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Mechanical Property Evaluation of Electrodeposited Metals by Using Micro-Compression Test (?%/J\V%ﬁﬁﬁﬁ%ﬁﬁb \f:
BN B OB REMEREAT) & B U, AT B O BB R ERTA L2 Fcfd 72 0 R FER & A I AT T & 2 k%
R - JEHEL, BT o BT L » TREIN RIS H U CHAY RIS ST 5 N RR - HE D2
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Chapter 1 “General introduction”(f§ 5) TiL, > MBI OMUNMEGTMO B4R L, R CRET 2MUNE
HEeER A R K OREBRIE A LT 5 & BICARIIZED B &2 iR~ 7.
Chapter 2 “Mechanical properties of high pressure torsion processed ferrite” (FLEQA U VI I 7 =T A b O
ROREME) CTIE, ATREICBWTIRE L EMRBRIC RO TME, IEHOFMOAFRETH D L 2 FEIET 5720, &
JER U D ERE T TARIRFH O B2 2RI B I 2B 21T o 72, BT A mOfEIRIC 380 CEIFYFRE 23
R I, FEERROZMIIR ONRhoTcb oD, W—Fom EAR LN, ZHIEEE/ER HEZ L1
Ko THERD OF B 252N S NERAL O 722 DIEEN N E (T o 72 Z LIS L TR Y, ARRBRIEIC L - THER
FEEDFHMAFRETH D Z & 2 HKiE L 7=,
Chapter 3 “Mechanical properties of copper electrodeposited with supercritical CO, emulsion” ( G5 CO, =~/ =
U HAOCTEN SRS OBBAIMEE) T, BEER CO, =y a BN o XIEIC X o TIRES -6
DAL & R REE & OB EMEZ B L7z, ZOHFETHEONHEE T, |ETRFTIZLI2E-T
AP EIT T 2R E LEFBHE R L. OoXEFFEWVRELZFF>—F, BOMERE LEOMBIINEE
Do XM EFBLTEY, FU LSV ORE & BEIRAFREZ FFD 2 & 2 DI E AR R~ OIS AR IR TE 5
ZEERL.
Chapter 4 “Mechanical properties of nickel electrodeposited with supercritical CO, emulsion” (H 5 CO, =~ /L v 3 >
ERWTEN S = v 7 L OB EE) “C %, WIS = 7V OBBBREE 2T L, RIEEEOTE ) %
FALEE D Z LI KV A S kk 2 ZRIBRIC I W TR IE DS E D L 5 g B a2 D v idim L. 16Kk
20~10nm OFIEA HREBT 5 & S5 Wik —/bXy F 53 15MPa O Ui T F) CHRUE S 172 ki 8nm O #UEHT
WTHBESNT, 35GPa L LD EREAZFF->7-. Zhid, B CO,=~v/i g TOH - X ITRHWTIHATH
Lo RBRISUCRAT L, RATRDICLDEREAE L2 TH D Efbmd T 7.
Chapter 5 “Sample size effect of electrodeposited nickel with sub-10nm grain size” (10 &/ A — FVEL F Ok R EH T
DENT = T DY TN A ZHR) T, FEIRE AR 8nm D = /7wﬁ6%ﬁﬁ%4X@F%ﬁ%H%W
WL, F/RREMEHCRT VTV A X REFREL TS, B O A X3R5 H23-0.25 THH DI
ATT/F%T&%DQHS@%ﬁéﬂbt.*ﬁ,ﬁﬁﬁZ&?mﬁEMﬁ%ifLﬁb,%%ﬁﬁﬁ%f@%
R LT, ZOBGE, R/~ EL 73?%) ZETT I RERMEHC BT DR TR mAR 2D Z LicL b3
D OTENZMBERISENBREL 2D ZLICL o THIERZSND LT 7.
Chapter 6 “General conclusions” (f@%) “C I, BEEICBWTHONTREREE LD, KL OR#Hz Ik ~7-.
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The main purposes of the research for this thesis are to develop an accurate evaluation
method of mechanical properties suitable for the electrodeposited films. Electroplating is
important process to fabricate electronic devices such as micro-electro-mechanical system
and integrated circuit. Evaluations of the materials used in these devices as 3D components
should be conducted using micro-sized specimens. Square pillar fabrication method by FIB
milling using vertical irradiations with respect to the pillar loading direction was successfully
applied for preparation of non-tapered compression pillar.

Firstly, we demonstrate the testing method using high pressure torsion processed ferrite
which possess large strain gradient inside. The micro-compression test reveals site specific
mechanical properties of ultrafine grained ferrite with respect to the various strain amounts.
High strength and decreased uniform strain by stress relief due to the dynamic
recrystallization was observed as a proof of availability of the testing method.

Secondly, the testing method was applied for Cu and Ni films electrodeposited with
supercritical CO, emulsion. Cu was found to have self-annealing phenomenon which is the
recrystallization undergo at room temperature. High strength of as deposited Cu was
decreased after storage of 2 months accompanied by grain growth and large number of
annealing twins, which indicates the advantage on the IC technologies. Ni also shows
outstandingly high strengths of 3.5 GPa in maximum compressive stress. High strengths was
explained by the suppression of Hall-Petch effect owing to the incorporated carbon impurity
while carbon segregate on grain boundary and suppress grain boundary sliding.

Therdly, we discuss the sample size effect on the nanocrystalline Ni. Size dependent strength
was found in both single crystal and nanocrystalline Ni with an exponent of -0.25 and -0.125
respectively. Sample size effect for nanocrystalline Ni was concluded to because of the
decrease in the number of flat segments of grain boundaries for operation of grain boundary
sliding.
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