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Optimal Design of Ultrasonic Hom for
Ultrasonic Drilling Processing of Ceramic Material
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ABSTRACT

Recently, there has been continuous technological development in the semiconductor industry, and
semiconductor manufacturing technologies are being advanced and highly integrated. For this reason, ceramic
material having excellent heat resistance, wear resistance, and conductivity are used as components in
semiconductor manufacturing. Among them, the probe card’s space transformer is used as ceramic material to
prevent electronic signal noise during the electrical die sorting of semiconductor function testing. However,
implementing a bulk-type space transformer with a thickness of 5.6 mm or more is challenging, and thus it
is produced in a structure with a stacked ceramic film. The stacked space transformer has low productivity
because it is difficult to ensure hole clogging and a precise shape. In this research, an ultrasonic horn is
designed to manufacture a bulk-type ceramic space transformer through ultrasonic drilling. Vibration
characteristics were analyzed according to the ultrasonic horn, and the natural frequency was measured.

Keywords : Ultrasonic Drilling(Z=S I} =2/3), Ultrasonic Horn(ZSIZF &), Natural Frequency(ZF2XSF),
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Fig. 4 Analysis model by number of slots

Table 1 Material properties of Al6061

Items Value Unit
Density(kg/m>) 2.81 g/em?
Young’s Modulus 71.7 GPa
Poisson’s Ratio 0.33 -
Tensile Yield Strength 503 MPa

(d) 4 Slot

(e) 5 Slot

Fig. 5 Mesh shape according to number of slots

2.2 Slot 7ol wE XS4 =A
257 Home| T3 §4< getatr] 98l 259
Horn®| AAE Fig 40 UepA vt} Zo] 3|4 =2
< T e, AEHYS AYsiATh
Slot /<ol whe} XFafAs JAPstr] s 2
Modeling?] #& 84 S FYsiP o, F3+a
2 A3 Fig 59 2 AHE AL F dlen,

R QTh. =3 Modal sl 2AS =83 949l
19~21kHzZE 3-A 3t 84S A3Ysta).



e, F5E, oY, o3

=71 AE S A A21d, AL

Table 2 Finite element generation result(number)

Analytical model Nodes Elements
Slot 1 5,671 3,136
Slot 2 8,246 4,598
Slot 3 9,768 5,276
Slot 4 13,332 6,913
Slot 5 13,165 7,017
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Fig. 6 Analysis model by number of slots
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Table 3 Analysis conditions according to slot spacing

Items Value Unit
Size(WxDxH) 220.8%220.8x112.3 mm

Chamfer 16 mm

Slot thickness 13.8 mm

\4/ Slot length 50 mm

(a) Slot spacing 30mm Slot spacing 30~70 mm

E Modal
Total Defornation 7

Type Total Deformation
Frequency. 19826 Hz

Table 4 Analysis conditions according to slot Thickness

Items Value Unit

Size(WxDxH) 220.8%220.8x112.3 mm

Chamfer 16 mm

Slot thickness 8~17 mm

Sl — Slot length 50 mm
muii:fw Slot spacing 60 mm
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Fig. 7 Analysis result by slot spacing FAS BRom, 10~119 4 mdlloA AAF 34
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Fig. 8 Analysis result by slot spacing - 1
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(j) Thickness 17mm

Fig. 9 Analysis result by slot spacing - 2
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Fig. 10 Slot Thickness 13.8mm analysis results

Table 5 Analysis conditions according to slot Thickness

Items Value Unit
Size(WxDxH) 220.8%220.8x112.3 mm
Chamfer 16 mm
Slot thickness 13.8 mm
Slot length 20~60 mm
Slot spacing 60 mm

2 ARE "o Slot o] S0mmE V|ESE
Imm @92 A 2dE& Y3t XFaAs 213
3t & Lq] 49-51mm7} 53 EAS Hol= AL
g #]'39\‘:]' 1'34‘4' Slot Z29] 50mme] Zo|A 7173
Bo] 223} 7132 1% 223} Hom

14e 5ol 259 =
Aoz Fojste] AAl 7}

301 AE gy

Zt 274wt AAlE =53 Homd A4
W&} 3D Modelings AAISHoH, did Rdd S
Hgoz f3tast S APy B o
AHgE 259 Homme 238 3172 Fig 119
Yelgigled, 71413 B4 Al 60619 EA4S
Foste] )& 23T

32 7étea 44 2 HAA=A

%259 Homo €384 AA4A7 Node 11,132
78, Elements 6,875/12 AAE ZHLS &2lsAith
AAzAL 7%
o}&t7] 98] 19~21kHz Alole] ZH3AE
gos HASED 7 F DAsE 3 100N
HreE ek o g Koste] x3}el Al A
%53 Hom®| 3D ModelingS Fig. 12¢] YER]]
Row, F3ash Y 2 AAZA didl Fig
12~14° YERA AT

B

(o3
o

2

g
2
Xy
o
>
ot



A2, FEE, o)FF, olFZt ¢ FFVIAVIEEIA A214, A%

€: Modal
Total Defommation 2
Type: Total Deformation
Frequency. 19137 Hz
Unit mm

20773 Max

19.208

1785

16351

14878

13402

11928

10454

29799

75058

a7

45575

3.0834

16003

013516 Min

(a) Slot length 20mm
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Fig. 12 Ultrasonic waves hom 3D modeling
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(e) Slot length 60mm
Fig. 11 Analysis result by slot length Fig. 14 Boundary conditions
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