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Generic Vibration Criteria Curves for Vibration-Sensitive Equipment

Environmental vibration is an important issue for facilities using sensitive tools and machines. Examples are pho-
tolithography in microelectronics, equipment for manufacturing nano-electronic devices, scanning electron microscopes
(SEM) or transmission electron microscopes (TEM) in biomedical and biopharmaceutical research. In some cases ac-
ceptable limits have been specified by the manufacturer of the equipment but sometimes the limits are unknown. For
this case “Generic Vibration Criteria” have been elaborated in the 1980s, among others, by IEST.

Generic Vibration Criteria (VC) are measured in three directions as third-octave band velocity RMS spectra. The curves

are labeled VC-A through VC-G.

Vibration | Vibration level Application Size of
icati
criteria (RMS third-octave spectrum) PP structure
Perception 100 um’s (4 to 80 Hz) Threshold of human pe.rception, for §ensitive sleep?ng afeas, 30 um
threshold opera halls, theaters, microscopes with 100x magnification
VC-A 50 um/s (4 to 80 Hz) Microscopes with 400x magnification 8 um
VOB 25 um/s (1 to 80 Hz) Inspecti9n instru.ments? high-quality laboratories, lithogra- 3 um
phy equipment (including steppers)
VO-C 12.5 umvs (1 to 80 Hz) Microscopes W.i'[h magniﬁcatigns up t.o 1000>.<, good stan- | um
dard for most lithography and inspection equipment
VCD 625 ums (1 to 80 Hz) high-quality electron microscopes (REM, TEM), electron 03 um
beam systems
Compliance with this criterion is very difficult and may only
VC-E 3.1 unvs (1 to 80 Hz) be. possible in a fe\?‘.l cases, preferably on founda.tion slabs 0.1 um
without an underlying cellar. Necessary for equipment of the
highest precision.
Extremely still research rooms, very difficult to achieve;
VC-F 1.6 um/s (1 to 80 Hz) only suitable for characterization and not as a design crite-
rion.
Extremely still research rooms, very difficult to achieve;
VC-G 0.8 um/s (1 to 80 Hz) only suitable for characterization and not as a design crite-
rion.
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Vibration criteria for nanotechnology can be found in VDI 2038-2:

Nano Vibration level Application Size of
Criterion |(RMS third-octave spectrum) PP structure
o |10 fom sty |V bl et GRS ool
i 6.4 um/s from 20 to 100 Hz gy, upb W g1 feau 8 g
namic stiffness and natural frequency
Nanop | OSHmsfom LtosHa | S L e foudaton sy and it | 0203
i 3.2 um/s from 20 to 100 Hz Y posst Yry . Ve foundatl v nm
very favorable soil conditions
Strictest criterion for REMs and TEMs in nanotechnology
0.53 pm/s from 1 to 5 Hz for resolutions in the sub-Angstrém range, compliance only
Nano-EF . . . . . 0.1 nm
2.1 pm/s from 20 to 100 Hz possible under very special conditions and with special
building designs
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Figure 1: VC and Nano limit lines
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For comparison, the limit for perceptible vibration is between 100 and 200 pm/s.

Another method for the classification of vibration in buildings with sensitive equipment has been formulated by in
ISO/TS 10811.

For the selection of a suitable sensor it is most important to compare noise at the lower frequency end where the lowest
acceleration components occur.

As an example, the triaxial accelerometer KS823B has a noise density of 0.8 pg/sqrt(Hz) at a frequency of 1 Hz. Using
the method described above for a frequency range from 1 to 10 Hz the noise density at the lower frequency is multiplied
with the square root of the difference between the upper and the lower frequency limit. The approximate noise contribu-
tion of the sensor will be 2.4 pg or 24 um/s?. At 1 Hz this corresponds to a velocity of v = a/@ = 3.8 um/s. Doing the
same calculation for 10 to 80 Hz where the noise density is 0.2 mg/sqrt(Hz) at 10 Hz we get a noise value of 1.7 pg
which corresponds to 2.7 pm/s at 10 Hz. Thus the KS823B can be used down to vibration criterion VC-D.

Even lower vibration can be detected with the accelerometer KB12VD with its noise density of 0.06 pg/sqrt(Hz) at
1 Hz. This sensor is suitable for measurements down to VC-F and Nano-EF under the assumption that the noise of the
signal path is in the same range as the noise of the sensor.

Metra offers the VM 100 vibration analyzer and the module VM-OCT+ of the VibroMetra system for the measurement
of VC and Nano criteria.

Links

Evolving criteria for research facilities: vibration
https://spie.org/Publications/Proceedings/Paper/10.1117/12.617970?SSO=1
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