#oate B3 o# T Vol.54  No.3
2026 4 3 H % 252—260 11 Journal of Materials Engineering Mar. 2026  pp. 252—260

SI AR A, VA VR R R, A5 T IR AL Sk i B BUROR RSB SR 7 LT ] AP TR, 2026, 54(3) : 252-260.
DONG Wei, JIANG Cen, XU Fumin, et al.Preparation of monodisperse micron-sized spherical copper particles based on pul-
sated orifice ejection method[J ].Journal of Materials Engineering, 2026,54(3) : 252-260.

T Bk RUTL I 1% 5 8 S 5 B
WK BT SRR T

T oML ALEERTR MY
(1T TR BPRRRE 5 TRESEBE  I0T° A 116024
2 B SR 5 4 B BOR BB RHE T 5005  JESE 100072)

FEE - 3D M T3P X Cu b BRI ST BoRS 2 HH B T2 A% A 23K, 2R A5 1 R BER 1) Cu Ak, 200 B DR TR0 i 4 e e v
R P, T AR A T S B 42 VR X /N o ARG 2R FH DK P AR L ot S 32 kil 8 B0 B Cuchr 7, 3 e AR T A I R
FE SSR RIS B CEES R, ANBER W OCEES B CuBR M S MR e M RO Z DG 2 o TR 02 S 199 52 W 0 Y i
RIS, 17 Kk i ISR AT R S R ROR R/ N AR, TEAS SR e e W] AR 2 FR 24 S8 IR 52 i, JHG v i IR 19 He
RN A Ry 30835, AR /I FL S P 58 0T A 184 A 5 R T R e S e AR R b o A A TR R AR IR, RS Y
KEES U # BARRLAR R 100 pm F1 200 pm B Cu ki -, FRA5F 09 52 BRobi 42 28 96.27 pm F1 200.69 pm, #7522 43 51 29
2.67 pm 1 2.64 pm, BRIEFEI KT 0.95, Frifil 8 Cufsob ik A2 1 —  BRIEBERS 16 2 Cu kg R A ER .

FERIR K LIS s BRE 42 I8 Cuki T 5 AR5 ] 5 1E 28 S 56 Wt AR e 1

doi: 10.11868/j.issn.1001-4381.2024.000241  CSTR: 32421.14.j.issn.1001-4381.2024.000241

FESES: TB34  XEARRE: A XE4HS: 1001-4381(2026)03-0252-09

Preparation of monodisperse micron-sized spherical copper particles
based on pulsated orifice ejection method

DONG Wei',JIANG Cen',XU Fumin",ZHAO Yang®

(1 School of Materials Science and Engineering, Dalian University of Technology , Dalian 116024, Liaoning, China;
2 National Key Laboratory for Remanufacturing, Army Academy of Armored Forces, Beijing 100072, China)

Abstract: 3D microelectronic packaging imposes extremely stringent requirements on the size and precision
of Cu core balls. To obtain Cu core balls that meet these requirements, it is essential to ensure the stability
during the droplet jetting process and to precisely control the droplet size as needed. This study employs the
pulsated orifice ejection method to prepare monodisperse Cu particles. The key parameters affecting particle
size are determined based on the Hagen-Poiseuille law, and the relationship between these key parameters
and the stability and size of Cu droplet jetting is investigated in detail. The influence of temperature and
differential pressure determines whether droplets can be jetted, while the pulse waveform and the rod
distance primarily control the particle size. Orthogonal experiments reveal that the particle size is co-
influenced by multiple parameters, among which the voltage of the pulse waveform has the most significant
impact, and the the particle size increases with the increase of the voltage. Adjusting the rod distance can
regulate the stability of the jetting process. Through the analysis of the jetting window and orthogonal
experiments, appropriate key parameters are selected to prepare Cu particles with target sizes of 100 pm
and 200 pm. The actual obtained particle sizes are 96.27 pm and 200.69 pm, with standard deviations of
approximately 2.67 ym and 2.64 pm, respectively, and sphericity values both exceeding 0.95. The
prepared Cu particles exhibit uniform size and high sphericity , meeting the requirements for Cu core balls.
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Fig.1 Schematic diagram of POEM(a) and pulse waveform-trapezoidal wave(b)
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Table 1 Key technical parameters and regulation range of POEM

Temperature/°C  Orifice diameter/pm Frequency/Hz  1,./ps

Lo/ 1S L/ ps Pressure/kPa  Voltage/V ~ Rod distance/mm

1200 100/200/300 100 50-300

1250 2250 0-9 30-75 0.1-2.0
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Table 2 Process parameter influencing factors and levels

Rising edge time (B)/ Rod distance
Level Voltage(A)/V

s (C)/mm
1 70 50 0.4
2 60 100 0.8
3 50 150 1.2
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Table 3 Results and polar analysis of orthogonal experiments

Test mumber Voltage TA{ising edge :ii?ance ?aﬁicle

(A)/V time(B)/ps size/pm
(C)/mm

1 70 50 0.4 229.1

2 70 100 0.8 214.5

3 70 150 1.2 216.6

4 60 50 0.8 237.9

5 60 100 1.2 234.2

6 60 150 0.4 230.6

7 50 50 1.2 204.9

8 50 100 0.8 207.1

9 50 150 0.4 2104

K, 660.2 671.9 670.1

K, 702.7 655.8 659.5

K; 622.4 657.7 655.7

ky 220.1 224.0 223.4

ky 234.2 218.6 219.8

ky 207.5 219.2 218.6

R 80.3 16.1 14.4
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Fig.4 Effect of driving voltage on particle size of Cu particles
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Table 4 Particle size and process parameters

) o Rod Actual
Target particle Rising edge . . .
i Voltage/V distance/  particle size/
size/pm time/ps
mm pm
100 50 200 0.6 96.27
200 50 150 0.8 200.69
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Fig.8 Particle size distribution and SEM images of copper particles prepared under different conditions

(a)average particle size 96.27 um; (b) SEM images of copper particles around 100 um; (¢)average particle size 200.69 pm;

(d)SEM images of copper particles around 200 um
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