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11––Requirements for the LHC Requirements for the LHC goniometergoniometer

Total angular range : >10 mrad

Resolution: <0.1 µrad

Accuracy: < 1 µrad
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22––Promising technology: the Promising technology: the piezopiezo actuatorsactuators

The working principle 

PIEZOELECTRIC MATERIALS: Materials that change their dimensions
when a voltage is applied and produce a
charge when pressure is applied
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22––Promising technology: the Promising technology: the piezopiezo actuatorsactuators

The working principle 

The Piezo Actuated Stick Slip Motor:

Time1

At restSlipStick

PIEZO
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Characterization in open loop of the goniometer ANR101-RES 
from Attocube

3. 3. Preliminary resultsPreliminary results
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3. 3. Preliminary resultsPreliminary results

(0.2 urad)

(0.48 urad)

(1.2 urad)
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3. 3. Preliminary resultsPreliminary results

Stepping working mode 
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Stepping working mode 
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3. 3. Preliminary resultsPreliminary results

Fine Positioning mode 
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3. 3. Preliminary resultsPreliminary results

Fine Positioning mode 

Applied DC Level 
(V)

Averaged step size 
(urad)

Std dev on 100 meas
(urad)

0.001 -0.608184461 0.556038592
0.002 -0.224487884 0.325701067
0.005 -0.413070759 0.267776382
0.01 0.008080002 0.226916752
0.05 -0.189096146 0.238757931
0.1 -0.526773869 0.42264423
1 -4.701770494 0.207342715

2 -9.040244499 1.325886706
5 -24.38590951 0.30853492

10 -50.99352983 0.375607221
18 -96.48845541 10.57539072
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3. 3. Preliminary resultsPreliminary results

Fine Positioning mode 
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3. 3. Preliminary resultsPreliminary results

Piezo Actuactors used in open loop are 
characterized by:

High positioning resolution

Compactness

But

• Low reproducibility

• Histeretical behaviour 

• Memory effect

• Total Ionization dose effects



A Masi, Plans for an optimal Plans for an optimal goniometergoniometer

3. 3. Preliminary resultsPreliminary results

The positioning accuracy (i.e. reproducibility) improves using a 
good sensor to close the loop as for instance:  

= 17 urad
= 34 urad
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44. . Promising technology: Promising technology: the the interferometricinterferometric position sensorposition sensor

The working principle 

OPTICAL SIGNAL

(SOURCE: OPTICAL FIBER ETC.)

INTERFERENCE SIGNAL

(SUPERPOSITION OF

DIFFERENT PHASE SHIFTED

REFLECTIONS)

= f(l)

INTERFERENCE SIGNAL

(SUPERPOSITION OF

DIFFERENT PHASE-SHIFTED

TRANSMISSIONS)

= f(l)

PHASE SHIFT BETWEEN

SOURCE AND SENSING BEAMS

(REFLECTION BEAMS)

REFRACTIVE INDEX OF THE CAVITY

WAVELENGTH

DISPLACEMENT

FABRY-PEROT CAVITY
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44. . Promising technology: Promising technology: the the interferometricinterferometric position sensorposition sensor

Improvement for better performances

FABRY-PEROT CAVITIES CANNOT DETECT DISPLACEMENT SIGN

DIFFERENT SENSITIVITY REGIONS (BLIND SPOTS)

ADDED EXTRA QUADRATURE SIGNAL

BETTER SENSITIVITY AND DISPLACEMENT SIGN RECOGNITION

SOURCE: WWW.ATTOCUBE.COM

UP TO 30 pm
RESOLUTION

±0.5 PPM

ACCURACY

0 TO 10 CM

POSITION RANGE

FIBER OBJECT
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44. . Promising technology: Promising technology: the the interferometricinterferometric position sensorposition sensor

Optical Fibers and Rad-Hardness for Position Sensors

POSSIBLE SOLUTIONS FOR..

LINEAR POSITION SENSORS

ANGULAR POSITION SENSORS

FABRY-PEROT INTERFEROMETER [1]

OPTICAL FIBERS WITH DIGITAL ENCODING [2], INTERFEROMETERS? 

POSSIBLE RADIATION EFFECTS ON OPTICAL FIBERS

INFLUENCE ON PHASE SHIFT AND ATTENUATION OF THE OPTICAL FIBER [3]

[1] WWW.ATTOCUBE.COM

[2] RICE, T.J.; CHILDERS, B.A.; BORINSKI, J.W.; CROTTS, R.L.; HARMAN, R.M.; BOYD, C.D.; , "PASSIVE FIBER OPTIC POSITION SENSOR WITH DIGITAL

ENCODING," AUTOTESTCON PROCEEDINGS, 2001. IEEE SYSTEMS READINESS TECHNOLOGY CONFERENCE , VOL., NO., PP.137-147, 2001

[3] MILLER, E.K.; MACRUM, G.S.; MCKENNA, I.J.; HERRMANN, H.W.; MACK, J.M.; YOUNG, C.S.; SEDILLO, T.J.; EVANS, S.C.; HORSFIELD, C.J.; , 
"ACCURACY OF ANALOG FIBER-OPTIC LINKS FOR INERTIAL CONFINEMENT FUSION DIAGNOSTICS," NUCLEAR SCIENCE, IEEE TRANSACTIONS ON , VOL.54, 
NO.6, PP.2457-2462, DEC. 2007

[4] OTT, M.N.; "RADIATION EFFECTS DATA ON COMMERCIALLY AVAILABLE OPTICAL FIBER: DATABASE SUMMARY," RADIATION EFFECTS DATA WORKSHOP, 2002 
IEEE , VOL., NO., PP. 24- 31, 2002

DOCUMENTED ATTENUATION INFLUENCE ON COMMERCIAL FIBERS [4]
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55––Conclusions and outlooksConclusions and outlooks

• Piezo actuactors are potential candidates to be used for the
LHC goniometers for the high positioning resolution achievable

• Radiations effects on piezo actuactors are being studied

• Piezo goniometers can reach the positioning accuracy
required by the LHC only in closed loop

• The problem moves to the angular sensor used to close the
loop. It has to fulfill the accuracy requirements and to be rad-
hard

• Interferometric sensors based on optical fiber are under
study


