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ek, o3 o} Ezhe A ] 1)

: Sol, °F 65% Ga, 30% Cu B 5% Ni =9 &3 500C oFolA &FHARt
(], ¢F 25C E& ¢F 30C)dAM = Al E£FE2HH ustdrt. ol ofdtd, & &9 V= &
#]5,053,195% % 31 ["Amalgams for Improved Electronics Interconnection", IEEE Micro, pp. 46-58,
199314l 7]==ol glon A7 53 2 d AAE EE 545 3 2o Fx=E Q&3

[*]

O rlo ox mE B
Hodt o wg
nal?
2
Ll

4 glo] ¢ds] A 717tA] WHo]l A & vk, = 12, ZF obE7H(5% Ni, 30%
Cwel digk st 5985 =gk, 28y, & 14 EA" A fARE A3t d3E 2ke Z4F okdde A
FHow ¢ um WA FA um WY A g A= < AHEsEdnh. obdzke] TEQl(grain) A
AE et AA 55 XY HwF wE gilo] EAgitte SV SRHAAT(AH Y, [T, Okabe and
R.J. Mitchell, "Setting Reactions In Dental Amalgam Part 2. The Kinetics Of Amalgamation", Critical
Reviews of Oral and Biological Medicine, vol. 7, pp. 23-35]1), ¥ Z& 4A7} g #d3 £S5 ofr|gt
Adol AFHAT (oA, TA[A. B. Shubin, et al. "The Diffusion of Gallium into Copper-Tin Alloy
Particles", Defect and Diffusion Forum Vols. 283-286 (2009) pp 238-242]). o]&3t ¢ %2 JA=, ol
gk opdzt AT ATF A E S AR A e opdzt AlxV] HERFYH Uy ey dgEo] £3Eo] 4
stE] A sk Aol QlojA FHFol olH7] witel AMEEA e¥sks 4 ATt

gl
i
Zh=

(o

x7] AstE BASA pm VR YA(AE B, vx=arl 4R AHEE F&3h7] 98, EHE
AN, JAELS 23 EF7] T EAMjetting) FX oA E23E 4 o, 2SSy BE =Z®Y)(49
Ad, v= 7&F 4y AAe Ax-d I ¥ o] (Sono-tek Corporation)oll Al A|Zg FZH7])olA, A FF
du7t 39 Ao 257 570 o deolz2ER HIHrt. T 2&, W= 53 A6,358,567% 0 =olH
vhel Ze B AL B 38 AX (S, 2F7DE BAE, A7) 58 dAAE B 545 ) 2 #
a2 Q1&g AV AR, HA HEWEFH 23T HET(6) (ol AA e IEE& oo ry,
T AAE ZA(AdE Eol, um HRE A7) HAH 9] ooj2ER Tste], s o] wiXE 7]¥(8) ol
THHES st o AR BEEHE AA2)E 2. oY 9A 739 delEE EFE AlxsH
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EAAY, SHY dAstAY dAAo=2 dXste], 7] dgo] APA o)A d vl&f &4 of7lste
AE dstetAY FA gt

g2l AAGE A, A CIE obdide] A&, EE HAA|FE oA, ofE (& £, A CIE ofEhH2 WE
g2 54 9 et 258 2@, 29 AAGEHl A, o (dE Eol, A CIE g7 A CIE &4
S F7EE Esksitt. 29 AAFE A, ofu(dE B, A CIE obd7)S 40 5%, 45 %%, 50 5%,
55 =%, 60 SH%, 65 TF%D, 70 THDb, 75 TF%, 80 TH%h, 85 THD, 90 TH%, 92 THP T 95 T HD;
T oF 40 TH%, 45 %, 50 TH%, 55 =%, 60 FF%, 65 TH%, 70 TH%, 75 TH%, 80 TH%, 85 T
G, 90 %, 92 % L= 05 S, E HolE 40 2%, 45 FF%, 50 =%, 55 =%, 60 =%, 65

TH%, 70 =Z%, 75 TH%, 80 TF%, 85 TH%, 90 FF%, 92 THY £E 95 THY FEr HoAk oF 40 T
%, 45 =%, 50 FH%, 55 TF%, 60 TF%, 65 TH%, 70 FTH%, 75 TF%, 80 TF%, 85 TF%, 90 FH%,
92 T =T 95 TF% =T olE Alole] #EC] doje] Wele 4o wmEZA G455 et HY AN
FEl A, 7] EH A F5E Gas et 2R AAGHAA, 47 dest 55 Cu, Ni, Ag, Ce ¥

Eﬁoﬂ/ﬂ, /E)]‘7 Z1 CTE %;é]% ZI‘W;}Og, HfWgOS 1;%/5‘:‘.% SCQWgOlgil?‘Ei

olEe zIERRE Meldct, WA AA
g} ww ARG A, A CIE ofuzre Zr7pdel A (IE BAS 7w ¥dret wm
NFejo A, F=71891 A CTE 22L Si0,, SiN,, Al0;, Si, ©]59 H]-3tstakzs vd, U o]59 2=

WE T
>,
>
o
9,
2
-
2
(ep}
H
(e5]
(o3
9,
o
1=}
o
o
2
i‘r‘
2
i
il
2
oo
=2

o
O

A G A, o E (e, Ga oFE3F) ] CTEE ¢F 15 WA] 20 ppm/Col™, opEzre] 54 Z/dol uweat
Z oA, o W& CIE o] wigtaed 4 vk, CIEZF 0ol wi%- 23 8t(5, Sik
P2 AeoeE 59 @l 22 E4do] EAgtt. oE Eol, A#7HSi0,)9 CIEE °F 0.5
g , o A@Ast obure] THES CIRE HAE ol o A
= T Atk EFE9 ClEv dubd oz #jd AEEY A¥7te Bod Ags] a3t &A%, 399
A Az A= 283 CTE o] #Al= &3] A3 Ev digh A3y 7P, 29 AAIGEo A, 7]
ofZ7+2 25 ppm/C, -20 ppm/C, -19 ppm/C, -18 ppm/C, -17 ppm/C, -16 ppm/C, -15 ppm/C, -14
ppm/C, =13 ppm/C, -12 ppm/C, -11 ppm/C, -10 ppm/C, - 9 ppm/C, -8 ppm/C, -7 ppm/C, -6 ppm/TC,
=5 ppm/C, -4 ppm/C, -3 ppm/C, -2 ppm/C, -1 ppm/C, -0.75 ppm/C, -0.5 ppm/C, -0.25 ppm/T, -0.1
ppm/C, O ppm/C, 0.1 ppm/C, 0.25 ppm/C, 0.5 ppm/C, 0.75 ppm/C, 1 ppm/C, 1.5 ppm/C, 2 ppm/TC,
2.5 ppm/C, 3 ppm/TC, 4 ppm/C, 5 ppm/C, 6 ppm/C, 7 ppm/T, 8 ppm/C, 9 ppm/C, 10 ppm/TC, 11
ppm/C, 12 ppm/C, 13 ppm/C, 14 ppm/C, 15 ppm/C, 16 ppm/C, 17 ppm/C, 18 ppm/C, 19 ppm/TC, 20
ppm/C B+ 25 ppm/C; E=+& ¢F -25 ppm/C, -20 ppm/C, -19 ppm/C, -18 ppm/C, -17 ppm/C, -16 ppm/TC,
=15 ppm/C, -14 ppm/C, -13 ppm/C, -12 ppm/C, -11 ppm/C, -10 ppm/C, - 9 ppm/C, -8 ppm/C, -7 ppm/
T, -6 ppm/C, -5 ppm/C, -4 ppm/C, -3 ppm/C, -2 ppm/C, -1 ppm/C, -0.75 ppm/C, -0.5 ppm/C, -0.25
ppm/C, 0.1 ppm/C, O ppm/C, 0.1 ppm/C, 0.25 ppm/C, 0.5 ppm/C, 0.75 ppm/C, 1 ppm/C, 1.5 ppm/TC,
2 ppm/C, 2.5 ppm/C, 3 ppm/C, 4 ppm/C, 5 ppm/C, 6 ppm/C, 7 ppm/C, 8 ppm/C, 9 ppm/C, 10 ppm/TC,
11 ppm/C, 12 ppm/C, 13 ppm/C, 14 ppm/C, 15 ppm/C, 16 ppm/C, 17 ppm/C, 18 ppm/C, 19 ppm/TC, 20
ppm/C B 25 ppm/ T = o]E Atele] ghEe el ®elel CIEE 7Hxint.

Lo CTEY slvte] o= ¢F 7.2 ppm/TCTolA ZrW.0s0l ol&l A|z-Hct. &9 CIEE zte= B2 ke CTEE 2

=)
I
=
WE
WE

>
>,
o
=
2
>
2
i)
%
s
o

o

= =49 E£3tEo], ugAsHA &2 $EHS AESA & 2719 /M siES CIE Akl =#k(net value)
< 7HA7] f1eiA e, sbEe dA7T Jhee §F Folof (A A, Yedx) . ZrW0s U=dATE T
(oS 5], EH[H. Wu, "Physical and Thermal Properties of Zirconium Tungstate Nanoparticles with

=1]

Different Morphologies from Hydrothermal Synthesis", MS thesis, lowa State University, 2012]; % &
["Optical and Dielectric studies in zirconium(IV) tungstate nanoparticles prepared by chemical co-
precipitation method", J. Iranian Chem. Res. 5 (2) (2012) 109-118] #=).

nlol AR 328 d¥ld = SoRA FESHAl HY] feiMs, HA ofEdt =Xl wieAsAlE, B2 HE
dEO o8 &&5= 2xolA a3 nAE ddsoF duk. Zri0s 1000T Z3e) 2molA Ld¥EzR,

gEos S BE Us BEd @ At ol H8Hod @2 &t oldw A

rr
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AAZ, v 53 A6,132,676%0 7= vk} o], A CTE 4 T+ A2 CTE 240 ¥
AFEEE AL WElesith. 2EY, Ga obdz AAle] HAET ko W0 stz W 2ol ¢he
3

H
(& Sof, W7Igh, 2 150T wlgk =& 100CT wlwke] SE)ME ¢ uAE AT 5 k. opuz =
@ 3

KR
=
oz A7b & . BAR A9 T

Akl 229 20,0 A dREE 4¥4 24 e g
Kennedy, et al., in Solid State Communications vol. 134, pp 271-276 (2005)]°] w2, A7) B4 4 A
TEESiY A4S 149 Wm-K 2 Cuol A9 401 Wm - Ko BlaLdke], oF 1 W/m-K ot}. zeju}, opdzh(dd
9, Ga obEih) S, 54 A wet, MEHE 45047, Ga) 959 4 AEE(Gad] FF 40.6 Wm-K)E
ot AR T d AREE JFE 4 9. EHX. Li, et al., "High-pressure and high-temperature
synthesis and study of the thermal properties of ZrW.0s/Cu composites"; Physica B: Physics of Condensed
Matter, vol. 487, pp. 27-41 (2016))°1AE, 3 GPa® FEHaL o]oJA 500CE 7FE9 ZrW0:8F Cudl £F&
(1:1 F9)& A1&3te], Ga ofEzre] 49 165 Wm- K9 € AELE =58 4 Ay, webA], opgk (o
0, Ga ol27)E AEFeRN o875 HG AWF AW JHE Agew, WEgre] ad] e CIE
o d ArL BFE Al 4 ok, 2 AASEOlA, Ga oFEHE Ga-M B 29 CIE Z2-(dE B9,
Iri0s) & X&3s, o7]A "N" s o] w4 YAE yERdt. 2 AASEAA, M2 Cu, Ni, Ag,
Ce % o]59 2FEEHYH dedrt. 22 HAAGEHANA, &9 CTE 542 ZrW.0s, HiW.05 R/%E Scol0p2
B Ao, 29 AAGHA A, Ga ol A CIE EZS F7I2 23ttt 22 AA|SeH A, 47 A

CTE &4 Si0:, SisNy, Al0;, Si, ©o]E9 HIgIsIFEAY W, 2 o5 XFEZFEH A8,

+r

EH 2~ F&H(E 59, Ga)S Rt o=m v e A4 Fa& FAAY, HEHA g5 T8 B
E 929 ERYAE 2 5 ATk, o 5o, GaolA 9] Sio] S oF 10 X%l BE A Ao
A, BAse 71AA BAS 8, Aold uAdl A E(nicrocrystallites) AFole] AAAL 7bsdk g Zsfof
goh. 2E A9, EY A S5, Ga)] el ASE(AAY, ZrW0) e 2 g At AFES 3
AatA &E g ok, ey, 92 T S o] 83t olF IWFo RN, YndAEe] AR FaS FAS
71el T F&Aol Hig e ¢ dow, olx vt g&3 4bA Atole] B4 Ajbs dAste Wl 58 £
Z)<zolty, @AW AA e A, A7) WlEEA F45E 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40

nm, 50 nm, 60 nm, 70 nm, 80 nm, 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700
nm, 800 nm, 900 nm T=X 1000 nm; == 2F 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm,
60 nm, 70 nm, 80 nm, 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm,
900 nm T+ 1000 nm; =+ FHW 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70
nm, 80 nm, 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm X+
1000 nm; T== FHd) 2k 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80
nm, 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm T+ 1000
me] D50 YA A7) Es ols Ateld @t dele] Wl o Ao A A EE vRId. H
= AASE A, A7) &3 F45S 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60
nm, 70 nm, 80 nm, 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900
nm H=E 1000 nm; B=E °F 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm,
80 nm, 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm T+
1000 nm; =+ HY 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm,
100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm HE+ 1000 nm;
= Hd ¢ 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 100
nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm =+ 1000 nm®] D50
Bt QA A7) e olg Abole] e oo WSfel os) AFold dA AV EEE v, 29 AAE
oA, 7] A CTE 22 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm,
80 nm, 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm T+
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[0045]

[0046]
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1000 nm; %= 9F 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm,
100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm =+ 1000 nm;
= HY 5 om, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 100 nm,
150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm =3 1000 nm; == H U
°F 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 100 nm, 150 nm,
200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm =+ 1000 nm® D50 H UA =
715 = ol Atele] gtEel ool ®iffel os Aeold dA Ar] xS v, HY AAFEAA, F7F
Aol A CTE &2 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm,
100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm =+ 1000 nm;
L= °F 5 nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 100 nm, 150
nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm X3+ 1000 nm; H=¥x= H ) 5
nm, 10 nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 100 nm, 150 nm, 200
nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm ¥+= 1000 nm; =+ FH ) <F 5 nm, 10
nm, 15 nm, 20 nm, 25 nm, 30 nm, 35 nm, 40 nm, 50 nm, 60 nm, 70 nm, 80 nm, 100 nm, 150 nm, 200 nm, 250
nm, 300 nm, 400 nm, 500 nm, 600 nm, 700 nm, 800 nm, 900 nm %3+ 1000 nm®] D50 H+ YA I7]; B ol
Abele] gHEe] leole] Welel s Aojd A Ar] HEE AT HWRE AAIGE A, 7] obEie At

o] gF-nE A A7) BIE ZIIT).

PR AAFE A, G &7 55 T2 e, Ax T HFCALDM) O &, A (dE Eol, 4 43
< B 7)1 dig Ak HAES Agste] HAE k. olglgh Ao R Ga e WS AE&Ad Al
Alg F39 Uxegdte] 3de g AFE ¢ oA, FHHor o Ag Aol FHE ¢ k. dE
Eo], Cue ALD-F&E Ga T4 =& &S Ze FHoARE, oE &9 W, Pt, Co, Fe, Ag ¥ NiE H]ZEg
e #55 3AH vk, fE5 T UlsdAdd, v FRHEF BFEE A9 doldr] Un&EFAA
(ALD Nanosolutions)ellAl Asid)E& AR&ato], olejsh THE YqiA} Aol wixgd = vk

5 A , A7 A=A
olitzt ZAES ¥osleE dHd B A e Aol (d5 Bof, A dviyd EHe)) HA & HAgoe
22X, AXUEESo] A& d7jdoz ddd 5 Ak, €Y AANGHAA, 4] dd T 2 (dE 59, F
o ¢k 1 opm) AEE T, dE B9 Si0 TE & Urk. 2YE AAGEHAA, A7) Ad S Sg=v-AEkd
shstA F2H(PECVD) Hv 99 oh& 3 7led 93] FAddrt. 2E AAGEHA, A7 dd 54 9/5
= 44 obdt EHE ZrW0s, Si0, ALOs;, SigNy, T8 EA(dA, Egoln =, A F3A], 2 WAl
FREAA FRA), olE MRy g, L olEY 2FEe TP
T 45, Al 7]13(402) Hel X" o]y F(404) el wiX =L 7] o] Fol o3 Al A FAHE &
Fo HAXUEM06)E E¥ste Z2HA(400)E EAE, on AXTE(406)= Uuld =2(408)9 T ZF9
os) Mestdct. EE HAAGHAA, dud B (408)2 EHo 7sd ofdztoltt. HE Ax|gEol A, <]
WY E4(408)2 24 7sd PH(AE 5o, 5 M3 £ v JFF)d 9 AXAE06)E =ML
5 A, HE X 1o] A &R EAEA AN, 2HA(400)9] AF o] H FL, WY A4
Sl A, EAT 7 e T Z2H9AY FYHE YHERE AoR grgS oldfdfof gtt. E 4o ZAlE
o} Fo] BFo HRVEEFS 717t AXVEE UE AXWUES s, fAgE 2/Es o)t o], = &
= gAe 7HE 5 o, 9y ANYGHEH A, A7 AEEEE 2 um, 3 pm, 5 pum, 8 pm, 10 pm, 15 pm,
20 pm, 25 pum, 30 pm, 35 pm, 40 pm, 45 pm, 50 pm, 60 pm, 70 pum, 80 pm, 90 pm, 100 pm, 150 p

m, 200 pm, 300 pm, 400 pm, 500 pm, 600 pm, 700 um, 800 um, ®=+= 1000 pm; == 2F 2 um, 3 pm,
5 pm, & pum, 10 pm, 15 pm, 20 pm, 25 pm, 30 pm, 35 pm, 40 pm, 45 pm, 50 pum, 60 pm, 70 pm,
80 um, 90 um, 100 pm, 150 pm, 200 pm, 300 um, 400 pm, 500 pm, 600 pm, 700 pum, 800 pm, T+
1000 pm; =¥ HW 2 pm, 3 pum, 5 um, 8 pum, 10 pm, 15 pum, 20 pm, 25 pm, 30 um, 35 um, 40 um,
45 um, 50 pm, 60 pm, 70 pm, 80 pum, 90 pm, 100 pm, 150 pm, 200 pm, 300 pm, 400 pm, 500 pm,
600 pm, 700 pm, 800 pm, =+ 1000 pum; == HA F 2 pm, 3 pum, 5 um, 8 um, 10 pm, 15 pm, 20
pm, 25 pm, 30 pm, 35 pm, 40 pm, 45 pm, 50 pm, 60 pm, 70 pm, 80 pm, 90 pm, 100 pm, 150 pm,
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lo

200 pm, 300 pm, 400 pm, 500 pm, 600 pm, 700 pm, 800 pm, ¥+ 1000 pm; T o]E Alo]e
Qo] WA wol2 4A & k. B o), PP ANFHAA, Fols Bslel Y gre A
Eol7b oF 25 umolAY ¢ §FS 4 Avk. P AAFE|A A, 2719 QH AXHEE Ato]o] 142 0.1

TC 1=

m, 0.5 uym, 1 pm, 2 pm, 3 pm, 4 pum, 5 puym, 6 pm, 7 pm, & pm, 9 um, 10 pm, 12 pm, 15 pm H=+

S

#
¥l

mo
e lo

=

20 pum; %= 2K 0.1 pm, 0.5 pm, 1 um, 2 pum, 3 um, 4 pum, 5 um, 6 um, 7 pm, 8 um, 9 um, 10 u
m, 12 um, 15 pm %= 20 pum; E== AW 0.1 pum, 0.5 pum, 1 pm, 2 pm, 3 um, 4 um, 5 pm, 6 um, 7
pm, 8 pum, 9 um, 10 pm, 12 pm, 15 pm =+ 20 pum; = HAY 0.1 pm, 0.5 pm, 1 pm, 2 pm, 3 um,
4 pum, 5 um, 6 pm, 7 um, 8 um, 9 um, 10 pm, 12 pm, 15 um E=¥E 20 um; T=E oL Alol9 ZE9
ool wiefeltk. dE 5of, 9 HAYHAA, 2709 AT AEHEES Atole] 442 5 WA 10 pum ©]st
d = Ao, HYE AASHEHO A, 7] AEXYEE 3 pm, 4 pm, 5 pm, 6 pm, 7 pm, 8 pm, 9 pm, 10 p
m, 12 pum, 15 pm, 20 pum, 25 pm, 30 pm, 35 um, 40 pm, 45 pm, 50 pm, 60 pm, 70 pm, 80 pm, 90
pm, 100 pm, 150 pm, 200 pm, 300 pum, 400 pm, 500 pm, 600 pm, 700 pm, 800 pum, 900 pm, 1 mm, 2
mm, 3mm, 4 mm = 5mm; £ 3 um, 4 pum, 5 pum, 6 pum, 7 pm, 8 pum, 9 pm, 10 pm, 12 um, 15
pm, 20 pum, 25 pm, 30 um, 35 pm, 40 um, 45 pm, 50 pum, 60 pm, 70 pm, 80 pm, 90 pm, 100 pm,
150 pm, 200 pm, 300 pm, 400 pm, 500 pm, 600 pm, 700 pm, 800 pm, 900 pm, 1 mm, 2 mm, 3 mm, 4
mm =¥ 5 mm; EE Ao|%= 3 um, 4 um, 5 um, 6 pm, 7 pm, 8 pm, 9 pum, 10 pm, 12 pm, 15 pm, 20
pm, 25 pm, 30 pm, 35 pm, 40 pm, 45 pm, 50 pm, 60 pm, 70 pm, 80 pm, 90 pm, 100 pm, 150 pm,
200 pm, 300 pm, 400 pm, 500 um, 600 pm, 700 pm, 800 pm, 900 pm, 1 mm, 2 mm, 3 mm, 4 mm 5+ 5
mm; =¥ Ao]%= °F 3 um, 4 pum, 5 um, 6 um, 7 pm, 8 um, 9 pm, 10 um, 12 um, 15 pm, 20 pm, 25
pm, 30 pum, 35 pm, 40 pm, 45 pum, 50 pm, 60 pm, 70 pum, 80 pm, 90 pm, 100 pm, 150 pm, 200 pm,
300 pm, 400 pm, 500 pm, 600 pm, 700 pm, 800 um, 900 pm, 1 mm, 2 mm, 3 mm, 4 mm T+ 5 mm;, T+
°o]& Atole] FrEQ o9 Wl E& st F k. «dE Bof, ¥¥ AAGHA, A7) HAxdE] T
oF 25 um WAl ¢ md 7 ATh. GAlE ke o], HAXWUE(406)E=, o9 &4 W EE SH(AE 59, 9
o] o]g F(404)¥ FHFstar ofe] wel &g Wol Y =H(408)¢F HFSA F¥LF AR X HE.
IA GOl A, e =2 (408)0] &AW, o= Astdnt. HH AAGE A, Ast= 7Fdel os)
A (resting) &<t duld Edo] Ay A o=z Fddrt. HFH E
733k o] %
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S5 um, 1 pm, 2 pum, 3 pm, 4 pm, 5 pm, 7 9
m, 15 pm, 20 um %=+ 25 pm; == ¢F 0.5 um, 1 pm, 2 um, 4 6
9 um, 10 pm, 12 pm, 15 pm, 20 pm T=E 25 um; TE o5 Alol k59 9ol HQoltl. dE E9,
w9 Ao, ol Fol FAE oF 1 uA 2 unelw, ol ARUES AP Y :

f

ol FrAE 7]l &
B 42 9up, E@E AxSFEoA], 7] FHL 0.01 pm, 0.05 um, 0.1 um, 0.5 um, 1 um, 2 um, 3 1
m, 4 um, =+ 5 pm; E=E °2F 0.01 pm, 0.05 um, 0.1 um, 0.5 pum, 1 pm, 2 um, 3 pum, 4 um, =+ 5
pm; == FHW 0.01 pm, 0.05 um, 0.1 pum, 0.5 pm, 1 pm, 2 pm, 3 pm, 4 um, == 5 um; ==
°F 0.01 um, 0.05 pm, 0.1 pm, 0.5 pm, 1 pm, 2 um, 3 um, 4 um, £+ 5 pm; =X o]E Alo]9] =
Adoje] Wele] H ®W Fo] WHslE JhHT),
% 5%, YAl 7]13(502) 1l wixE o]y F(504) foll WXL 7] o]F Fol g3l A A FAH= &
T HAEXUE(B06)E EFshe 2HA(500)E ZAISHH, 974 AXAE(506)= Uuld E2(508)9 Al T
2 vy Ede A2 2 Festdrt. g2l A H A, AWy EF(508)9] Al T FEH
(depression) /% o 23 dom, o7iA B2 frEed o3 FEAo R FEks) e
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o
o
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i

_14_



TC

s

10-2023-0164117

5

=

=

o

i

o qlelel el v

=

o, 1, 2, 3, 4, 5, 6, 7, 8, 9 =& 1071;

Apelel gk

=

=

(ds =

=
-

BERY

3 <

o

11 9

0

s}

% 1, 2, 3, 4,5, 6, 7, 8, 9 = 107]; EE °]

S|
A

p
L

2]

o
No

o 3l

)

s

o] 27 ol

7o
N
or

A

i

AW Zdel

No

BK

BK
BK

ok

A (500)9] &

7
N

= 59

Tor
TR
23

Aaste] ] golr T

pud

& ol AAse1 A Apel

i

k)
w

[e)

L

, A2l CTES] 7}

o
o

o] CTE¢]

=

(<)

)

gelz IC 1/0 =
o sk A1

Gl A, 7] AL o =4

1}\]
A

=

A

™
=
e

[0048]

2

BK
BK

A (A7, A

,&O

)

Al FERel A, 371 AL S

o, =)

=

=2 =
=

2] (ol

AN G A, 2789 deldt dHlE =

jaciec]
= X

[0049]

¥lo
il
;oT
I

Al FEfell A, A2

A7

el

2]

BK
BK

K

No

[0050]

1E e}

o], 9F 250 pum EX= 500 um9

=

A

A

o

2 A|7,141,348 50 7|A)
5 A

<
= =
= 1

5] A]6,946,1783

E

=

of w5

o]z FA (pick and place process)®] AFEE 4 glomn o]

=

= =
=

x%y oq]

: il

[¢)

ar

[0051]

I

B

A

o 7]

3

3] 718,922,021

3] 718,922,021

E
=

=

of wlo}

=

ojo]A 1/0 9}

=

[0052]

N

ZO
B
22|
o
"
0
K

il
il

W)
)
o

AT

=
=

WA 2 um)

&t7]el

-2 5

‘IT

o drHew

g
Ar

_15_



[0053]

[0054]

SIHS3l 10-2023-0164117

F S FNtelA] et 29 AAYHNA, A7 HEPEE o) 5 A9 1%, 5%, 10%, 20%, 30%, 40%,
50%, 60% Wi 70%; F+= oF 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60% L& 70%; =& W 1%, 5%, 10%, 20%,
30%, 40%, 50%, 60% Hi= 70%; T FH ol oF 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60% i 70%; i o5 Alo]
o ZES doe] HAR o]F F(dE 5o, TFA &) U= AFsr. 2R AA SN, HFE HExd
E XA o]F Z9o AxAel EALEAHL 0.01 um, 0.05 um, 0.1 um, 0.2 um, 0.4 um, 0.5 um, 0.6
pum, 0.7 pum, 0.8 pum, 0.9 pum, 1 pm, 1.2 pm, 1.5 pm == 2 pum; == ¢F 0.01 pm, 0.05 pm, 0.1 1
m, 0.2 pum, 0.4 um, 0.5 pm, 0.6 um, 0.7 pm, 0.8 um, 0.9 pum, 1 pm, 1.2 um, 1.5 pm =+ 2 um;
= A 0.01 pm, 0.05 pm, 0.1 um, 0.2 pm, 0.4 pm, 0.5 pm, 0.6 um, 0.7 pm, 0.8 pm, 0.9 um, 1
pm, 1.2 pm, 1.5 pm £+ 2 pm; =+ HY 2F 0.01 pm, 0.05 pm, 0.1 pm, 0.2 um, 0.4 um, 0.5 um,
0.6 um, 0.7 pm, 0.8 um, 0.9 um, 1 um, 1.2 um, 1.5 pm =X 2 um; EE o]E Alolo] FHE9 99

Hejolth, R AA Gl A, HAE HAEXIE XA o]F Fo EAKAHS, 49 10 diryoz &4
st APFA wishd sy, Wyl AASE A, B Vsd 2HA 2 IAHS AP 5 EASE Yl
HS FEEHA #AaAZE 7 dem, ol wat, AR AXUE JAEIF B £ e T ol F(dE
5o, 9A A& ) g 81& AL 5 U

P2 AAGH A, old F(dE B, A AR SFAL, ¥ =F H/Es @ /4 (thermal
development)2] A3}z A] o]o] Ao AR E £A5l= FEHAAEO|T, Y AAIGE A, o83 LET
AX2Es mlo]la 2Ty AgeaA] 33, (-FESATIRY 719 &4 7|Wo R sh, oo &4
2 o FAY ok 15% A4S AT 7 Uk, 2YE AAGHAA, oldd EE VA APES AT, 2
ol FAE o] W] FAYE (dF 5o, dANFHE e J7ARE) AT, FE HAASHo|
A, B71 AXAES X¥ste 71 9 ASAE A7) 237 EA8s e e 2 (dE B, Eol)E o
ok, 2R AASHA, o]F F e Y] HEVEE xFeteE 79 2 ASAE Seg.

HR AA S A, o]F F EA(AE B9, TEAALE FIHADL AA(HE 5, ovAst 2 dd)H,
AXUES} o]y S Atolo] 2k F=FE AT + Ak, = 62, 24749 HEIE(608, 610) ofzol A=
olg F(604)°] ATZ FH(606A, 606B)7 H ol " FH 24(612)e zt= =HA(600)E =AIFH.
P AAIFE A, 7] AFE 24 B 7w vhet 2 Y Sdolnk. HY AAYEAA, E7I
AdE B4 dd 2/EE f4d 2ot o]y F(604)2 7]13(602) #1dl wiA¥ i, AXAE(608, 610)+
o3y F(604) floll wixEk. HE HAAIGE A, 71#(602)(dAE EO, YA 7L I Edojtt. 2HH¥
AAIGEH A A, ATR GG (6064 L 606B) ©l3 F(604)8] EH(AE £, TFA)Y FgH & Z/EE
a el o8 FAHE & dnk. EE AAGHAA, A7 AEZVETL A7) o]F F(AE B, FHA)Y o
7 goe] 259 7ge & uolaznygd & k. 2Z AAGEHAA, A7) FAEAETL o]F F(dE &
o] FgA) AYA dHd E=5= AgE= 0.1 pm, 0.2 um, 0.5 um, 1 pm, 2 pm, 3 um, 4 um, 5 1

)

m, 6 um, 7 pum, 8 um, 9 um, 10 pm, 12 um, 15 pm == 20 um; == 2F 0.1 um, 0.2 pm, 0.5 um, 1
pm, 2 um, 3 um, 4 um, 5 pm, 6 pm, 7 pm, 8 pum, 9 um, 10 pm, 12 pm, 15 pm =+ 20 pm;, BT
A 0.1 um, 0.2 pm, 0.5 pm, 1 um, 2 pum, 3 um, 4 pum, 5 pm, 6 um, 7 pm, 8 um, 9 pm, 10 um,
12 um, 15 pm == 20 pm; == HWB 2 0.1 pm, 0.2 pm, 0.5 pm, 1 um, 2 pm, 3 um, 4 pum, 5 um,
6 um, 7 pm, 8 um, 9 um, 10 pm, 12 pm, 15 pm =X 20 pm; T2 olE Aol FHEQ ol WHL(d
ZAdl, °F 2 WA 10 pmelvk. = 62, AT F9(6064) 2] FA7F AHA G (606B)e] F7 wRte]ar

HE(608) vF2 of9] o3 Z(604)9] F77F AEXHE(610) oflle] FA vl A& EAST. 29 A4

A

Felell A, AR g QmE olg F G T, A/ BLUES F shk oF (AW, FHA)
Dz d 2 AR (S Sol, FRHAY dof dolr) olf= s, 47 F ALUE ofde] & e 9y
2 9 W/EE oY F o wa) gad & k. ¥R ANGUIM, oY F vze] FTUES &

Zol= 25 nm, 50 nm, 75 nm, 100 nm, 125 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm,
800 nm HE+= 1000 nm; =¥ 9F 25 nm, 50 nm, 75 nm, 100 nm, 125 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400
nm, 500 nm, 600 nm, 800 nm ¥+ 1000 nm; = HW] 25 nm, 50 nm, 75 nm, 100 nm, 125 nm, 150 nm, 200
nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 800 nm =+ 1000 nm; %=+ H ¢F 25 nm, 50 nm, 75 nm, 100
nm, 125 nm, 150 nm, 200 nm, 250 nm, 300 nm, 400 nm, 500 nm, 600 nm, 800 nm =+ 1000 nm; HE+= o]E Ab
olo] FrE2ol delel ®AA(dE 5o, ddfe o]d 5 T4 ZEol o 1 WA 2 pwel 4% °F 150 HA] 300 nm,
T dHe] olF S 7 dFol °F 2 X 10 um®l A5 ¥uA o Ze FEFVF ). 2R A
Gl A, A7) old T3 AuZ B flol AVl FEIES uiXEr] doll A7) old Tl #s AR
K &

H(sensitized) °old T AT, HY LA GE A, 7
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5

It] ¢F 5 nm, 10 nm, 20

nm, 30 nm, 40 nm, 50 nm, 75 nm, 100 nm, 150 nm, 200 nm, 300 nm, 400 nm, 500 nm, 600 nm, 800 nm, 1 pm,
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