Tests of STACIS for active stabilization at SLAC

Gordon Bowden, SLAC



* STACIS 2000

ActiveE VIBRATION ISOLATION SYSTEM
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STACIS off, Vertical Motion
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STACIS on, Horizontal Motion
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STACIS Vertical Transmission
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© THE WORLD’S MOST
ADVANCED ACTIVE VIBRATION
ISOLATION SOLUTION

The Sucts 20007 detivers a ouly
unmatched level ot vibraton isolagon.

enabling ultra-precision semiconductor tab-

neaton equipment to deliver the highese
Signal Cond'tlor!mg accuracy: the fastest systemn throughput and
and Compensation Card
Slides into Top Cover

the highest device vields. In applicaitons
where vibration has been a problent in the
past. the improved stabiline of the Stadas
2000 svwtem has increased manutactunng
throughput and vicld by as much as 2005,
The Stacis 2000 is engineered and manutac-
ned by Bumy Controls, the world leader in
active vibration contml technologyand is
exclusively distrmbuted bv Newport
Corporanon in North \meric.

Payload Support

Elastomeric Mount Fasy Installagon

Attenuates Vibrations Never has active isolation been this caa
Above 35 Hz

to mstall and use. Juse place the isolators

Velocity Sensors under vour sestem, hook up the power and
(xy.z) sivmul cables e flip the switch. Beause
Center Block theres mmmal calibration and intualizagon,
vou never have to want to begin using vour
Support and Shear
e Decoupler Ring

svstern. Installation s also easier because the

. . Stacis 2000 docs not require compressed i
. - Vertical Piezo
High-Voltage Amplifier N ‘ Stacks (3 Places) ~o there are no supply and exhause fines to

and Power Module
Slides into the Base
of the Pedestal

installand naincain.

) . \ Y Horizontal Preload — .
Horizontal Piezo Stack . and Shear Decouplers The Widest Actve

(2 Places) ~__ A\t 8 / (2 Places) Bandwidth Available

~.

With isolaton starting atjust 0.3 iz, the
Stacs 2000 ofters far better protection
against the low-frequeney vibrations that
ciuse the mose problems tor photolithoge

phy. metrologyand other ultra-precision




® Fasv-to-use diagnostics and modular design fj
minimize downtime. The system’s vertical isolation
performance is unexcelled

¢ User-friendly software interface. over a wide frequency range

e Supports computerized data acquisition and control.

* Low magnetic field. VERTICAL TRANSMISSIBILITY

* Stiff isolators prevent rocking or movement from

10

normal machine forces. (20d8) | /N
¢ Earthquake restraint option available. £ 1

5‘ (0 dB) ™ D"‘Ss,\/s

Active degrees of freedom: 6 A A7y
Active bandwidth: 0310250 Hz 5 (2008) I~
Active resonant frequency: 02Hz %’ 0.01 vy W
Resonant transmissibility: I g (4008 — A
Isolation margin above 10 Hz: >90% L v
Settling time (for 5 1b. @ 12 in. drop): 10 ms 1 2 5 10 20 50
Dynamic range: 60 dB A

Active force output [per isolator per axis): 1000 1b. (455kg)

Static load capacity per isolator: 400-3500 Ib. HORIZONTAL TRANSMISSIBLITY

(180-1591 kg) 10
, (20dB) A~ s,
Number of isolators per system: 3or4 > // SSie
Maximum actuator displacement: 0016 in. (40 pm) 5 (Ods')
fsolator dimensions (W x H x O): H.75%124x1251n. % o e T L
(298x315x318 mm| 2 (2008) e —
Controller dimensions (W x H x O): 170x65x1001in 2 oo S — ' '
< (404 7 AWy
- 432x165x 254 mm| | § (4909
Operating temp: 10t0 32°C 0.001
Storage temp: -40to +125°C (8098 4 2 5 10 20 50
- — FREQUENCY (Hz) .
Operating humidity: 75% max. -
Power required: 100, 120. 200, The STACIS 2000's horizontal
or 240 VAC, isolation performance sur-
; passes that of any passive :
20/60 Hz, 600 W isolation system by several Applications

. . orders of magnitude.
Ordering Information f e Sieppers

o Electron microscopes

Model Description U.S. List Price including SEM and TEM
2000-01  System with 3 isolators (400-1000 Ib capacity per isolator) and controller $29.995 * Laser trimmers
2000-02  System with 3 isolators (800-2000 Ib. capacity per isolator) and controller 534,995 * Crstal growing furnaces
i Mask aligners
2000-03  System with 3 isolators {1400-3500 Ib. capacity per isolator) and controller $37.995 ® Mdsk aigners

o Mask inspection systems
2000-01E  System with 4 isolators (400-1000 Ib. capacity per isolator) and controller $38.990 ) _

o Mask and wafer repair systems
2000-02E  Svstem with 4 isolators {800-2000 Ib. capacity per isolator) and controller $44 990 : « Precision grinders
2000-03E  System with 4 isolators (1400-3500 Ib. capacity per isolator) and controller $48,990 o Optical systems
X2001 Additional isolator for 400-1000 Ib. capacity systems S 8995
X2002 Additional isolator for 800-2000 Ib. capacity systems . S 9,995
X2003 Additional isolator for 1400-3500 lb. capacity systems $10.995

STACIS™ 2000 is designed and manufactured by Barry Controls®
For further information contact Newport or your local Newport representative:

@% iNewport Corporation, 1791 Deere Avenue, Irvine, CA 92714, Telephone: 800-222-6440, 714-863-3144, :
&| Facsimile: 714-253-1680

FM27207 France Italy Netherlands Taiwan R.0.C. : )
Tele 016-302927 d Teiephone (2-924-55i8 TJelephane 03403-92141 Telephone Bes-2-506 2366

Facsirule 448 Facsinvie 73405-7024 Facsirrile 886-2-507 9268 Ne O' I
witzerland United Kingdom H ®

Telephcne O1-740-2283 Telephore (1635-521757
Facsimile (H-740-2503 Facsimiie 01625-521348

Nrwrorn Camenan e in Saltinnd nas be cntifed complian wiie [SC 0062 bu e Britsk Standards tnstienor: Cernficate N FALDTI0T € 1993 New




STACIS Design Evolution

Soft Mount

= G-

Soft Mount
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Velocity Transmission Vj/Viy,

lnertlal eta = 707

107 — 1
107 10 10
Frequency, Normalized
Differential Damping Inertial Damping
17 — “n Vo 2wps+w?

in 8%+ 2wns + w2 Vin 824 20wps + w2



Why is active pseismic control a challenge?
e Plant is not a point mass - 6 degrees of freedom.
e Plant is not a rigid body - internal modes
e Plant not separated from enviornment - floor modes

e Hard to close-couple sensor-actuator pairs.

. Kinimatic Mount
Elastic Damper: '

Géophone Sensor

Intermediate Mass .
Piezo Actuator

IS

e Microseismic signal/noise ratio is small

1Q° Displacement Noise Spectral Density
Displacement Noise, 3o above 0.1 Hz.
GS-11D GS-11D = 0.821 pm
L-22E = 0.134 ym
L-4C = 0.017 pm
10%}
um/\/HZ
10%}
Amplifier: OP27
- .
10 :
10" 10’ 10’
Frequency in Hz

Figure 4: Displacement noise spectral densities of three geophones conditioned with an OP27 amplifier.
The geophone resonance is the most influential parameter on the low frequency noise.



Elite™ 3

Active Isolation Modules and
Control System

Newport's Elite™ 3 Series Active
Isolators provide a digitally con-
rrolled ultrastable plattorm suppart
Elite” 3 technology is engineered
specifically tor very high resolution
wafer production. metrology and
microscopy applications. Piezoelectnc
actuators are designed into the iso-
lator to support stitf work surtaces
and actively cancel low frequency
floor vibrations

Active 1solation Controller

Email: tech@newport.com

An optional kinematic docking svstem
horizontally stabilizes equipment
platforms dunng wafer transfer or
other pavicad motion. Elite ™ 3
technelogy can be customized for
integration into OEM systems
Elite "3—focus on the future

Active Isolation Module

Web: www.newport.com

l

FROM NEWPORT

Key Features

o Active vertical vibration

cancellation

o Feedback control sensor drives piezo-

actuator

o Pendulum decouples horizontal

motion

s Docking locks equipment platorms
duning load movement and parts

xChanage

o Available tor CEM intearation

Q> Newport
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- Specifications

] Performance Specification
i Active Degrees of Freedom 3 é
I Number of Isolators 3ord |
| Maximum Load ;
Per Isolator 2501b (110 kg) 500 1b 1220 kg)
Set of 3 750 Ib (330 kgj 1500 Ib (660 kg)
Set of 4 1000 b (440 kg) 2000 Ib {890 kg)
Vertical Isolation Active Piezoelectric Support ‘
VERTICAL FREQUENCY (Hz) with Elastomer Coupling |
10 e pr e eer mer e ren 20 Active Bandwidth 3to 200 Hz
= I? — Stroke, max 001" 25 ym
;: o rare rrrss]0 Resonant Transmissibility -15dB ;
2 2 8 Isolation at SHz -10dB ;
R P T e | Hz -20d8 i
z s 10 Hz -35dB
;‘5 001 by = rrd 40 100 Hz -35dB |
e Horizontal Isolation Pendulum with Oil damping ‘
0.001 s ™ e Free Travel 125
HORIZONTAL FREQUENCY (Hz) Resonant Frequency | Hz
i Resonant Transmissibility 15dB
fsolation at 5 Hz 10dB
| Hz 15 dB
10 Hz -30dB

30 Hz -40 dB




NLC IP Enviornment
e High magnetic fields - Capacitive Sensors.

e Cryogenic Temperatures - Piezo or magnitostrictive

actuators

e Noise sources internal to detector - Coolants

Complex Detector structural dynamics

e Stabilization of feedback "hunting’

Final academic question: Does active stabilization re-
ally remove motion? or only down shift it in frequency?

Does it cool?



