides can affect depth of focus requirements for lithography, and create
multi-layer stacking defects that lead to shorts between nearby trenches, among other issues.

Due to the complicated nature of chemical and mechanical processes that occur
simultaneously during CMP, different patterns on the chip respond to polishing differently, which
leads to surface profile height variations that affect the surface planarity. Using CMP models to
simulate the surface profiles of production designs after CMP enables the detection of these
possible CMP hotspots prior to manufacturing. During CMP modeling, the material removal rates
and post-CMP surface profiles are predicted using physics-based numerical models. Detection of
issues such as oxide erosion and metal lines dishing hotspots by simulation allows designers to fix
them prior to manufacturing, which may significantly reduce the chip manufacturing turnaround
time and cost. For this reason, CMP modeling is a crucial part of the design to manufacturing
(DFM) flow at fabs.

One of the most important steps in CMP modeling is the accurate extraction of measured
erosion and dishing data from surface profile linescans over a testchip. When performed manually,
this step requires a significant percentage of the overall time needed to build a CMP model.
Automation of both linescan analysis and the extraction of erosion and dishing values from
linescans may significantly speed up the CMP model building process and improve model
accuracy.

In this paper, an automated linescan analysis (ALSA) tool is presented that enables automated
delineation of linescans, separation of test patterns in long linescans, and automated extraction of
erosion and dishing values from linescans.

2. CMP Modeling

Creating an accurate CMP model that takes into account all of the complicated chemical and
mechanical mechanisms is challenging, since it includes modeling of both complicated polishing
processes and numerous deposition and etch processes, such as copper (Cu) electrochemical
deposition (ECD), chemical vapor deposition (CVD), high-density plasma (HDP) CVD, spin-on
dielectric (SOD), etc. [2-4].

The core concept behind CMP modeling is to extract geometric characteristics from the
semiconductor chip and predict post-polishing surface topography variation for each pattern
dependent on its position on the chip. For that, the full chip is first divided into windows of fixed
size. For each window, geometric characteristics of the pattern (like pattern density, width of
polygons, space between them, etc.) are extracted and used for CMP model input (Fig. 1).
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Fig 1. Geometry data extraction from a layout.

CMP modeling should not only simulate the surface profile after polishing, as determined by local
geometric characteristics, but also capture CMP long-range pattern interaction effects due to
pressure distribution within the die and wafer caused by pad bending and other similar effects.

3. Measurements Required for CMP Modeling and Line Scan Data

A key step in CMP model building is the calibration of CMP model parameters on specially
designed test chips. The measurement data (erosion, dishing, and thickness) from the testchip is
collected after polishing and deposition steps. An atomic force microscope (AFM) scanner or other
profiler tool is often used to obtain the line scans containing erosion and dishing data of the testchip
patterns (Fig. 2).
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Fig. 2. Erosion and dishing data from line scans.

To obtain oxide, nitride, or metal thickness values, transmission electron microscopy (TEM)
or scanning electron microscopy (SEM) cross-section images are used. The obtained measurement
data is then written to measured data table (MDT) files. Next, the process recipe file containing
layer stack information, deposited layers thicknesses, and CMP process conditions is created.
Using the MDT and recipe file, the CMP model parameters are calibrated (Fig. 3).
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Fig. 3. CMP model building flow.

The parameter values providing the lowest root mean square error of simulated vs. measured
data define the best model.

Measured erosion and dishing data are collected from specially designed test chips. The test
chip size and the number of structures should provide good coverage of the width, space,
perimeter, and pattern density values supported by the technology node. The CMP test chip usually
consists of periodically-placed array blocks of parallel trenches with different widths and spaces
between them. To get high-quality line scan data, the testchip should also contain dummy exclude
areas between array blocks. The line scan over a test pattern usually has the form shown in Fig. 2.
Here, a field region corresponding to either dummy fill or dummy fill exclude area is near an array
region consisting of parallel trenches. The field region is used to define the reference point for
erosion value detection for the array region. Meanwhile, the oscillations inside the array regions
correspond to oxide-to-metal transition heights that define dishing of metal lines with respect to
the neighboring oxide.

4. Line Scans Delineation

Extraction of measurement data from AFM or other linescans may be challenging, since the raw
linescan data is usually tilted and noisy. The ALSA tool was jointly developed by IIAP and Mentor
teams to accurately calculate the erosion and dishing values from linescans. In the first step, special
noise reduction filters are used to reduce the noise level and remove outliers from the linescans.
The tool then delineates the linescan, using specially designed algorithms based on delineation
angle calculations (Fig. 4).
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Fig. 4. Linescans (a) before and (c) after delineation. (b) Adjustment line for linescan delineation.
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When the line scan data is collected over several array regions, an automated method is required
to separate field and array regions into different patterns for local erosion and dishing calculations.
Using signal analysis methods, a special algorithm was developed to analyze the signal transition
points of the delineated linescan and use these points to separate field and array regions. When
using this algorithm, a long linescan containing multiple test patterns is divided into separate test
patterns, with their array and field regions based on the transition points. For each test pattern, the
array and field regions are detected and separated for erosion and dishing calculations (Fig. 5).
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Fig. 5. Linescan with separated array blocks.

After the field and array regions of a test pattern are obtained, special algorithms were developed
for erosion and dishing calculations. The algorithms are based on a projection histogram method
that is applied to erosion and dishing data points from the delineated line scan. The distances
between the projection histograms’ maximums are used for erosion and dishing calculation. The
distance between the first two local peaks from the top to the bottom of the array histogram is
considered the dishing value. Meanwhile, the distance between the peak of the field and top peak
of the array projection histograms defines the erosion value (Fig. 6).
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Fig. 6. Calculation of erosion and dishing values of a test pattern with field and array regions.

S. The ALSA Tool GUI

The ALSA tool automates all the steps mentioned in the previous paragraph. The ALSA GUI
prototype, which is shown in Fig. 7, also allows modelers to perform manual corrections of
delineation, erosion, and dishing values tuning, as needed.
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Fig. 7. ALSA tool GUI prototype.

The delineation angle and other settings used for erosion and dishing calculations can be exported
into a configuration file with the “.alsa” extension. The saved configuration can then be retrieved
from the file and displayed in the ALSA GUI. Fig. 8 shows examples of erosion and dishing
calculations for different line scans using the ALSA tool.
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Fig. 8. Examples of ALSA tool applications to different line scans.

6. Conclusion

Manual extraction of the measured erosion and dishing data from surface profile linescans for
CMP model building is a complicated and time-consuming process. Due to the tilt of linescans,
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and the noise in linescans, manual extraction of erosion and dishing values may lead to data errors.
In this paper, we presented a new ASLA tool for automated delineation, noise reduction, test
pattern separation, and extraction of erosion and dishing data for test patterns. The ASLA tool
automates the extraction of test chip data to both simplify the process and improve the quality of
the measurements that are critical in building high quality CMP models.
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Ghuwhwnnpnsughtt shytph wpuwngpnipju pupwugpnid wwwnlbpubkph &hown
wpnuyunlbipdwt b puquuotpn juybph wpuungpnipjut hwdwp wptpudton &
1hund wwwhnybk) hwuppe dwlbkpunypubph wnuynipnit (yjwbwpnipini): Lhuhw-
Ukpwuhljulwut wjmbtwphqughwi/thukgnudp (RUM) dwljplinypubpp hwpphgubing
hhdttwwtu Jbpnnu Lk LUMN-h dnphjuynpnudp pny;p b wwjhu hudbubpubpht
huyntwptpt] b onljt; shybph dwlbpnyph wthwppmput ntdtlnubpp (phd
Ytwntkpp) twhipwt wpunwnpnipyut ypngtuh uubip: 2Qhytph twpwgsdwt thnynud
phkd Jhnbkph onlnidp Jupnn E qquihnpbt tjuqbgt] twpwgdsdwt b wpnwunpnipyut
dudwbtwlp b Swhubpp: Npuljju LUMN dnpkih junnigniudp, npnud hwpdh B wngnid
puny phthwlut b Jbwthjuut thwjjkgdut dkjpwuhquutpp, paduljutht nddup
huughp Lt LUMN-h dnphjuynpdwt jupbnp pununphsubphg b hwnnly twhiugdyws
ptunnughtt shytph dwltplnyph gdwyhtt ujwtwynpdwt ndjujubph JEpndnipniun,
dwutujunpuwbu kpnghugh b dbnwnh wiljdwh wpdbplibph npnponudp: Zw&wju
shytph dwlitplnyph géuyhtt ujubwynpdus ndjujubptt niukt pupn junnigduspl
wupnibwlnud &b wnunily, hyybu twb nitbund B hnphgnuh tuundwdp wnwupptp
wunhdwbh phpnipjniutbp, husp ndyupugunud b Epnghuwgh b dbnwnh wuljdwi
wipdtputiph npnonudp: Fduyhtt vjwbwynpdws wdyuitph  Jhpmnisnipjut hwdwp
oquuuugnpdynn wiqnphpdubph dowlnidp b oginuugnpénidp jupnn b buytu widuqbtgty
LU udnpkjubph junnigdw dwdwbwlp b pupbjuyt] dnnbjubph donnipniup: Uju
whpwnwipnid ukpjuyugdus k géwyhtt ujwtwynpyws ndyutiph wunndwnwugyus
Jtpisnipjutt dSpwughp (ALSA-Automated Line Scan Analysis), npti hpuwjwbwgunud E
géwyhtt uwuwynpyws wfjuyubtph phpnippittbph nipjugénud, nuowmuwghtt b
quuquéuyhtt dwubph wnwpwbywnnid, htsywbu twl wjundwnwugjus Yhpuyny
npnonid £ Epnghuygh b dbtnwnh wujdwb wpdtpubpp:

Putwh  punkp Lhldhw-dbpwthjulut  ywbwphqughw,  qduyht
ujubtwynpyws nmyjujubph yEpnisnipinil, tpnghwyh b dknwnh wadwb wpdtpubtph
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AHHOTALUSA

MHorue 3Tanbl TPOU3BOICTBA TONYIIPOBOJIHUKOBBIX YHIIOB TPEOYIOT HAIUYHUS TUIOCKHX
(TmamkuWx) TIOBEPXHOCTEH Jisi OOCCTeYeHMs TMPaBWIBHON TieyaTh Ju3aiiHa W CO3JaHus
MHOTOYPOBHEBBIX MEKCOETMHEHUI B MUKpOocXeMaX. XUMHKO-MeXaHn4yeckas moauposka (XMII)
- 3TO OCHOBHOW MpoLEcC, UCHOIb3yeMblI B NMPOU3BOJCTBE AJS JOCTHXEHUS TpeOOBaHUM MO
MIagKoCTH MOBEpXHOCTU. MogenupoBanue mporeccoB XMII no3BoisieT Moab30BaTENSIM
HaXOAMTb U UCTIPABIISATh KPYIHBIE IIEPOXOBATOCTH OBEPXHOCTH (TOPAYUE TOUKH) B KOMIIOHOBKE
JI0 IIPOU3BOACTBA. Y CTpaHEHUE rOpAYMX TOUEK A0 IPOU3BOACTBA MOKET 3HAUUTEIIHLHO COKPATUTh
BpEMs BBINOJIHEHHUS paboT U CTOMMOCTh IpousBoacTBa. Co3nanue kauecTBeHHON Moaenn XMII,
YUUTBIBAIOIIEH CJIOXKHBIE XMMHUYECKHE M MEXAaHMUECKHE MEXAaHHU3MBI IIOJIMPOBKH, SBISIETCS
CJIOKHOM 3ajaueil. AHaJIN3 U3MEPEHHBIX JaHHbBIX U M3BJICUEHUE JaHHBIX 00 3pO3UM U BIAJUH Ha
CKaHMPOBAHHBIX 00pa3lax TECTOBBIX YMIIOB SIBIAIOTCS BAXKHBIMU ATAllaMy MOCTPOEHUS] MOJENN
XMII. H3mepeHHbIE CKaHMpPOBAaHHBIE JAHHBIE YacTO COAEPX AT IIyM W HMEIOT HAKJIOH
OTHOCHTEIIFHO TOPH30HTAJM, YTO 3aTPyIHSIET H3BJICUCHHE [aHHBIX 00 ApPO3MHM W BIAIWH.
PazpaboTka u peanmzaisi aIrOpUTMOB, UCIIOIB3YEMBIX JUIS BHIITOJHEHNS aBTOMaTH3HPOBAHHOTO
aHaJIN3a CKAaHUPOBAaHHBIX JaHHBIX, MOXKET 3HAYUTEIbHO COKpaTUTh BpeMs cosgaHus XMII
MoJenell M TOBBICUTH MX TOYHOCTh. B 1aHHONW paboTe mpeiacTaBieHa MporpaMma
aBTOMATH3MPOBAHHOTO aHajiM3a CKaHUpoBaHHBIX JaHHBIX (ALSA - Automated Line Scan
Analysis), KoTOpas BBINOJHSET AaBTOMATUYECKYI0 KOPPEKLHMIO HAKJIOHAa JIMHEHHBIX
CKaHMPOBAHHBIX JAHHBIX, OMpPEAEISICT T'PAaHHUIBl TECTOBBIX CTPYKTYp, BBIACICHHE MOJEBBIX U
MaTpPUUHBIX 00JacTel, U ABTOMATUYECKUHN pacuéT IpO3UH U BIAJUH.

KiroueBrnie cJ1oBa: XHUMHKO-MEXaHU4IeCKast IMOJIMPOBKaA, aHaJInu3 JIMHEHHBIX
CKaHUPOBAHHBIX JAaHHBIX, paCUCT 9PpO3HHU U BIIAJWH.



