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Synthesis of polyvinylpyrrolidone (PVP) capped silver and copper nanoparticles
dispersions as conductive material inks for ink-jet printing electronic circuit board
(PCB) manufacturing process by microwave-assisted liquid phase reduction method
have been investigated. Obtained ethylene glycol dispersions of silver nanomaterials
contained varied shaped 40-60 nm in diameter spherical nanoparticles, 200-300 nm
nanoplates, and 10-20 x m in length 70-100 nm in diameter nanowires. These shapes
could be controlled by synthesis conditions such as concentrations and average
molecular weight of silver surface capping reagent PVP, existence of nanoparticle
etching reagent, NaCl, and temperature rising rate of microwave reactor. The
compositions of silver nanomaterials in ethylene glycol were also checked by using
dynamic light scattering (DLS) and UV-VIS surface plasmon resonance (SPR) spectra
and these dispersions were stable for several months. Also, viscosities of prepared
silver nanoparticles dispersions were measured. To investigate the silver
nanomaterials inkjet formation characteristics, various control waves, driving voltages
and frequencies applied to the piezoelectric ink-jet nozzle were tested and ink-jet
formation were visualized by high-speed CMOS video capture system. The qualitative
map of ink-jet droplet formation was proposed by considering influence and variation
of shape of piezoelectric ink-jet nozzle driven waves, frequencies and voltages.
AR E R

(AN - 1)

[ERESETA LiEESE & @t
2008 F1E 2,600, 000 780, 000 3, 380, 000
2009 “FAE 500, 000 150, 000 650, 000
2010 4FBE 600, 000 180, 000 780, 000
FHE
FHE
oG 3, 700, 000 1,110, 000 4,810, 000




WEFESY R - T

B DR - fMH © 7o 205 - AL T - BERE - BAZHEE
F—U— N W - R FTERRIE, T, v~ T T =R A7 Vv b

1. AFZEBRAE 4 FI D 5

e, RERZ Y v 2 —CTHWbh DA 7
Yy N EE ST, M DOASTA T
D7 012 DNA RS04 E D7/ k115
D - FEREREME M BHA IR 2 Fo K EI28 A L C
MIEAERSED 2 L CEMERER~ A7
07 NA AEERT S 2 ERRALLTH
b LIATA YT V= MEIRIL, BRI
AL, RO TR BV T, IR D
R & AN E S O RLIEEE A LD AT DA
\ZE D REEEREANE RO L VY
DO ERIEEIRIE LR DGR E N, =
—b— AT A VBRELTHALNTWNS R,
77 RTAATLART LR T IVHMNR
BEOBFELTIZ, 20X REERRE X
O D R — RGP ThY , A7V
v MEEHA~OENME Lo TWVE, 2D
RMIBEICXT LTI, @ T EL &A1 7
Vv hTEKRECBATI e RICE
WTREB A - B kA D 2 FEE ORI % VLT
WL HE A A5 (1], Sim SIS
a7 e VRIS B R osRRiE S R &
A7 Yy NHT 5 2 & CRARHIET
% [2] FIET, EEEO AL I
HTEEZENENHRE L TVDR, T
FEEFA 7 ¥y NBAMEIRE ORIK
FRENBREIND, A1 7Yy b~y Fif
PEICREGEN AT - HIHEEE DS LB CTH LR ED
RKERMEEZA L TEBY ., RARRK R 21X
o TWignwe b s,

2. WO EHB
A7V FHIRIC L DT 4 A
VA RS T —7 4 V2 — BT T Y
b~ IR B RRVE R B IR 2 b i, EEME = > 7
. S, R BEOLEE T Rk E A
VIV FMRELTHWD r— A& HE
L. FRED 3 >OHFFEHE B 2OV THEBRI 72
Rt a7 72,

1. ~A 7R U 4 — k081 % v
T, R TEAEI O T/ i T HE & 5 B
WL SR E AR b5y B L o &
BURTREMEICBIT 2 at &L o) 2 kit
SHIRIC RS T VT AT LV a— L ERINL
4|t WARORE R, KL E IR,
FEMER 72 EORE & Ehii T 5,

2. FIWKA T Yy MO~
DAE B EBEIE R\ T D 28 &2 B2
e D FEERAEIE A BT D,

3. FA—N, VT OB SRR
i7" v R &R D a4 5 i oo Al

B XN 0FEEFRR~DT /KD R
Rtk o g & & FE R i AT iE I X SRR &
179,

BRI F BREIE, BRE 1 — 3 D3RR
Btz @ LT, /7 Y=y MEICK HEIE
NG — TGRS 57 7 S A VB SRR T
EXDHFWIKA TV b T ORI
LSS0 FEAR O Bt 75 MR A2 B & i LT
PEERAA 7 V2 N TY U Ny BA~DF
J IR A 7 OIS REE A BRT D &
Ths,

3. WD ik
(1) RAUOBRMBRIA—ILEICKDERE
F/RFDERDER ERES TR
To T MENHECTCE D ERETHD, <A
s a P NBGEREIC X D) KA IZ oW
TR ZIT O, ~A 7 o mEx, &, A4,
W, EE =y L ERLETIERESE
AF Y BRER = F L) a—u
D578 5 SRR COWFETE (RY A —v
) ot L CEAT 5, BRI, ~ A
7 vk, R IR, PR SRS e & A
ZCTH IR EAEK L, P oeET kL
TR, PRI, MG L R EN A EREAE T
WEE (SEM) ., #heiEl (DLS), =xv
X — o X # o (EDX) . X #REE 40
(XPS). AU A~ kv (VIS) HIER
PALS B — X BN T2 - T, AR
i Lok FAEE L O E S D,
KIZELNT-&B T /R FIRKIC 1-7 %
J—=NVULEDORBEEEZ L DT LR
E#T7AIAEAT =T A ETMLT
KB T, 7 A L~ —RIR IR I &
D FXEIENOREKREEE, ¥ /7>
A ARG BE R CREME SR O IR R AR 7 & &
EL. T/ R OEET -2 52155,

(2) FI/RAEAOCTINREDE BN SE
BRRICW-2EBOHR FHHICEATS
JIARE—T 7 av— Bf) A7V
v b~y R, A2 7Ty b~y REREERE
BLOA 7V =y MEHFHMIEERE Z W
T, 1. THBLEZFT ik A 7220 2
V. AT AR (BAREEEL) ~@ L,
WR O 75 R — TR AR 2 2 e & |
FEWREE B X OKETHO 2 BTN D
[FRFIZ, $REH OFTRT DU ETA OER
500 =~ #km A[HED CMOS H ATV AT A
TPC RicBET 2, ZOVATAIZEY 2
— b — 2T A VEBOTHELNTRETH Y .



1. TFH WA v 7 of It 2—Ee —
ATA VBSREDOMBEEZH LT D,

(3) FA—.PorBEClBtERRTO
EREF AT 2N MEHRIEERETEA~DF/
RAEODBNEFHEDOIRELREREATEICEK
HFHM ERERmICEWR LA 7Py b
RN IR IVEN D BE L. HiRiohh
FUTR [+ R AR DS & S 7R EE
THIBRR AT T 256 Tld, TO%ROHE
JEFE R E WA ET D Z ENRHIC TS
No, THIEHERE2MEERDELD
(2, SFUVERIENC & D HEARE A~ F —=
VITORREE LB NS, £IT, U3
V. HIAERERICYT oy Y L
D&, BREEN T AREKICT A —v
B 5 Z & T, TNENOEREHEIZT T
N A NN A E & ne S Nk ik 7
5 2 TE R & C 3 o M & SR — B
PEICHIBET %, & ORFUVHERIE & 7= b
w2, LREERCT /KA T2 7Y
=y ML, TDOLEOFEHMEBET D,

4. HFFERE

. ®
£ NTaL TN

e
PVP360k

PVP1300k
X1 ARG RERT /R DR

(1) RAUOEMBR)A—IVEICKEDERE
F/RFREMBRDFAY (> 7Ty MEI
X2 E T RIEERER 722 2 ICHO LR
LHERESR T IR ERA v EREICA
RARETH D, ~A 7 a B X 2R
TEERF R AR OV TR 2T 7. &
WRESRA AV 8L ER,/ =F L7
T — )L B 78 D R T ORRARIE LIRS %)
LC. JFBHARIRME., ~A 7 vl /i iR
FIRFRD, PREISREE /2 2B 2 T/ itk E S
L. iR o&E T ket Mk, wEidE
B EMN T, TORER, x0T
JRITRBEMD Y B, SHEERITH D E
3T Doy 1B NER T R O ESWY)
PR EREELZ RETZ ERNbhoT2, K
W~ A 7 v B E ST OB E/ N T R
—HIZOWNWTHRFEAT o T2 fE R, X1 ISR
R, 7L— MRk, my BIRIBIRE & 285
$RT BB — S BUR O GG R e

WA ST LT,

COIBLEREEELEZ ONDERE
BT BSOS BREIFIZ o
THREFL7-AE R, BEFIREE T, 8L E
s X ORI B HI A % Fr E o T TE &
BHZLET, M2IRTEHIRT AT bt
100 BL EDERT 7 U A Y ) — 4y ik & ARk nl
FETHHZ EEHLMNI LT,

K2 &) U4 o SEM #

X5z, BT A a— BTN L8RS
BT 53 BOR O K oE 1 FetE & F 2 KLk
DOFBNZ DWW TR R, IEOEHEE IR
FEARAEMEN T V3 — L4y - L RF ) R T &
OHEAERIZL > THEHIESIL S Z LB L
nElpoiz,

SIHIICK 1, 2R TERT R ARk %
BN B IR EEER T ) KA > 7 OFFEIZO
WTRR 21T 72, FOfER, K3 iort &
INTRFEER T/ WY — 3 B & fe kK 50
B%ETeiR)T IR A7 25D 2 LA
REL o7,

3 ERERT RA s

(2) F/REAVICTINRED B RN DE
[RR RIS -2ZEDEE (1) TERLE
KFEERT VR T E/A 7 ) a il
M T A A~/ Ry MR 20pum FRE DA
VIV NBARBETHD T TAX—T
s ouav— (fR) APy FEEL,
FEWREE AL X OKETHO 2 BTN D
[RIREZ PC il » /~— RT ¢ A7 kB Al HE R
2HD CMOS B ATV AT A, B
S L 72 XY 2T — U bR S -,
KBRS IR FEHA LI DAL 7Py B
BAAFECA 7V MEOER~DE
B HLER)S D TR RIS DR 2 AR T
XBHA 07 Ve y METEBEIREEE % B
FL7e (K4ZH),



X4 A7 Txy MHHEE

COEEERHNTT S RAA 7 LR
EIICBITAA 7Py MEOER~D
75 HAER D ORI AW e DR 2 CCD
TEDOGBERARERA V7 V= v NEFE
WREREEEZ N, /17 Y=y b~y R
BRENVEEE, R, WIEE OB FEEE T A
—ZICBTHELDRF ) RiF ATV
v bt~ T OEKREIT- T2, FO—fl%
X 51277,

(@) Stable  droplet (b) Unstable droplet

Voltage [V]
(c) AgPVP10k, Wave form C
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