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- This thesis discusses prediction and mitigation methods of wire shape
variation. Wire shape variations have a large impact on chip performance and
yield, but they are found after manufacturing process. Once unacceptable wire
shape variation is detected from fabricated chips, process or chip layout
tunings are launched. Hence, this conventional countermeasure costs a huge
amount of time and money. In addition, this conventional countermeasure may
be applied iteratively in trial-and—error manner because the effect of
tunings cannot be estimated correctly before fabrication. In the worst case,
the iteration does not converge and acceptable shape cannot be obtained.

In nano—scale processes, copper interconnect is mainly adopted and formed
with damascene fabrication process. Wire shape variations of copper
interconnect consist of wire width variation and wire height variation.
Additionally, in recent advanced technologies, irregular open / short error
called Edge-over-Erosion error (EoE-error) occurs frequently. This error is
hardly predicted in conventional simulation models. The purpose of this
thesis is to predict wire shape variations accurately and to mitigate its
impact before manufacturing for improving yield and productivity. For this
purpose, the main causes of each variation need to be identified first. Then,
an accurate prediction model for each variation is constructed with analysis
of measurement data obtained from manufacturing process and chip layout
characteristics extracted from chip design data.

This thesis firstly presents a prediction model of wire width variation.
The main cause of unexpected wire width variations originates from etching
process. The analysis of measurement data and chip layout characteristics
reveals that wire width variation heavily depends on the chip layout even
distant from a wire of interest. From this fact and qualitative properties of
etching process, this thesis proposes a prediction model. This thesis also
proposes a wire width adjustment method that tunes the etching process on the
fly using the proposed prediction model. Experimental results show that the
proposed wire width adjustment method reduces the gap between target value
and real value by 68.9% in a test case.

This thesis secondly presents a mitigation method of wire height variation
with ECP (Electro—Chemical Plating) and CMP (Chemical Mechanical
Planarization) prediction models.ECP is a copper deposition process to fill
up wire trenches and CMP is a technique to remove redundant copper after ECP.
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In this thesis, three problems which the mitigation method faces for the
practical use are discussed: how to efficiently handle huge chip data,
insufficient accuracy of ECP model, and how to predict hard-to—detect errors
effectively. To solve these problems, this thesis develops an efficient data
extraction tool from GDSII data format. In addition, this tool extracts
necessary data quickly from the information on dummy fill modification
without updating GDSII file. Therefore, this tool can reduce large processing
cost of layout characteristics extraction and dummy fill modification. This
study then improves an ECP process prediction model. Although ECP process
strongly affects the final chip ‘surface topography, the accuracy of existing
ECP prediction model is not sufficient. The improved model can reduce the
error of initial copper shape by 51.1% - 68.2%. Based on these methods, an
effective hot—spot detection method considering die—to—die variations is
devised, where a hot-spot is defined as the point which may degrade timing or
manufacturing yield due to the wire height variations occurred in ECP and CMP
processes. Die—to-die variations have a great impact on final wire height
variations, but ECP and CMP prediction models cannot take care of die-to-die
variations directly. Thus, this work defines corner conditions of ECP and CMP
process variations, and finds the short-error in those corner conditions. By
performing the model-guided layout modification to eliminate these error,
wire height variations of chip surface is reduced by 84.4% and these short-—
errors are avoided before manufacturing.

.Finally, this thesis proposes an EoE-error prediction method in CMP process
with a novel multi—-level machine learning technique. EoE-errors occur at
copper removal stage of CMP process at which multiple materials are polished
simultaneously. The cause of this error is unexpected over-polishing with
more than ten times larger removal rate of copper than ordinary rate, which
leads to open errors. On the other hand, the mechanism of EoE-error
occurrence is complicated and is not understood well enough. Therefore, to
find parameters which affect EoE-error, data analysis is executed with error
measurement data of a test chip and its layout characteristics. An EoE—error
prediction model is constructed from these parameters using the proposed
multi-level machine learning method. Experimental results show that the
proposed method can predict EoE—errors with 89.6-89. 7% accuracy.

With utilizing these proposed methods, wire shape variations occurred in
manufacturing process can be estimated before fabrication, and the risk of
chip performance reduction and yield loss can be mitigated in design time.
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I. ERBESDODZORMD U LER

ITwF T ITREIERTAEBRESOFOERFECODLVTHERLTVS, Fy7ORET—F EBEL A1
7o NOFERIZED, B<HNRAZLIT7 U NOERBICEEESIAZEEMELTWS, IOMTKRIZET
#, BREZSDZFORABLVEFNEREL TN, E51, EREBEXSOZOREOOEEZAWTHE
IyFrJIEZHABL, REEBESDE2BRTIFEERREL TS, REFEEBA T &CL0, B
RIEOTNEGS.9%. EEDEEWINERTELZLEERMIZRLTWVS,
2. ERBmIHSDZORML D LER

ECP (Electro-Chemical Plating) & CMP (Chemical Mechanical Planarization)D B H D EF NI ET< BB H = &
BFEHREZRELTVS, ERRFFTFT—FOHENLZERDE L, ECPEFIOBESRE. 25U F v THIES
DEOERIZLD, LM77V MERLIERREISDZDEMEZERALLTVS, ERICLD, ECPEFN
DHEMNSLI%D 5682%RBL - ZL2HERL TWS, Fy 7HESDEDERIZLY,. CTNETRRTZZE
MTERP T a—FEOREARZTRELTHS, BEFHRZEMICLY. EHESIE 5D EF284.4%8IM
L, Ya—MBREHBHNCHOB ZEPHRD I E2HENIIRLTWS,
3. EoE (Edge-over-Erosion)i{ D Bi#d 0

HAEORRT DA TEHELL DDH SEEMMO LMD D FHEEREL T 5. BB T E R OME 2 CMP
TETHEL TWAS EEIIRETIN, TOREEGITHEBEIATHAL, 2RXTH. Fv7ORER
ROMFITL VB EHIRIIEEBEEZ DN A—FEHEL. BEPHEERBRICERTS Z &12L Y. BoEMRRE
DREZTHTLIRBOBDETNEZHBEL TS, RRICELD. RED 0ET N OHBEDN8.6%M 589.7% D E
ThH3TZEERL. BEFICEEREOREORBMLONTRETHDL I EERELTHS,

BEoLI, VISIIETRIZBIA2ESBRESDOEORMD O LERICET IHEIL. MARE oEX
TEEZNAVISIOHEEVM LI WS AIBWTHERICEATHS. BITRELHECAI X LBEHENT
WRVWRERIZDWTHRAEF —F2EHCBERLEREDOFERERRL TR, AR LITEHVLSIO W ESRS
FORFESTH2DOLHHBTES, o T, #lk (BHERP) OEMRXELTHEECSHZ DD ERD S,




