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AR TIEERD > X IZBT D2 BMEHFE O D OWMAIDOET VFREFIEZFIE Lz, KO HIZT ) =
VESEEM (Through silicon via: TSV) HUBEIZHIT A > X TRROBREC~CAE 2HHATHZ L THA. &
MEOE—DEBRIERNDHEE T HEDO 7L —L T = O¥ETHDH. AETHE L7 L —ATU— 2713
BRAL R E LR, SR LORINFET L, £ L TEFAREFREICL VR EIND. PEC %28 Loiiiad
IKIRIEINZBIT 8D > IR LCHB L7 L —2 U — 7 ZRFELZ. UTCIEBEELEZ7L—AU—7 2o
TG 2k~ 5.

WoECAE 7L —AU—27 OBR%. BED > & TRE~D CAE O@EMIZ oA THARY. ZOHERE LT,
EEOTRICB T DD EHERTHICMASNTELY, FREREZRLZL GLEOERZECTELNZMA
EEOEFHEHTEX WD THDL LB X, Z 2 TR TIIEXEIZBIT 20> X TRIZOWT—HD CAE 7
L—AU—J %% L. 7L — AU —7 OERERERITIESILFEREER, oW R L OWmngEs L,
BLOETNVERIETIEOZONE735.

R BESACFREEBORFE. Do TRTHEMAIND O > B L ORNMANIXZEZETHY, £hE
MO WTETLVRENLETHD. £ T, BERTL2ESLFENEEBIZTT VEED D OBWP T — & %2
RNCEFT A EEHNE Lz, B% LERILFEREERE L7 v —B /LN ORBHE B X OV R 2 S
BASHDZENTES. ZOHEICLY Do XBROEN, BE, I OVEHOKTMZ2RICFHET 5 Z
ENRTEAS.

LW RS X OSINAIE T L OBIFE. 1ERIFSE TIXE T VRN O EHCBEIIMEL 22 A0 1 A 7
—VOBEBRNOHEI N TV, 20X RETVTET AROFIEIEIMELS, EBRFBEROE RN H I
MNEN, DoXBRET T v IRy IV AETMIEIVRIAL, ET VKT ORMNT XA —F BB T — 5 5[
ELE. 799 7Ry I AETFTAERATAHAZ LTIV ETANRTIA—ZOBNBRELIEML, EHEE0OEE
R 7R FEERME A S L 7=,

ETOVRETFEORI. BXALAETICE T v — VNE L OEB EOREIIRZEMOICENT S, TV
B D= DI G U % B - CREZERIR R BB L OB IREEOSHNLE L 2 50, BT — & 05 E#E
WCEND DA D Z LI TE R, AL CIIEE R 288 A L 72 i FikIC L0 B - CTREZERHI 22 iR
FE RS L OVEE I BE D43 AR & 53 5 & [RIRFZ 7V IRE & FE40E L7z,

B L7-7 L— AT — 7 ORRFIE. PEG % & TSR IFIRIZRB T 280D > I LT L7 L—2 U —7 %
WRAE L 72, BRFESHAKIAIKIZ T D8 - & O B2 REIZ DWW THIE, BALIZ DWW TR 2B LY
FKHL, BEANORT A—ZEZRFE LIEZETNVEREFECLVRIELE. &b, RENRY Ly —ThHD
PEG ZxtB & LC, PEG OWAER L OWHEIZ W TS L OB A RIEOE T VREFEC LV FE L. [H
ELEETFAEZBRNT —&Z L3N R REET — 2 2 W THEE L. BEERERIZT—ED 7 L— AU — 7 BNEFIC
BERET D Z LB R LTS,

UEDTZ V=AU —7Z0WTET U V7 FEOBED LR E RS, AR TIE Y a—k L IN{EHERE
NOWRER 2 BEAHREIC L ViEE, B EOERLETHDLD > TPFHEBL O PEC OREET AV ERIET H. T
THAREICEEFHEEZRAT 52 LIc LY, EMEROBIG ARV N L TCEDOETNERET HI ENTE S,
T DL I L TE LT T M EIES L OER GO B2 EHIC W TR EEE RS, Lo T,
70—tV ERIZEVFEEBLIUORIEENT-ET A ETRICHATAZ ENAETH S.
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In this study, we developed a model identification method of additive reaction for numerical simulation in electroplating. The
purpose of this study is to apply Computer-Aided Engineering (CAE) to design and development of the plating process for
manufacturing through silicon via (TSV). The contribution of this study is the development of a framework from experiment
to simulation. The framework consists of an electrochemical measurement device, models of polarization characteristics and
additive reaction, and a method of model identification. The framework was verified for copper electroplating in copper
sulfate solution containing Polyethylene Glycol (PEG).

Various plating solutions and additives are used in the plating process. Numerical models are required for each solution and
additive. The electrochemical measurement device developed in this study allows efficient measurement of observation data
for the model identification. The developed device can continuously change the sample concentration and flow rate in the
flow cell. This method can efficiently evaluate the effect of potential, concentration, and flow velocity on electrochemical
phenomena.

In previous studies, constants and functions in numerical models were estimated from physical knowledge and observation at
a molecular scale. The models have low flexibility and insufficient quantitative reproducibility of experimental results. In this
study, the plating phenomena are represented by a grey-box model, and unknown parameters in the model are identified from
the observed data. The grey-box model greatly increased flexibility and improves the quantitative reproducibility of
experimental results.

During electrochemical measurement, states in a flow cell and on an electrode change spatiotemporally. The model
identification needs spatiotemporal distributions of concentration and current density on an electrode. However, the
distributions cannot be known directly from the observed data. In this study, the distributions are evaluated by an inverse
analysis method with numerical simulation, and the numerical model is identified from the observation data.

The framework was verified for copper electroplating in copper sulfate solution containing PEG. Polarization characteristics
of copper plating are expressed by a linear function for con- centration and a piecewise-line function for potential, and
parameters in the function were identified by the developed model identification method. Constants and functions for PEG
ad- sorption and desorption are identified by the same model identification method. The identified models are verified with
verification data independent of the observation data. The verification results show that the framework works effectively.
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