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A Study on the Structural Dynamic Design for Sub-micro Vibration Control
in High Class Semiconductor Factory by Semi-Empirical Method
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ABSTRACT

Modern technology depends on the reliability of extremely high technology equipments. In the
production of semiconductor wafer, optical and electron microscopes, ion-beam, laser device must
maintain their alignments within a nanometer. This equipment requires .a vibration free
environment to provide its proper function. Especially, lithography and inspection devices, which
have sub-nanometer class high accuracy and resolution, have come to necessity for producing
more improved giga and tera class semiconductor wafers. This high technplogy equipments require
very strict environmental vibration standard, vibration criteria, in proportion to the accuracy of the
manufacturing, inspecting devices. This paper deals with the structural dynamic design in high
class semiconductor factory in order to be satisfied more strict vibration criteria for high sensitive
equipment.
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Fig. 1 Schematic procedure of sub-micro vibration
control
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Fig. 2 Procedure for sub-micro vibration control in
semiconductor factory
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(1) Sub-structure®] dimensionol W& THEA A
A(receptance, +2 ¥ I#AFF, mode shape)

(2) AE7129 MAT ¥ pile #& $E5A AL
(receptance, A2E7]% 1 /42 E4, mode shape)

(3) Access Floor ¥ A A} MgAA

3.2 #x=E9 =X MA =H(Receiver Part)

HMT A FFCAA YA dAHE HAAE
(sub-structure) = &71 3PS A% E&5E& 7%
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Table 1 Vibration properties of semiconductor chip

Capacity| Wafer| Chip |Nuber|  Line | S-Po2K
of size | size, of chip width design criteria
D-ram | (inch) |(mm®)| (W) (# m) (4 m, 0-peak)
64K 4 20 310
256K 5 40 245 |5 ~Fum
1M 6 50 288 .
iM 6 90 156 2 m
16M 8 130 179 2 um | ¢ 05~1 im
64M 8 190 132 | ¢ 1.5 um |9F 0.2~05
256M 8 285 88 % 0.25 im |2 0.1~02 m

Table 2 Vibration control design criteria of Giga
class semiconductor factory (p-p value)

Item Vib'rat.ion Freq.
criteria

ST how] span Remarks
A ispl. | Accel. H
rea [l | rgan| B2
Anti-vibration - pp
system 0.2 1 02 4~80 value(3-D)

N pD
Access floor | 0.5 | 05 4~80 value(3-D)

- _ p-p
Sub-structure | 0.1 | 0.1 4~80 value(3-D)

Office & Lab.| 02 | 0.2 4~80

Pp
value(3-D)
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Fig. 3 Cross section of a semiconductor factory
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Fig. 4 Cross-section of a clean room
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Fig. 5 Structure model of Mega D-ram class semi-
conductor factory

Table 3 Comparison of accelerance according to
structure type [unit : (m/s*)/N)

Frequency (Hz)

Description | Measure. point
8 Hz |24 Hz | 30 Hz

Type A Point mobility | 17 # [ 143 # | 127 ¢

(4 MDRAM) | FRF at 2 m
distance

6pu [102 p |47 p

Type B Point mobility | 4 # 81 # |124 ¢
(16 MDRAM) | FRE at 2m | 5, | 77 4 |114 »

distance
Type C Point mobility . 29 ¢ |168
(64~256
FRF at 2
MDRAM) distaelmcem ) 20x (148 4

$u3tEs Zol AP olop 3tk ol E H3d vy
#2727 (max. peak force 20000N, time duration
20 ms)E AAHLZ A3y Tt H2EE B
o MAHS FGET F AAM] 49 Zray
o gLt AYAA wst dEF wEATZ
712 2 F2EY MYEE Fig. 59 72 B35
A& Table 33 7t}

36 717 ClAF WEATR| SN M
7N7HE Uy HEATHY FHEHORE H-T
¥ 2} ) (point mobility) 7t B& FTZ7)9 A F3}
% 24HzolN HA4® 15 ym/sec’/N{(0.0006 um

~/N), 2 m AN FREIEdF(FRF)E 10

pm/sec’/N(0.0004 pm/N)olat7t Sojofp & RO
2 JA4"d. £33 FZW¥7 (structural dynamic
modification) & % 34 256 MDRAM &7l
A AR F2EY FHUFSEEFE JHFHL=E
ALg-Hon, Sai4 (force response simulation)

£.73d) - complience (m/1esR)

Fié. 6 First bending mode
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Fig. 7 Receptance plot for MAT at 1F excitation

Table 4 Summary of results of receptance at R-3

Recep.] Point Transfer

Floor ( 4m/N) | ( pm/N) Remark
_4|12x107*

1F MAT 4 115 H

441071 (125 Ha) ?

3F |{Photo |21 x1073 {65 x10~* 125 Hz

C/R |General| 26 x1072 | (15.3 Hz) 12.5 Hz

15.3 Hz Transfer

-4 | Excitation :
4;: :gb 66 x10~3 |81 10" "1 "G FAB at 4F dlab
(15.3 Hz) Response :
photo area at 6F slab
6F | Photo [2.1 x107%|g5 x 10~ 125 Hz
C/R |General| 27 x10~3 | (19.2 Hz) 13.6 Hz

% Frequency span : 8 Hz~30 Hz

Excitation and response position : the center at interval of
12 X 12 column,

Point receptance : One where the response position and the

excitation position are indentical
Transfer receptance :
@ A clean room layer : Excitation — general area

Response — photo area

One where the response layer and

excitation layer are different

® A remainder layer :

o AHLE A Fofe dA 489S 39
Aol dHolEHE ALY Fig. 62 WEAFTH
By pZo i AFHHE &3 FHAA
g Ao, Fig. 72 71%d W& FH¢SEHEF
a#zoln}, 18X Fig. 82 HFAHLE T3 34y
Az 2% AESHLFAA 2 pm(p-p)E TF3
= RC 729 717} ddF vEAFEY Mg #+2
olt},

Table 4= Fig. 8¢ Giga DRAM Class¥t= A F 3
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Fig. 8 A concept drawing of Giga D-ram class semi-
conductor factory
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