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1 Introduction

This manual begins with a brief introduction to membrane deformable mirrors, including a brief
history and a summary of the theory of operation. Then there are sometimssroo using the
membrane deformable mirror, including some important warnings about its usage. Itis
important to read this manual in its entirety before using the membrane deformable mirror.

1.1 History of Membrane Deformable Mirrors

Membrane deformableimors (MDMs) have been in use for many years. Grassal.

demonstrated a large metal membrane deformable mirror in 1977. MEMS community

demonstrated several different types of membrane deformable mirrors over the years. Most

people citetheworkaPIL as t he start of this effort, altd@
commonly known. In parallel with the work at Delft, Mansell at Stanford developed a new kind

of membrane deformable mirror for use in hgbwer lasers that was a more advarened
salablearchitecture.

There have been several efforts demonstrating nitrocellulose membrane deformable mirrors,
including those by Zamkotsian and for use on the SUBARU telescope, but these have been
costly to fabricate due to the choice of electrostadickplane and the complex desigrne
membrane deformable mirror product introduced by AOS solves many of these problems.

1.1.1 Limited Membrane Deformable Mirror References

1. J. Mansel |l et al , AMIi cromachined si-l'icon d
901.

2. J. Mansel |, AMi cromachined deformabl e mirr
Dissertation at Stanford University, February 2002.

3. J. Mansel |l et al ., HAcPrsoig raedsasp tti ovwea rodp tci ocnsp ascy
Beam Control Meeting, Montey, CA, March 2006.

4. G. Vdovin emirroarhi.cr dirfd elxiihdd® in silicono, A
29682972, 1995.

5. R. Gr os s o enbraneniirroras ailaTdhaep tmeve opti cal el ement

Am., 67(3), pp. 399106, 1977.

6. F.Zamkot si an ehtasadd ,mificProd dyenfeaor mabl e mirror f
Proc.5719 (2005).

7. H. Takami et al ., iMembrane defor mabl e mir-r
Proc. 220178, 7627 (1994).

1.2 Device Operation

This membrane deformable mirror device consists of a membrane mounted over an electrostatic
pad array. The membrane is formed by stretching a thin piece of material over a stiff frame.
Spacers are used to keep the membrane from coming in contact vatadinestatic pads and to
maintain a proper distance between the mirror and the underlying pads.

This membrane deformable mirror is actuated with electrostatic force by applying a potential
difference between the mirror membrane and the underlyingcgurfThe electrostatic force is
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proportional to the voltage squared, so linear control systems must take this into account.
Furthermore, since the voltage response is parabolic and the mechanical restoring force is linear,
the mirror can enter an unstalstate when the mirror displacement toward the electrostatic pads
exceeds ~1/3 of the static gap between the mirror and the pads. In this state the mirror surface
Asnaps downo onto the underlying el ecfaceost at i
This condition should be avoided at all costs by limiting the range of the mirror being used for
adaptive optics.

The shape of the influence functions is different than those produced by-typ&a{Xinetics)
deformable mirror because they aa as localized. In fact, the MDM influence functions
always extend to the clamped edge. This fact means that the amplitude-gbdtigih frequency
aberrations is inherently limited with MDMs.

Polymer Membrane
and Frame

Spacer

Electrostatic Pads

Electrical Connector

Typical MDM Architecture

2 Usage

This section stas with important warnings about the proper use of a MDM. Then some
important tips on the optical setup are included.

2.1 Warnings

1 Cleaning: The MDM reflective surface cannot be cleaned. Do not blow off the mirror
surface with any type of pressurized@irchemicals. This will probably damatie
mirror and will result in voiding of the warranty. Itis recommended that the MDM be
protected by avindow. This can be accomplished using a SM1L05 or a SM1L03T
mount from Thor Labs aM.H058C11 (@or 64@860k0n) fom s u c h
ThorLabs.
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1 SnapDown: The AOS MDMs are designed to be driven up to 300 V without
electrostatic snagown, but there are some conditions that can inducedmap. For
example, if the mirror is driven on resonance, whichk about 550Hz for a
mirror, then the device can enter sstaggvn. This condition should be avoided because it
often results in damage to the mirror surface. Any and all warranties expressed or
implied by AOS will be voided by inducing an elexstatic snaglown event.

1 Laser-Induced Damage: StandardAOS deformable mirrors are shipped with an
aluminum coating for reflectivity. These coatings are not capable of handling high
energy laser illumination. AOS is still working to establish thewédi so call AOS to
determine limits for any pulsed laser usedifidtched or moddéocked) or any high
average power laser usa@gd.OmW at 633nm or a spot size on the mirror <lmm in
diameter). Any and all warranties expressed or implied by AOS will hdea by
damaging the mirror with laser radiation.

1 Unusual Usage or DisassemblyTo avoid voiding the warranty, please contact AOS
before doing anyiing not outlined as approved usage by AOS. Unapproved usage
includes disassembly, use with an unapprawednt, or application of unusual
conditions including extreme heat, cold, or vacuum.

2.2 Common Usage in Optical Setups

2.3 Mirror Surface Protection

The 10 di ameter MDM is shipped with a cover t
device. The adaet can be used to attach other optics to the front of the mirror surface using
ThorLabs SMitype adapters. It is highly recommended that the mirror be covered when not in

use because the mirror surface cannot be cleaned. If this is not practicaligheoatmmended

that a 10 diameter window be used to protect
MDM case using an SM1L03 or SM1L05 from ThorLabs. If the reflections from the window

need to be isolated, a SM1L03T can be used instead.ettammmended that the window be AR

coated and wedged to help further isolate the Fresnel reflections from the window.

2.4 Optical Setup Tips and Suggestions

There are many different uses for deformable mirrors. Some common uses include:
1 Aberration compensatiancluding
o0 Atmospheric Aberration Compensation
0 Aero-Optic Aberration Compensation
o Static or Quasbtatic Optic Aberration Compensation
1 Laser beam shaping for
o Improved gain medium tapping
o Improved norinear optics efficiency
Laser beam cleanp
Dynamic fows
Intra-cavity Q-switching
Temporal pulse shaping

= =4 =4 -2

Below are some tips for using the MDM in common optical setups:
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1 Focal Bias Compensation The MDM should be operated about a bias at about 70% of
the total voltage range. This bias induces a focus omitfier surface. This focus term
can be compensated with a single optic, but is more commonly compensated with a
telescope capable of removing the static curvature of the MDM.

1 Low-Power PreCompensation:The MDM can be used to compensate for aberrations
in lasers, but it is recommended that the MDM be placed in gbwer part of the laser
whenever possible. For example, in a massaillator poweramplifier (MOPA)
configuration, the MDM should be placed after the master oscillator and before the
power-amplifier.

1 Noisy Environments: The MDM does not perform well in very noisy environments
because the sound can coupdeustic energinto the membrane surfacdhe MDM is
designed for use in relatively quiet laboratory or industrial settifiggto avoid using
the MDM in such environments.

1 Voltage Control to the Membrane: Some of the actuator patterns provide the
capability for the user to change the voltage potential on the membrane surface. The
MDM is deformed based on potential difference bevihe actuators and the membrane
difference. If the membrane and the MDM actuators are set to the same voltage, the
mirror will not deform.

3 Membrane Deformable Mirror Specifications

Specification Value

Distance from Mirror Surface to Exposed 0 . 86 (21 mm)
Surfaceof SM1 Connector

Approximate Actuator Capacitance 50 pF
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4 Appendix A: One-Inch MDM Actuator Patterns

4.1 31 Hexagonal Grid Actuator Pattern

10 4

g4

(i)

o
%@@

|~ |
G
Crr

efofe

¥ (mr)
Mapping to 37-D Connector

37-D Pin | Actuator 20 2
1 8 21 19
2 31 22 7
3 30 23 29
4 18 24 17
5 28 25 6
6 16 26 15
7 27 27 14
8 26 28 1
9 5 29 13
10 25 30 4
11 24 31 11
12 12 32 22
13 23 33 10
14 3 34 21
15 9 35 Surface
16 20 36 NC
17 NC 37 NC
18 NC
19 NC
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Actuator Coordinatesi Xi,y1, X2,Y2,  (@m)
1: 0.88,1.52 -0.88,1.52 ,-1.76,0.00 ,-0.88;1.52, 0.881.52, 1.76,0.00, 0.88,1.52

2
3
4:
5:
6
7
8:

9:

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24.
25:
26:
27:
28:
29:
30:
31:

: 0.88,4.79 -0.88,4.79 ,-1.76,3.27 ,-0.88,1.74, 0.88,1.74, 1.76,3.27, 0.88,4.79
: 3.71,3.16, 1.953.16, 1.07,1.63, 1.95,0.11, 3.71,0.11, 4.59,1.63, 3.71,3.16
» 3.71,0.11, 1.950.11, 1.0#41.63, 1.953.16, 3.713.16, 4.591.63, 3.710.11

0.88;1.74,-0.88;1.74 , -1.76;3.27 , -0.88;4.79 , 0.88;4.79 , 1.763.27, 0.881.74

: -1.95;0.11, -8.71;0.11 , -4.59;1.63 , -3.71;3.16 , -1.95;3.16 , -1.07;1.63 , -1.95;0.11
. -1.95,3.16 ,-3.71,3.16 ,-4.59,1.63 ,-3.71,0.11 ,-1.95,0.11 ,-1.07,1.63 ,-1.95,3.16

0.888.05 , -0.88,8.05 ,-1.76,6.53 —088501 0.88,5.01, 1.76,6.53, 0.88,8.05
3.71,6.42, 1.95,6.42, 1.07,4.90, 195338 371338 459490 3.71,6.42
6.54,4.79 , 4.78,4.79, 3.90,3.27, 4.78,1.74, 6.54,1.74 , . 2742,8.54,4.79
6.54,1.52, 4.78,1.52, 3.90,0.00, 41782, 6.541.52, 7.42,0.00, 6.54,1.52
6.54;1.74, 4.781.74, 3.9063.27, 4.784.79, 6.544.79, 7.423.27, 6.541.74
3.71;3.38, 1.953.38, 1.044.90, 1.956.42, 3.716.42, 4.584.90, 3.7%13.38
0.88;5.01,-0.88;5.01 , -1.76;6.53 , -0.88;8.05, 0.888.05, 1.766.53, 0.885.01
-1.95;3.38, -3.71;3.38 , -4.59;4.90 , -3.71;6.42 , -1.95;6.42 , -1.07;4.90, -1.95;3.38
-4.78;1.74 ,-6.54;1.74 , -7.42;3.27 , -6.54;4.79 , -4.78;4.79 , -3.90;3.27 , -4.78;1.74
-4.78,1.52 ,-6.54,1.52 ,-7.42,0.00 ,-6.54;1.52 , -4.78;1.52 , -3.90,0.00 ,-4.78,1.52
-4.78,4.79 ,-6.54,4.79 -7.42,3.27 ,-6.54,1.74 ,-4.78,1.74 ,-3.90,3.27 ,-4.78,4.79
-1.95,6.42 ,-3.71,6.42 ,-4.59,4.90 ,-3.71,3.38 ,-1.95,3.38 ,-1.07,4.90 ,-1.95,6.42
3.71,9.69, 1.95,9.69, 1.07,8.16, 1.95,6.64, 3.71,6.64 , 4.593B7169.69
6.54,8.05, 4.78,8.05, 3.90,6.53, 4.78,5.01, 6.54,5.01, 7.42,6.53, 6.54,8.05
9.36,3.16, 7.60,3.16, 6.73,1.63, 7.60,0.11, 9.36,0.11, 10.24,1.63, 9.36,3.16
9.36;,0.11, 7.6060.11, 6.731.63, 7.663.16, 9.36;3.16, 10.241.63, 9.360.11
6.54;5.01, 4.785.01, 3.906.53, 4.788.05, 6.548.05, 7.426.53, 6.545.01
3.7156.64, 1.956.64, 1.07#8.16, 1.959.69, 3.719.69, 4.598.16, 3.716.64
-1.95/6.64 , -3.71;6.64 , -4.59;:8.16 , -3.71;9.69 , -1.95;9.69 , -1.07;8.16 , -1.95;6.64
-4.78;5.01 , -6.54;5.01 , -7.42;6.53 , -6.54;8.05 , -4.78;8.05 , -3.90;6.53 , -4.78;5.01
-7.60;0.11, -9.36;0.11 , -10.24;1.63, -9.36;3.16, -7.60;3.16 , -6.73;1.63 , -7.60;0.11
-7.60,3.16 ,-9.36,3.16 ,-10.24,1.63 ,-9.36,0.11 ,-7.60,0.11 ,-6.73,1.63 ,-7.60,3.16
-4.78,8.05 ,-6.54,8.05 ,-7.42,6.53 ,-6.54,5.01 ,-4.78,5.01 ,-3.90,6.53 ,-4.78,8.05
-1.95,9.69 ,-3.71,9.69 ,-4.59,8.16 ,-3.71,6.64 ,-1.95,6.64 ,-1.07,8.16 ,-1.95,9.69
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4.2 25 Segmented Annular Actuator Pattern
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Mapping to 37-D Connector

37-D Pin | Actuator 20 NC
1 NC 21 NC
2 NC 22 16
3 24 23 25
4 8 24 9
5 17 25 10
6 18 26 19
7 2 27 3
8 3 28 4
9 1 29 20
10 12 30 13
11 5 31 6
12 21 32 22
13 14 33 15
14 7 34 Surface
15 23 35 NC
16 NC 36 NC
17 NC 37 NC
18 NC
19 NC
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Actuator Coordinatesi Xi,y1, Xo,Y2,  (@m)

1: -2.60,0.03 ,-2.55,0.54 ,-2.38,1.06 ,-2.11,1.53 ,-1.74,1.94 ,-1.30,2.25 ,-0.81,2.48 ,-0.27,2.59 , 0.27,2.59, 0.81,2.48
1.30,2.25, 1.74,1.94, 2.11,1.53, 2.38,1.06, 2.55,0.54, 2.60,0.00-0.845,2.381.06 , 2.1:153, 1.741.94, 1.30,
2.25, 0.812.48, 0.272.59 ,-0.27;2.59 ,-0.81;2.48 , -1.30;2.25 , -1.74;1.94 , -2.11;1.53 , -2.38;1.06 , -2.55;0.54 , -
2.60,0.00

2: -2.86:0.13,-2.79;0.62 , -2.64;1.09 , -2.41;1.53 , -2.11;1.93 , -4.03;3.69 , -4.61;2.93 , -5.04;2.09 , -5.33;1.18 , -
5.46;0.24 , -2.86:0.13

3: -1.93;2.11,-1.53;2.41 ,-1.09;2.64 , -0.62;2.79 , -0.13;2.86 , -0.24;5.46 , -1.18;5.33 , -2.09;5.04 , -2.93;4.61 , -
3.69;4.03,-1.93;2.11

4: 0.13;2.86, 0.622.79, 1.092.64, 1.532.41, 1.932.11, 3.694.03, 2.934.61, 2.095.04, 1.185.33, 0.245.46
0.13;2.86

5: 2.11;1.93, 2.41:1.53, 2.641.09, 2.790.62, 2.860.13, 5.460.24, 5.331.18, 5.04;2.09, 4.6:2.93, 4.033.69,
2.11;1.93

6: 2.86,0.13, 2.79,0.62, 2.64,1.09, 2.41,1.53, 2.11,1.93, 4.03,3.69, 4.61,2.93, 5.04,2.09, 5.33,D1B}, 5.46
2.86,0.13

7: 1.93,2.11, 1.53,2.41, 1.09,2.64, 0.62,2.09.3,2.86 , 0.24,5.46, 1.18,5.33, 2.09,5.04, 2.93,4.61, 3.69,4.03,
1.93,2.11

8: -0.13,2.86 ,-0.62,2.79 ,-1.09,2.64 ,-1.53,2.41 ,-1.93,2.11 ,-3.69,4.03 ,-2.93,4.61 ,-2.09,5.04 ,-1.18,5.33 ,-0.24,5.46 ,
-0.13,2.86

9: -2.11,1.93 ,-2.41,1.53 ,-2.64,1.09 ,-2.79,0.62 ,-2.86,0.13 ,-5.46,0.24 ,-5.33,1.18 ,-5.04,2.09 ,-4.61,2.93 ,-4.03,3.69 ,
-2.11,1.93

10: -5.71;0.13, -5.59;1.18 , -5.28;2.19 , -4.79;3.12 , -4.13;3.95 , -6.01;5.75 , -6.97;4.54 , -7.68;3.18 , -8.14;1.71 , -
8.32;0.19 , -5.71;0.13

11: -3.95:4.13,-3.12;4.79 , -2.19;5.28 , -1.18;5.59 , -0.13;5.71 , -0.19;8.32 , -1.71;8.14 , -3.18;7.68 , -4.54:6.97 , -
5.75;6.01 , -3.95:4.13

12: 0.135.71, 1.185.59, 2.19;5.28, 3.124.79, 3.954.13, 5.756.01, 4.546.97, 3.187.68, 1.718.14, 0.198.32
, 0.13;5.71

13: 4.133.95, 4.793.12, 5.282.19, 5591.18, 5.710.13, 8.320.19, 8.141.71, 7.683.18, 6.974.54, 6.01;5.75
, 4.13;3.95

14: 5.71,0.13, 559,118, 5.28,2.19, 4.79,3.12, 4.13,3.95, 6.01,5.75, 6.97,4.54, 7.68,3.18, 8.1207D,, 8.3
5.71,0.13

15: 3.95,4.13, 3.12,4.79, 2.19,5.28, 1.18,5.59, 0.13,5.71, 0.19BRR8.14, 3.18,7.68, 4.54,6.97, 5.75,6.01,
3.95,4.13

16: -0.13,5.71 ,-1.18,5.59 ,-2.19,5.28 ,-3.12,4.79 ,-3.95,4.13 ,-5.75,6.01 ,-4.54,6.97 ,-3.18,7.68 ,-1.71,8.14 ,-0.19,8.32
, -0.13,5.71

17: -4.13,3.95 ,-4.79,3.12 ,-5.28,2.19 ,-5.59,1.18 ,-5.71,0.13 ,-8.32,0.19 ,-8.14,1.71 ,-7.68,3.18 ,-6.97,4.54 ,-6.01,5.75
, -4.13,3.95

18: -8.57;0.13, -8.39;1.74 , -7.92;3.28 , -7.16:4.71 , -6.15;5.97 , -8.20;7.96 , -9.55;6.28 , -10.56;4.37 , -11.19;2.31 , -
11.43;0.17 , -8.57;0.13

19: -5.97;6.15, -4.71;7.16 , -3.28;7.92 , -1.74;8.39 , -0.13;8.57 , -0.17;11.43 , -2.31;11.19 , -4.37;10.56 , -6.28;9.55 ,
-7.96:8.20 , -5.97;6.15

20: 0.13;8.57, 1.748.39, 3.287.92,4.71;7.16 , 5.976.15, 7.968.20, 6.289.55, 4.3%10.56 , 2.3:11.19, 0.17,
11.43, 0.138.57

21: 6.155.97, 7.164.71, 7.923.28, 8.391.74, 8.570.13, 11.430.17, 11.192.31, 10.564.37, 9.556.28, 8.20,
7.%, 6.155.97

22: 8.57,0.13, 8.39,1.74, 7.92,3.28, 7.16,4.71, 6.15,5.97, 8.20,7.96, 9.556.28, 10.56,4.37 , 11.1942,6117 1
8.57,0.13

23: 5.97,6.15, 4.71,7.16, 3.28,7.92, 1.74,8.39, 0.13,8.57, 0.17,11.43 1.2®81,4.37,10.56, 6.28,9.55, 7.96,8.20
5.97,6.15

24: -0.13,8.57 ,-1.74,8.39 ,-3.28,7.92 ,-4.71,7.16 ,-5.97,6.15 ,-7.96,8.20 ,-6.28,9.55 ,-4.37,10.56 ,-2.31,11.19 ,-
0.17,11.43 ,-0.13,8.57

25: -6.15,5.97 ,-7.16,4.71 ,-7.92,3.28 ,-8.39,1.74 ,-8.57,0.13 ,-11.43,0.17 ,-11.19,2.31 ,-10.56,4.37 ,-9.55,6.28 -
8.20,7.96 ,-6.15,5.97

1C
Version 1.11 12/22/2011



ANBS

www.aosllc.com
4.3 32 Square Grid Actuator Pattern

104
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104 ,
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Mapping to 37-D Connectori Standard Package

37-D Pin Actuator 20 13
1 14 21 10
2 16 22 9
3 15 23 3
4 4 24 1
5 2 25 7
6 8 26 5
7 6 27 11
8 12 28 18
9 17 29 24
10 23 30 26
11 25 31 30
12 29 32 32
13 31 33 21
14 27 34 22
15 28 35 19
16 20 36 NC
17 Surf 37 NC
18 NC
19 NC

11

Version 1.11 12/22/2011



Mapping to 37-D Connectori Beam TubePackage(-4 part number)

?g"[]) Actuator ?g"[]) Actuator
1 7 20 26
2 1 21 27
3 2 22 28
4 3 23 22
5 4 24 10
6 9 25 16
7 8 26 15
8 14 27 21
9 13 28 20
10 12 29 19
11 18 30 25
12 17 31 24
13 23 32 29
14 11 33 30
15 34 31
16 35 32

Actuator Coordinatesi Xi,yi1, X2,y2,  (€m)

1: -6.66;3.39 , -6.66;6.40 , -9.67;6.40 , -9.67;3.39 , -6.66;3.39
2: -6.66;0.13 , -6.66;3.14 , -9.67;3.14 , -9.67;0.13 , -6.66;0.13
3: -6.66,3.14 ,-6.66,0.13 ,-9.67,0.13 ,-9.67,3.14 ,-6.66,3.14

4: -6.66,6.40 ,-6.66,3.39 ,-9.67,3.39 ,-9.67,6.40 ,-6.66,6.40

5: -3.39;6.66 , -3.39;9.67 , -6.40;9.67 , -6.40;6.66 , -3.39;6.66
6: -3.39;3.39, -3.39;6.40 , -6.40;6.40 , -6.40;3.39 , -3.39;3.39
7: -3.39;0.13, -3.39;3.14 , -6.40;3.14 , -6.40;0.13 , -3.39;0.13
8: -3.39,3.14 ,-3.39,0.13 ,-6.40,0.13 ,-6.40,3.14 ,-3.39,3.14

9: -3.39,6.40 ,-3.39,3.39 ,-6.40,3.39 ,-6.40,6.40 ,-3.39,6.40

10: -3.39,9.67 ,-3.39,6.66 ,-6.40,6.66 ,-6.40,9.67 ,-3.39,9.67
11: -0.13;6.66 ,-0.13;9.67 , -3.14;9.67 , -3.14;6.66 , -0.13;6.66
12: -0.13;3.39,-0.13;6.40, -3.14;6.40 , -3.14;3.39 , -0.13;3.39
13: -0.13;0.13,-0.13;3.14 , -3.14;3.14 , -3.14;0.13 , -0.13;0.13
14: -0.13,3.14 ,-0.13,0.13 ,-3.14,0.13 ,-3.14,3.14 ,-0.13,3.14
15: -0.13,6.40 ,-0.13,3.39 ,-3.14,3.39 ,-3.14,6.40 ,-0.13,6.40
16: -0.13,9.67 ,-0.13,6.66 ,-3.14,6.66 ,-3.14,9.67 ,-0.13,9.67
17: 3.14,6.66, 3.149.67, 0.139.67, 0.136.66 , 3.146.66

18: 3.14,3.39, 3.146.40, 0.136.40, 0.133.39, 3.143.39

19: 3.14,0.13, 3.143.14, 0.133.14, 0.130.13, 3.140.13
20: 3.14,3.14, 3.14,0.13, 0.13,0.13, 0.13,3.14, 3.14,3.14
21: 3.14,6.40, 3.14,3.39, 0.13,3.39, 0.13,6.83(14,6.40

12
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22.
23:
24.
25:
26:.
27:
28.
29:
30:
31:
32.

3.14,9.67, 3.14,6.66, 0.13,6.66, 0.13,9.67, 3.14,9.67
6.40,6.66 , 6.409.67, 3.399.67, 3.396.66, 6.406.66
6.40;3.39, 6.406.40, 3.396.40, 3.393.39, 6.463.39
6.40,0.13, 6.403.14, 3.39;3.14, 3.390.13, 6.400.13
6.40,3.14, 6.40,0.13, 3.39,0.13, 3.39,3.14, 6.40,3.14
6.40,6.40, 6.40,3.39, 3.39,3.39, 3.39,6.40, 6.40,6.40
6.40,9.67, 6.40,6.66 , 3.39,6.66, 3.39,9.67, 6.40,9.67
967-3.39, 9.646.40, 6.666.40, 6.663.39, 9.673.39
9.67;0.13, 9.6+3.14, 6.663.14, 6.660.13, 9.6/0.13
9.67,3.14, 9.67,0.13, 6.66,0.13, 6.66,3.14, 9.67,3.14
9.67,6.40, 9.67,3.39, 6.66,3.39, 6.66,6.40, 9.67,6.40

13
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4.4 33 Actuator Segmented Annular Grid Actuator Pattern

¥ {rmrm)

A

\

zzze
=

-10

-5

i
H(mm)

5

10

NOTE: Actuatorsand are electrically connected to make tampatible with a set &?2-

channel drive electronics and stideable in beam shaping applications.

Mapping to 37-D Connectorand Software Channel

Version 1.11 12/22/2011

Act# | Software | Act# | Software 37D Act # 37D Act #
1 13 18 20 1 32 20 24
2 22 19 16 2 16 21 8
3 18 20 14 3 33 22 25
4 12 21 10 4 17 23 9
5 8 22 6 5 26 24 18
6 4 23 2 6 10 25 2
7 0 24 28 7 27 26 19
8 30 25 24 8 11 27 3
9 26 26 21 9 1 28 4

10 23 27 17 10 12 29 20
11 19 28 9 11 28 30 5

12 15 29 5 12 13 31 21
13 11 30 1 13 29 32 6

14 7 31 17 14 14 33 22
15 3 32 29 15 30 34 7

16 31 33 25 16 15 35 23
17 27

14
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Actuator Coordinates’t Xi,y1, X2,Y2,  (@1m)

1: -1.78,0.03 ,-1.74,0.37 ,-1.62,0.72 ,-1.44,1.04 ,-1.19,1.32 ,-0.89,1.54 ,-0.55,1.69 ,-0.19,1.77, 0.19,1.77 ,
0.55,1.69, 0.89,1.54, 1.19,1.32, 1.44,1.04, 1.62,0.72, 1.74,0.37, 1.78,0.000,37.741.620.72 ,
1.44:104, 1.191.32, 0.891.54, 0.551.69, 0.191.77,-0.19;1.77 , -0.55;1.69 , -0.89;1.54 , -
1.19;1.32,-1.44;1.04 , -1.62;0.72 , -1.74;0.37 , -1.78;0.00

2: -2.03;0.13,-1.98;0.46 , -1.88;0.78 , -1.72;1.08 , -1.52;1.35, -2.86;2.52 , -3.23;2.02 , -3.52;1.46 , -
3.71;0.86 , -3.80;0.24 , -2.03;0.13

3: -1.35;1.52,-1.08;1.72 ,-0.78;1.88 , -0.46;1.98 , -0.13;2.03 , -0.24:3.80 , -0.86;3.71 , -1.46;3.52 , -
2.02;3.23,-2.52;2.86 , -1.35;1.52

4: 0.13;2.03, 0.461.98, 0.781.88, 1.081.72, 1.351.52, 2.522.86, 2.023.23, 1.463.52, 0.863.71,
0.24;3.80, 0.132.03

5. 1.52;1.35, 1.721.08, 1.880.78, 1.980.46, 2.030.13, 3.800.24, 3.710.86, 3.52;1.46, 3.232.02,
2.86;2.52, 1.521.35

6: 2.03,0.13, 1.98,0.46, 1.88,0.78, 1.72,1.08, 1.52,1.35, 2.86,2.52, 3.23,2.02, 3.52,1.46, 3.71,0.86,
3.80,0.24, 2.03,0.13

7. 1.35,1.52, 1.08,1.72, 0.78,1.88, 0.46,1.9813,2.03, 0.24,3.80, 0.86,3.71, 1.46,3.52, 2.02,3.23,
2.52,2.86, 1.35,1.52

8: -0.13,2.03 ,-0.46,1.98 ,-0.78,1.88 ,-1.08,1.72 ,-1.35,1.52 ,-2.52,2.86 ,-2.02,3.23 ,-1.46,3.52 ,-0.86,3.71 ,
-0.24,3.80,-0.13,2.03

9: -1.52,1.35,-1.72,1.08 ,-1.88,0.78 ,-1.98,0.46 ,-2.03,0.13 ,-3.80,0.24 ,-3.71,0.86 ,-3.52,1.46 ,-3.23,2.02 ,
-2.86,2.52 ,-1.52,1.35

10: -4.06;0.13 , -3.97;0.85 , -3.75;1.55 , -3.41;2.21 , -2.96;2.78 , -4.26:4.00 , -4.91;3.17 , -5.40;2.24 , -
5.71;1.23,-5.84:0.18 , -4.06;0.13

11: -2.78;2.96 , -2.21;3.41, -1.55:3.75 , -0.85;3.97 , -0.13;4.06 , -0.18;5.84 , -1.23;5.71 , -2.24;5.40 , -
3.17;4.91, -4.00;4.26 , -2.78;2.96

12: 0.13:4.06, 0.853.97, 1.553.75, 2.213.41, 2.782.96, 4.004.26 , 3.174.91, 2.245.40, 1.235.71
, 0.18;5.84, 0.134.06

13: 2.96;2.78, 3.4%2.21, 3.751.55, 3.970.85, 4.060.13, 5.840.18, 5.7%11.23, 5.402.24, 4.91:3.17
, 4.26;4.00, 2.962.78

14: 4.06,0.13, 3.97,0.85, 3.75,1.55, 3.41,2.21, 2.96,2.78, 4.26,4.00, 4.91,3.17, 5.40,2.24, 5.71,1.23,
5.84,0.18 , 4.06,0.13

15: 2.78,2.96, 2.21,3.41, 1.55,3.75, 0.85,3.97, 0.13,4.06, 0.185335.71, 2.24,5.40, 3.17,4.91,
4.00,4.26 , 2.78,2.96

16: -0.13,4.06 ,-0.85,3.97 ,-1.55,3.75 ,-2.21,3.41 ,-2.78,2.96 ,-4.00,4.26 ,-3.17,4.91 ,-2.24,5.40 ,-1.23,5.71
, -0.18,5.84 ,-0.13,4.06

17: -2.96,2.78 ,-3.41,2.21 ,-3.75,1.55 ,-3.97,0.85 ,-4.06,0.13 ,-5.84,0.18 ,-5.71,1.23 ,-5.40,2.24 ,-4.91,3.17
, -4.26,4.00 ,-2.96,2.78

18: -6.09;0.13 , -5.97;1.25 , -5.63;2.33 , -5.10;3.33 , -4.40;4.22 , -5.68;5.45 , -6.59,-4.31 , -7.28;3.01 , -
7.71;1.62 ,-7.87;0.16 , -6.09:0.13

19: -4.22;4.40 , -3.33;5.10 , -2.33;5.63 , -1.25;5.97 , -0.13;6.09 , -0.16;7.87 , -1.62;7.71 , -3.01;7.28 , -
4.31;6.59 , -5.45;5.68 , -4.22;4.40

20: 0.136.09, 1.25;5.97 , 2.335.63, 3.335.10, 4.224.40, 5.455.68, 4.316.59, 3.017.28, 1.627.71
, 0.16;7.87, 0.136.09

21: 4.4044.22, 5.103.33, 5.632.33, 5.9%1.25, 6.090.13, 7.870.16, 7.7:1.62, 7.283.01, 659:4.31
, 5.68;5.45, 4.404.22

22: 6.09,0.13, 5.97,1.25, 5.63,2.33, 5.10,3.33, 4.40,4.22, 5.68,5.45, 6.59,4.31, 7.28,3.01, 7.71,1.62,
7.87,0.16 , 6.09,0.13

23: 4.22,4.40, 3.33,5.10, 2.33,5.63, 1.25,5.97, 0.13,6.0%,7®7, 1.62,7.71, 3.01,7.28, 4.31,6.59,
5.45,5.68, 4.22,4.40

24: -0.13,6.09 ,-1.25,5.97 ,-2.33,5.63 ,-3.33,5.10 ,-4.22,4.40 ,-5.45,5.68 ,-4.31,6.59 ,-3.01,7.28 ,-1.62,7.71
, -0.16,7.87 ,-0.13,6.09

25: -4.40,4.22 ,-5.103.33 , -5.63,2.33 ,-5.97,1.25 ,-6.09,0.13 ,-7.87,0.16 ,-7.71,1.62 ,-7.28,3.01 ,-6.59,4.31
, -5.68,5.45 ,-4.40,4.22
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26:

27:

28:

29:

30:

31:

32:

33:
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-8.13;0.13, -7.96;1.65 , -7.51;3.11 , -6.79;4.46 , -5.84;5.66 , -7.30;7.07 , -8.49;5.58 , -9.39;3.89 , -
9.95:2.06 , -10.16;0.16 , -8.13;0.13

-5.66;5.84 , -4.46:6.79 ,-3.11;7.51, -1.65:7.96 , -0.13:8.13, -0.16;10.16 , -2.06;9.95 , -3.89;9.39 , -
5.58:8.49 , -7.07;7.30 , -5.66;5.84

0.13,8.13, 1.657.96, 3.1:751, 4.466.79, 5.665.84, 7.0%7.30, 5.588.49, 3.899.39, 2.069.95
, 0.16;10.16, 0.138.13

5.84:5.66, 6.794.46 , 7.51:3.11, 7.961.65, 8.130.13, 10.160.16, 9.952.06, 9.393.89, 8.49,
5.58, 7.307.07, 5.845.66

8.13,0.13, 7.96,1.65, 7.51,3.11, 6.79,4.46, 5.84,5.66, 7.30,7.07, 8.49,5.58, 9.39,3.89, 9.95,2.06 ,
10.16,0.16, 8.13,0.13

5.66,5.84, 4.46,6.79, 3.11,7.51, 1.65,7.96, 0.13,8.13, 0.16,10.16 ,93.08%9,9.39, 5.58,8.49,
7.07,7.30, 5.66,5.84

-0.13,8.13 ,-1.65,7.96 ,-3.11,7.51 ,-4.46,6.79 ,-5.66,5.84 ,-7.07,7.30 ,-5.58,8.49 ,-3.89,9.39 ,-2.06,9.95
, -0.16,10.16 ,-0.13,8.13

-5.84,5.66 ,-6.79,4.46 ,-7.51,311 , -7.96,1.65 ,-8.13,0.13 ,-10.16,0.16 ,-9.95,2.06 ,-9.39,3.89 ,-
8.49,5.58 ,-7.30,7.07 ,-5.84,5.66

16
Version 1.11 12/22/2011



ANBS

www.aosllc.com

4.5 61 Hexagonal Grid Actuator Pattern

Ceect
setefotedel
G
leScloSote]

Y {mirn)

csclolcte
tlecececesc
G

# ()
Mapping to 37-D Connectors
37D1 37D2 37D1 37D2
37D pin Act # Act# | 37D pin Act # Act #

1 17 43 20 56 44
2 55 23 21 33 24
3 32 10 22 16 42
4 6 2 23 54 3

5 15 22 24 1 41
6 31 40 25 53 9

7 52 8 26 5 21
8 14 20 27 30 39
9 29 19 28 51 38
10 49 61 29 50 37
11 13 60 30 28 7

12 48 18 31 4 36
13 12 35 32 27 59
14 47 58 33 11 34
15 25 M 34 26 57
16 45 NC 35 46 NC

Actuator Coordinatesi Xi,y1, Xo,Y2,  (@m)

1. 0.68,1.18 -0.68,1.18 ,-1.37,0.00 ,-0.68;1.18, 0.681.18, 1.37,0.00, 0.68,1.18
2: 0.68,3.72 -0.68,3.72 ,-1.37,2.54 ,-0.68,1.36, 0.68,1.36, 1.37,2.54.68)3.72

3: 2.88,2.45, 1.52,2.45, 0.84,1.27, 1.52,0.09, 2.88,0.09, 3.56,1.27, 2.88,2.45
4. 2.88;0.09, 1.520.09, 0.841.27, 1.522.45, 2.882.45, 3.561.27, 2.880.09

5.
6
7
8:

0.68;1.36 , -0.68;1.36 , -1.37;2.54 , -0.68-3.72, 0.683.72, 1.37#2.54, 0.68]1.36

: -1.52;0.09, -2.88;0.09 , -3.56;1.27 , -2.88;2.45 , -1.52;2.45 , -0.84;1.27 , -1.52;0.09
0 -1.52,2.45 ,-2.88,2.45 ,-3.56,1.27 ,-2.88,0.09 ,-1.52,0.09 ,-0.84,1.27 ,-1.52,2.45

0.68,6.26 -0.68,6.26 ,-1.37,5.08 -068390 0.68,3.90, 1.37,5.08, 0.68,6.26
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9:

10
11
12
13
14
15

16:
17:
18:
19:
20:
21:
22:
23:
24.
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44:
45:
46:
47:
48:
49:
50:
51:
52:
53:
54:
55:
56:
57:
58:

ANBS

www.aosllc.com
2.88,4.99, 152,499, 0.84,3.81, 1.52,2.63, 2.88,2.63, 3.56,3.81, 2.88,4.99
: 5.08,3.72, 3.72,3.72, 3.04,2.54, 3.72,1.36, 5.08,153®%,2.54, 5.08,3.72
: 5.08,1.18, 3.72,1.18, 3.04,0.00, 31728, 5.081.18, 5.76,0.00, 5.08,1.18
: 5.08;1.36, 3.721.36, 3.042.54, 3.723.72, 5.083.72, 5.762.54, 5.08]1.36
1 2.88,2.63, 1.522.63,0.84;3.81, 1.524.99, 2.884.99, 3.563.81, 2.882.63
1 0.68;3.90, -0.68;3.90, -1.37;5.08 , -0.68;6.26 , 0.686.26, 1.3+5.08, 0.683.90
1 -1.52;2.63,-2.88;2.63 , -3.56;3.81 , -2.88;4.99 , -1.52;4.99 , -0.84-3.81 , -1.52;2.63
-3.72;1.36 , -5.08;1.36 , -5.76;2.54 , -5.08;3.72 , -3.72;3.72 , -3.04;2.54 , -3.72;1.36
-3.72,1.18 ,-5.08,1.18 ,-5.76,0.00 ,-5.08;1.18 , -3.72;1.18 , -3.04,0.00 ,-3.72,1.18
-3.72,3.72 ,-5.08,3.72 ,-5.76,2.54 ,-5.08,1.36 ,-3.72,1.36 ,-3.04,2.54 ,-3.72,3.72
-1.52,4.99 ,-2.88,4.99 ,-3.56,3.81 ,-2.88,2.63 ,-1.52,2.63 ,-0.84,3.81 ,-1.52,4.99
0.68,8.80 -0.68,8.80 ,-1.37,7.62 ,-0.68,6.44 , 0.68,6.441.37,7.62, 0.68,8.80
2.88,7.53, 1.52,7.53, 0.84,6.35, 1.52,5.17, 2.88,5.17, 3.56,6.35, 2.88,7.53
5.08,6.26 , 3.72,6.26, 3.04,5.08, 3.72,3.90, 5.08,3.90, 5.76,5.08, 5.08,6.26
7.28,4.99, 5.92,4.99, 5.23,3.88.92,2.63, 7.28,2.63, 7.96,3.81, 7.28,4.99
7.28,2.45, 5.92,2.45, 5.23,1.27, 5.92,0.09, 7.28,0.09, 7.96,1.27, 7.28,2.45
7.280.09, 5.920.09, 5.231.27, 5.922.45, 7.282.45, 7.961.27, 7.280.09
7.282.63, 5.922.63, 5.233.81, 5.924.99, 7.284.99, 7.963.81, 7.282.63
5.08;3.90, 3.723.90, 3.045.08, 3.726.26, 5.086.26, 5.765.08, 5.083.90
2.885.17, 1.525.17, 0.846.35, 1.527.53, 2.887.53, 3.566.35, 2.885.17
0.686.44 ,-0.68;6.44 ,-1.37;7.62 , -0.68;8.80, 0.688.80, 1.3%#/.62, 0.686.44
-1.52:;5.17 ,-2.88;5.17 , -3.56;6.35 , -2.88;7.53 , -1.52:7.53 , -0.84;6.35 , -1.52;5.17
-3.72-3.90, -5.08;3.90, -5.76;5.08 , -5.08;:6.26 , -3.72;6.26 , -3.04;5.08 , -3.72;3.90
-5.92;2.63, -7.28;2.63 ,-7.96;3.81 , -7.28;4.99 , -5.92;4.99 , -5.23;3.81 , -5.92;2.63
-5.92;0.09, -7.28;0.09 , -7.96;1.27 , -7.28;2.45 , -5.92;2.45 , -5.23;1.27 , -5.92;0.09
-5.92,2.45 ,-7.28,2.45 ,-7.96,1.27 ,-7.28,0.09 ,-5.92,0.09 ,-5.23,1.27 ,-5.92,2.45
-5.92,4.99 ,-7.28,4.99 ,-7.96,3.81 ,-7.28,2.63 ,-5.92,2.63 ,-5.23,3.81 ,-5.924.99
-3.72,6.26 ,-5.08,6.26 ,-5.76,5.08 ,-5.08,3.90 ,-3.72,3.90 ,-3.04,5.08 ,-3.72,6.26
-1.52,7.53 ,-2.88,7.53 ,-3.56,6.35 ,-2.88,5.17 ,-1.52,5.17 ,-0.84,6.35 ,-1.52,7.53
0.68,11.34 ;0.68,11.34 ,-1.37,10.16 ,-0.68,8.98 , 0.68,8.98, 1.37,10.16, 0.68,11.34
2.88,10.07, 1.52,10.07, 0.84,8.89, 1.52,7.71, 2.88,7.71, 3.56,8.89, 2.88,10.07
5.08,8.80, 3.72,8.80, 3.04,7.62, 3.72,6.848,6.44, 5.76,7.62 , 5.08,8.80
7.28,7.53, 5.92,7.53, 5.23,6.35, 5.92,5.17, 7.28,5.17, 7.96,6.35, 7.28,7.53
9.48,6.26 , 8.12,6.26, 7.43,5.08, 8.12,3.90, 9.48,3.90, 10.16,5.08, 9.48,6.26
9.48,3.72, 8.12,3.727,43,2.54 , 8.12,1.36, 9.48,1.36, 10.16,2.54, 9.48,3.72
9.48,1.18, 8.12,1.18, 7.43,0.00, 81128, 9.481.18, 10.16,0.00, 9.48,1.18
9.48;,1.36, 8.121.36, 7.432.54, 8.123.72, 9.483.72, 10.162.54, 9.481.36
9.48,3.90, 8.123.90, 7.435.08, 8.126.26, 9.486.26, 10.165.08, 9.483.90
7.285.17 , 5.925.17, 5.236.35, 5.927.53, 7.287.53, 7.966.35, 7.285.17
5.08,6.44, 3.726.44 , 3.047.62,3.72;8.80, 5.088.80, 5.76/.62, 5.086.44
2.887.71, 1.52/7.71, 0.848.89, 1.5210.07, 2.8810.07, 3.568.89, 2.88/7.71
0.688.98 , -0.68;8.98 ,-1.37;710.16 ,-0.68;11.34, 0.6811.34, 1.3710.16, 068-8.98
-1.52;7.71 ,-2.88;7.71 , -3.56;:8.89 , -2.88;10.07 ,-1.52:10.07 ,-0.84;8.89 , -1.52;7.71
-3.72;6.44 , -5.08;6.44 , -5.76;7.62 , -5.08;8.80 , -3.72;8.80 , -3.04;7.62 , -3.72;6.44
-5.92;5.17,-7.28;5.17 ,-7.96;6.35 , -7.28;7.53 , -5.92;7.53 , -5.23;6.35 , -5.92;5.17
-8.12:3.90, -9.48;3.90, -10.16;5.08 , -9.48:6.26 , -8.12;6.26 , -7.43;5.08 , -8.12:3.90
-8.12:1.36, -9.48;1.36 , -10.16;2.54 , -9.48;:3.72 , -8.12:3.72 , -7.43;2.54 , -8.12;1.36
-8.12,1.18 ,-9.48,1.18 ,-10.16,0.00 ,-9.48;1.18 , -8.12;1.18 , -7.43,0.00 ,-8.12,1.18
-8.12,3.72 ,-9.48,3.72 ,-10.16,2.54 ,-9.48,1.36 ,-8.12,1.36 ,-7.43,2.54 ,-8.12,3.72
-8.12,6.26 ,-9.48,6.26 ,-10.16,5.08 ,-9.48,3.90 ,-8.12,3.90 ,-7.43,5.08 ,-8.12,6.26
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59: -5.92,7.53 ,-7.28,7.53 ,-7.96,6.35 ,-7.28,5.17 ,-5.92,5.17 ,-5.23,6.35 ,-5.92,7.53
60: -3.72,8.80 ,-5.08,8.80 ,-5.76,7.62 ,-5.08,6.44 ,-3.72,6.44 ,-3.04,7.62 ,-3.72,8.80
61: -1.52,10.07 ,-2.88,10.07 ,-3.56,8.89 ,-2.88,7.71 ,-1.52,7.71 ,-0.84,8.89 ,-1.52,10.07
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4.6 59 Segmented Annular Grid Actuator Pattern

S,
AR

£ @6%75@@
s eeg

-10 4 a g 10

(mm)
Mapping to 37-D Connectors

37D1 37D2 37D1 37D2
37D pin Act # Act# | 37D pin Act # Act #

1 2 14 20 1 6

2 42 51 21 10 23

3 18 7 22 28 35

4 11 52 23 3 15

5 29 24 24 43 36

6 44 37 25 19 53

7 45 25 26 30 54

8 31 55 27 20 38

9 4 16 28 46 8

10 21 39 29 12 56
11 32 57 30 47 26
12 33 58 31 48 40
13 22 27 32 49 17
14 50 59 33 34 41

15 5 M 34 13 9
16 NC NC 35 NC NC

Actuator Coordinatesi Xi,yi1, X2,y2,  (€m)

1: -1.70,0.03 ,-1.67,0.35 ,-1.55,0.69 ,-1.38,1.00 ,-1.14,1.27 ,-0.85,1.47 ,-0.53,1.62 ,-0.18,1.69, 0.18,1.69,
0.53,1.62, 0.85,1.47, 1.14,1.27, 1.38,1.00, 1.55,0.69, 1.67,0.35, 1.70,0.060,35.67}.550.69 , 1.38,
100, 1.141.27, 0.851.47, 0.531.62, 0.181.69,-0.18;1.69, -0.53;1.62 ,-0.85;1.47 , -1.14;1.27 , -
1.38;1.00, -1.55;0.69 , -1.67:0.35 , -1.70,0.00

2: -1.90;0.10, -1.86;0.42 ,-1.76;0.73 , -1.61;1.02 , -1.42;1.27 , -2.68;2.41 , -3.05;1.92 , -3.33;1.38 , -
3.52;0.80, -3.60;0.19 , -1.90;0.10
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3: -1.27:1.42 ,-1.02;1.61,-0.73;1.76 , -0.42;1.86 , -0.10;1.90 , -0.19;3.60 , -0.80;3.52 , -1.38:3.33 , -
1.92;3.05,-2.41;2.68,-1.27:1.42
4: 0.10;1.90, 0.421.86, 0.731.76, 1.021.61, 1.271.42, 2.412.68, 1.923.05, 1.383.33, 0.803.52,
0.19;3.60, 0.16.1.90
5: 1.42:1.27, 1.611.02, 1.760.73, 1.860.42, 1.900.10, 3.600.19, 3.520.80, 3.33;1.38, 3.051.92,
2.68;2.41, 1.421.27
6: 1.90,0.10, 1.86,0.42, 1.76,0.73, 1.61,1.02, 1.42,1.27, 2.68,2.41, 3.05,1.92, 3.33,1.38, 3.52,0.80,
3.60,0.19, 1.90,0.10
7: 1.27,1.42, 1.02,1.61, 0.73,1.76 , 0.42,1.8610,1.90, 0.19,3.60, 0.80,3.52, 1.38,3.33, 1.92,3.05,
2.41,2.68, 1.27,1.42
8: -0.10,1.90 ,-0.42,1.86 ,-0.73,1.76 ,-1.02,1.61 ,-1.27,1.42 ,-2.41,2.68 ,-1.92,3.05 ,-1.38,3.33 ,-0.80,3.52,
-0.19,3.60 ,-0.10,1.90
9: -1.421.27 ,-1.61,1.02 ,-1.76,0.73 ,-1.86,0.42 ,-1.90,0.10 ,-3.60,0.19 ,-3.52,0.80 ,-3.33,1.38 ,-3.05,1.92,
-2.68,2.41 ,-1.42,1.27
10: -3.81;0.10, -3.73;0.79 , -3.52:1.46 , -3.20;2.07 , -2.77;2.62 , -4.00;3.79 , -4.62;3.00 , -5.09;2.11 , -
5.39;1.15, -5.51;0.15 , -3.81;0.10
11: -2.62;2.77 ,-2.07;3.20, -1.46:3.52 , -0.79;3.73 , -0.10;3.81 , -0.15;5.51 , -1.15;5.39 , -2.11;5.09 , -
3.00;4.62 , -3.79;4.00 , -2.62:2.77
12: 0.10,3.81, 0.793.73, 1.46;3.52, 2.0%3.20, 2.622.77, 3.794.00, 3.004.62 , 2.115.09, 1.155.39
, 0.15;5.51, 0.103.81
13: 2.77:2.62, 3.202.07, 3.521.46, 3.730.79, 3.8:0.10, 5.51-0.15, 5.391.15, 5.092.11, 4.623.00
, 4.00;3.79, 2.772.62
14: 3.81,0.10, 3.73,0.79, 3.52,1.46, 3.20,2.07, 2.77,2.62, 4.00,3.79, 4.62,3.00, 5.09,2.11, 5.39,1.15,
5.51,0.15, 3.81,0.10
15: 2.62,2.77, 2.07,3.20, 1.46,3.52, 0.79,3.73, 0.10,3.81, 0.156F4,5.39, 2.11,5.09, 3.00,4.62,
3.79,4.00, 2.62,2.77
16: -0.10,3.81 ,-0.79,3.73 ,-1.46,3.52 ,-2.07,3.20 ,-2.62,2.77 ,-3.79,4.00 ,-3.00,4.62 ,-2.11,5.09 ,-1.15,5.39
, -0.15,5.51 ,-0.10,3.81
17: -2.77,2.62 ,-3.20,2.07 ,-3.52,1.46 ,-3.73,0.79 ,-3.81,0.10 ,-5.51,0.15 ,-5.39,1.15 ,-5.09,2.11 ,-4.62,3.00
, -4.00,3.79 ,-2.77,2.62
18: -5.71;0.10, -5.58;1.22 , -5.24:2.29 , -4.68;3.28 , -6.08;4.25 , -6.79;2.98 , -7.25;1.59 , -7.42;0.13 , -
5.71:0.10
19: -4.56:3.44 , -3.80;4.27 , -2.89:4.93 ,-1.86;5.40 , -2.42;7.01 , -3.75;6.40 , -4.93;5.54 , -5.92:4.46 , -
4.56:3.44
20: -1.67:5.47 ,-0.56;5.69 , 0.565.69, 1.6%5.47, 2.17%7.09, 0.737.38,-0.73;7.38 ,-2.17:7.09 , -1.67:
5.47
21: 1.86;5.40, 2.894.93, 3.804.27, 4.563.44 , 5.924.46 , 4.935.54, 3.756.40, 2.427.01, 1.865.40
22: 4.68;3.28, 5.242.29, 5581.22 , 5.7:0.10, 7.420.13, 7.251.59, 6.792.98, 6.8,-4.25, 4.683.28
23: 5.71,0.10, 5.58,1.22, 5.24,2.29, 4.68,3.28, 6.08,4.25, 6.79,2.98, 7.25,1.59, 7.42,0.13, 5.71,0.10
24: 456,3.44, 3.80,4.27, 2.89,4.93, 1.86,5.40, 2.42,7.01, 3.75,6.40, 4.93,5.54, 5.92,4,3614 4.56
25: 1.67,5.47 , 0.56,5.69-0.56,5.69 ,-1.67,5.47 ,-2.17,7.09 ,-0.73,7.38, 0.73,7.38, 2.17,7.09, 1.67,5.47
26: -1.86,5.40 ,-2.89,4.93 ,-3.80,4.27 ,-4.56,3.44 ,-5.92,4.46 ,-4.93,5.54 ,-3.75,6.40 ,-2.42,7.01 ,-1.86,540
27: -4.68,3.28 ,-5.24,2.29 ,-5.58,1.22 ,-5.71,0.10 ,-7.42,0.13 ,-7.25,1.59 ,-6.79,2.98 ,-6.08,4.25 ,-4.68,3.28
28: -7.62:0.10 , -7.53;1.17 ,-7.29;2.21 , -6.91;3.21 , -8.45;3.93 , -8.92:2.71 ,-9.21:1.43 , -9.32;0.12 , -
7.62:0.10
29: -6.82:3.40 , -6.28;4.32 ,-5.61;5.16 , -4.83;5.89 , -5.91;7.21 , -6.86:6.31 , -7.68:5.29 , -8.34;4.16 , -
6.82:3.40
30: -4.67:6.02 , -3.78;6.62 ,-2.81;7.08 , -1.79;7.41 , -2.19;9.06 , -3.44:8.66 , -4.63:8.09 , -5.71;7.37 , -
4.67:6.02
31: -1.60;7.45,-0.54;7.60, 0.547.60, 1.607.45, 1.959.12, 0.669.30, -0.66;9.30 , -1.95;9.12, -1.60;
7.45
32: 1.79;7.41, 2.8L7.08, 3.786.62 , 4.676.02, 5.717.37, 4.638.09, 3.448.66, 2.199.06, 1.797.41
33: 4.83,5.80, 5.615.16, 6.284.32, 6.823.40, 8.344.16, 7.685.29, 6.866.31, 5.9:7.21, 4.835.89
34: 6.91;3.21, 7.292.21, 7.531.17, 7.620.10, 9.320.12, 9.21:1.43, 8.922.71, 8.453.93, 6.91:3.21
35: 7.62,0.10, 7.53,1.17, 7.29,2.21, 6.91,3.21, 8.45,3.93, 8.92,2.71, 9.21,1.43, 9.3262,0210
36: 6.82,3.40, 6.28,4.32, 5.61,5.16, 4.83,5.89, 5.91,7.21, 6.86,6.31, 7.68,5.29, 8.34,4.16, 6.82,3.40
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46:
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59:
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: 4.67,6.02, 3.78,6.62, 2.81,7.08, 1.79,7.41, 2.19,9.06, 3.44,8.66, 4.63,8.09, 5.71,7.37, 4.67,6.02
: 1.60,7.45, 0.54,7.60-0.54,7.60 ,-1.60,7.45 ,-1.95,9.12 ,-0.66,9.30, 0.66,9.30, 1.95,9.12, 1.60,7.45
-1.79,7.41 ,-2.81,7.08 ,-3.78,6.62 ,-4.67,6.02 ,-5.71,7.37 ,-4.63,8.09 ,-3.44,8.66 ,-2.19,9.06 ,-1.79,7.41
-483,5.89,-5.61,5.16 ,-6.28,4.32 ,-6.82,3.40 ,-8.34,4.16 ,-7.68,5.29 ,-6.86,6.31 ,-5.91,7.21 ,-4.83,5.89
-6.91,3.21 ,-7.29,2.21 ,-7.53,1.17 ,-7.62,0.10 ,-9.32,0.12 ,-9.21,1.43 ,-8.92,2.71 ,-8.45,3.93 ,-6.91,3.21
-9.52:0.10, -9.38;1.65 , -8.98:3.16 , -10.78;3.80 , -11.26;1.98 , -11.43;0.12 , -9.52:0.10
-8.91;3.35, -8.25;4.76 , -7.36:6.04 , -8.83:7.25, -9.90;5.71 , -10.70;4.02 , -8.91;3.35
-7.23;6.20 ,-6.12;7.30 , -4.85:8.20 , -5.82:9.84 , -7.35;8.76 , -8.68:7.44 , -7.23:6.20
-4.67;8.30, -3.26;8.95 , -1.75;9.36 , -2.11;11.23,-3.91:10.74 , -5.61:9.96 , -4.67;8.30
-1.55:9.40, 0.009.53, 1.559.40, 1.8711.28, 0.0011.43,-1.87;11.28 ,-1.55:9.40
1.759.36, 3.268.95, 4.678.30, 5.619.96, 3.91:10.74, 2.1311.23, 1.759.36
4.85:8.20, 6.127.30, 7.236.20, 8.687.44, 7.358.76, 5.829.84, 4.858.20
7.36:6.04 , 8.254.76, 8.91:3.35, 10.764.02, 9.905.71, 8.837.25, 7.366.04
8.98:3.16, 9.381.65, 9.520.10, 11.430.12, 11.261.98, 10.783.80, 8.983.16
9.52,0.10, 9.38,1.65, 8.98,3.16, 10.78,3.80, 11.26,1.983,12, 9.52,0.10
8.91,3.35, 8.25,4.76, 7.36,6.04, 8.83,7.25, 9.90,5.71, 10.70,4.02, 8.91,3.35
7.23,6.20, 6.12,7.30, 4.85,8.20, 5.82,9.84, 7.35,8.76, 8.68,7.44, 7.23,6.20
4.67,8.30, 3.26,8.95, 1.75,9.36.11211.23, 3.91,10.74, 5.61,9.96 , 4.67,8.30
1.55,9.40, 0.00,9.53-1.55,9.40 ,-1.87,11.28, 0.00,11.43, 1.87,11.28, 1.55,9.40
-1.75,9.36 ,-3.26,8.95 ,-4.67,8.30 ,-5.61,9.96 ,-3.91,10.74 ,-2.11,11.23 ,-1.75,9.36
-4.85,8.20 ,-6.12,7.30 ,-7.23,6.20 ,-8.68,7.44 ,-7.35,8.76 ,-5.82,9.84 ,-4.85,8.20
-7.36,6.04 ,-8.25,4.76 ,-8.91,3.35 ,-10.70,4.02 ,-9.90,5.71 ,-8.83,7.25 ,-7.36,6.04
-8.98,3.16 ,-9.38,1.65 ,-9.52,0.10 ,-11.43,0.12 ,-11.26,1.98 ,-10.78,3.80 ,-8.98,3.16
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1 26 35?
gl L
n ‘ 1?‘ 25| 34 43‘ 51‘
4] 9 16| 24| 33|| 42| 50|| &7
S 3| 8 15| 23| 32| #1| 49| =8| &1
E af| 2| 7| 14| 22| 31| 40| 48| s5| e0
-
-2" 1‘ B (| 13| 21| 3of a=m|| 47 54‘ 59‘
+ e ][ 2] 2of 2of a sl s
1 ‘ 11‘ 19] 28 3?‘ 45‘
R L
18| 27| =®
-101 —
10 0 5 10
K {mm)
Mapping to 37-D Connectors
37D1 37D2 37D1 37D2
37D pin Act # Act# | 37D pin Act # Act #
1 1 61 20 2 60
2 6 56 21 7 55
3 4 58 22 5 57
4 13 49 23 14 48
5 11 51 24 12 50
6 21 41 25 22 40
7 18 44 26 20 42
8 30 32 27 19 43
9 27 34 28 29 33
10 31 23 29 28 35
11 36 24 30 37 25
12 39 15 31 38 26
13 46 17 32 45 16
14 52 9 33 47 10
15 54 3 34 53 8
16 NC NC 35 59 M
Actuator Coordinatesi Xi,y1, Xo,Y2,  (@m)

1: -17.04;2.54 , -17.04;7.12 , -21.62;7.12 , -21.62;2.54 , -17.04;2.54
0 -17.04,2.29 ,-17.04;2.29 , -21.62;2.29 , -21.62,2.29 ,-17.04,2.29
0 -17.04,7.12 ,-17.04,2.54 ,-21.62,2.54 ,-21.62,7.12 ,-17.04,7.12

0 -12.21;12.21 ,-12.21;16.79 ,-16.79;16.79 ,-16.79;12.21 ,-12.21;12.21

0 -12.21;7.38 ,-12.21;11.95 ,-16.79;11.95 , -16.79;7.38 , -12.21;7.38

0 -12.21,2.29 ,-12.21;2.29 , -16.79;2.29 , -16.79,2.29 ,-12.21,2.29
0 -12.21,7.12 -12.21,2.54 ,-16.79,2.54 ,-16.79,7.12 ,-12.21,7.12
-12.21,11.95 -12.217.38 , -16.79,7.38 ,-16.79,11.95 -12.21,11.95

2:
3
4
5
6: -1221-2.54 ,-12.21;7.12 ,-16.79;7.12 ,-16.79;2.54 , -12.21;2.54
7
8
9:
1

0: -12.21,16.79 ,-12.21,12.21 -16.79,12.21 -16.79,16.79 ,-12.21,16.79
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11:
12:
13:
14
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44.
45:
46:
47
48:
49:
50:
51:
52:
53:
54:
55:
56:
57:
58:
59:
60:
61:

-7.38;12.21 ,-7.38;16.79 ,-11.95;16.79 , -11.95;12.21 , -7.38;12.21
-7.38;7.38 ,-7.38;11.95,-11.95;11.95, -11.95;7.38 , -7.38;7.38
-7.38;2.54 ,-7.38;7.12 ,-11.95;7.12 , -11.95;2.54 , -7.38;2.54
-7.38,2.29 ,-7.38;2.29 , -11.95;2.29 , -11.95,2.29 ,-7.38,2.29
-7.38,7.12 ,-7.38,2.54 ,-11.95,2.54 ,-11.95,7.12 ,-7.38,7.12
-7.38,11.95 ,-7.38,7.38 ,-11.95,7.38 ,-11.95,11.95 ,-7.38,11.95
-7.38,16.79 ,-7.38,12.21 ,-11.95,12.21 -11.95,16.79 ,-7.38,16.79
-2.54;17.04 ,-2.54;21.62 ,-7.12;21.62 ,-7.12;17.04 ,-2.54-17.04
-2.54;12.21 ,-2.54;16.79 ,-7.12;16.79 ,-7.12;12.21 ,-2.54;12.21
-2.54;7.38 ,-2.54;11.95 ,-7.12;11.95 ,-7.12;7.38 , -2.54;7.38
-2.54:2.54 ,-254;7.12 ,-7.12;7.12 ,-7.12;2.54 , -2.54;2.54
-2.54,2.29 ,-2.54;2.29 ,-7.12;2.29 ,-7.12,2.29 ,-2.54,2.29
-2.54,7.12 ,-2.54,2.54 ,-7.12,2.54 ,-7.12,7.12 ,-2.54,7.12
-2.54,11.95 ,-2.54,7.38 ,-7.12,7.38 ,-7.12,11.95 ,-2.54,11.95
-2.54,16.79 ,-2.54,12.21 ,-7.12,12.21 ,-7.12,16.79 ,-2.54,16.79
-2.54,21.62 ,-2.54,17.04 ,-7.12,17.04 ,-7.12,21.62 ,-2.54,21.62
2.29%17.04, 2.2921.62 ,-2.29;21.62 ,-2.29;17.04 , 2.2917.04
2.29%12.21,2.29;16.79 ,-2.29;16.79 ,-2.29;12.21 , 2.2912.21
2.29%7.38, 2.2911.95,-2.29;11.95,-2.29;7.38 , 2.297.38
2.292.54, 2.297.12 ,-2.29;7.12 ,-2.29;2.54 , 2.292.54
2.29,2.29, 2.29.29,-2.29;2.29, -2.29,2.29, 2.29,2.29
2.29,7.12, 2.29,2.54-2.29,2.54 ,-2.29,7.12, 2.29,7.12
2.29,11.95, 2.29,7.382.29,7.38 ,-2.29,11.95, 2.29,11.95
2.29,16.79, 2.29,12.232.29,12.21 ,-2.29,16.79, 2.29,16.79
2.8,21.62, 2.29,17.04-2.29,17.04 ,-2.29,21.62, 2.29,21.62
7.12,17.04 , 7.1221.62, 2.5421.62, 2.5417.04, 7.1217.04
7.12;12.21, 7.1216.79, 2.5416.79, 2.5412.21, 7.1212.21
7.12,7.38, 7.1211.95,2.54;11.95, 2.547.38, 7.12,7.38
7.12:2.54 , 7.127.12, 2.547.12 , 2.542.54, 7.122.54
7.12,2.29, 7.12.29, 2.542.29, 2.54,2.29, 7.12,2.29
7.12,7.12, 7.12,2.54, 254,254, 2.54,7.12, 7.12,7.12
7.12,11.95, 7.12,7.38, 2.54,7.38, 2.54,11.95, 7.12,11.95
7.12,16.79, 7.12,12.21, 2.54,12.21, 2.54,16.79, 7.12,16.79
7.12,21.62, 7.12,17.04, 2.54,17.04, 2.54,21.62, 7.12,21.62
11.9512.21, 11.9516.79, 7.3816.79, 7.3812.21, 11.95]12.21
11.95,7.38, 11.9511.95, 7.3811.95, 7.387.38, 11.957.38
11.952.54, 11.957.12, 7.387.12, 7.382.54, 11.952.54
11.95,2.29, 11.92.29, 7.382.29, 7.38,2.29, 195,2.29
11.95,7.12, 11.95,2.54, 7.38,2.54, 7.38,7.12, 11.95,7.12
11.95,11.95, 11.95,7.38, 7.38,7.38, 7.38,11.95, 11.95,11.95
11.95,16.79, 11.95,12.21, 7.38,12.21, 7.38,16.79, 11.95,16.79
16.79:12.21, 16.9,-16.79, 12.2%16.79, 12.2312.21, 16.7912.21
16.79,7.38, 16.7911.95, 12.2111.95, 12.217.38, 16.797.38
16.792.54 , 16.797.12, 12.217.12, 12.232.54, 16.792.54
16.79,2.29, 16.72.29, 12.232.29, 12.21,2.29, 16.79,2.29
16.79,7.12, 16.79,2.54 , 12.21,2.54, 12.21,7.12, 16.79,7.12
16.79,11.95, 16.79,7.38, 12.21,7.38, 12.21,11.95, 16.79,11.95
16.79,16.79, 16.79,12.2112.21,12.21, 12.21,16.79, 16.79,16.79
21.622.54, 21.627.12, 17.047.12, 17.042.54 , 21.622.54
21.62,2.29, 21.62,29, 17.042.29, 17.04,2.29, 21.62,2.29
21.62,7.12, 21.62,2.54, 17.04,2.54, 17.04,72P62,7.12
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5 Appendi x B: 20 MDM Actuator Patte

5.1 61 Hexagonal Grid Actuator Pattern

(i)

-20 -10 a 10 20

Mapping to 37-D Connectors
Same as 10 Version

Actuator Coordinates’i Xi,y1, X2,Y2,  (@1m)

1: 1.41,2.44 -1.41,2.44 ,-2.81,0.00 ,-1.41;2.44 , 1.412.44, 2.81,0.00 , 1.41,2.44

2: 1.41,7.53 -1.41,7.53 ,-2.81,5.09 ,-1.41,2.66 , 1.41,2.66, 2.81,5.09, 1.41,7.53

3: 5.82,4.98, 3.00,4.98, 1.60,2.55, 3.00,0.11, 5.82,0.11, 7.23,2.55, 5.82,4.98

4: 5.82;0.11, 3.000.11, 1.602.55, 3.004.98, 5.824.98, 7.232.55, 5.820.11

5: 1.41,2.66 ,-1.41;2.66 ,-2.81;5.09 ,-1.41;7.53,1.41;7.53, 2.815.09, 1.412.66

6: -3.00;0.11 , -5.82;0.11 , -7.23;2.55 , -5.82;4.98 , -3.00;4.98 , -1.60;2.55 , -3.00;0.11

7: -3.00,4.98 ,-5.82,4.98 ,-7.23,2.55 ,-5.82,0.11 ,-3.00,0.11 ,-1.60,2.55 ,-3.00,4.98

8: 1.4112.63,-1.41,12.63 -2.81,10.19 -1.41,7.75, 1.41,7.75, 2.81,10.19, 1.41,12.63

9: 5.82,10.08, 3.00,10.08, 1.60,7.64, 3.00,5.20, 5.82,5.20, 7.23,7.64, 5.82,10.08

10: 10.23,7.53, 7.42,7.53, 6.01,5.09, 7.42,2.66, 10.23,2.6654,5.09, 10.23,7.53

11: 10.23,2.44, 7.42,2.44, 6.01,0.00 , 72424, 10.232.44, 11.64,0.00, 10.23,2.44

12: 10.232.66, 7.422.66, 6.015.09, 7.427.53, 10.237.53, 11.645.09, 10.232.66

13: 5.82;5.20, 300;5.20, 1.607.64, 3.0010.08 , 5.8210.08 , 7.237.64, 5.825.20

14: 1.41,7.75,-1.41;7.75,-2.81;10.19 ,-1.41;12.63, 1.4312.63, 2.8310.19, 1.4%/.75

15: -3.00;5.20 , -5.82;5.20 , -7.23;7.64 , -5.82;10.08 , -3.00;10.08 , -1.60;7.64 , -3.00;5.20

16: -7.42;2.66 , -10.23;2.66 , -11.64;5.09 , -10.23;7.53 , -7.42;7.53 , -6.01;5.09 , -7.42;2.66
17: -7.42,2.44 -10.23,2.44 -11.64,0.00 ,-10.23;2.44 , -7.42;2.44 , -6.01,0.00 ,-7.42,244

18: -7.42,7.53 ,-10.23,7.53 ,-11.64,5.09 ,-10.23,2.66 ,-7.42,2.66 ,-6.01,5.09 ,-7.42,7.53

19: -3.00,10.08 ,-5.82,10.08 ,-7.23,7.64 ,-5.82,5.20 ,-3.00,5.20 ,-1.60,7.64 ,-3.00,10.08

20: 1.41,17.72 ;1.41,17.72 -2.81,1528 , -1.41,12.85, 1.41,12.85, 2.81,15.28 , 1.41,17.72
21: 5.82,15.17, 3.00,15.17, 1.60,12.73, 3.00,10.30, 5.82,10.30, 7.23,12.73, 5.82,15.17
22: 10.23,12.63, 7.42,12.63, 6.01,10.19, 7.42,7.75, 10.23,7.75, 11.64,10. 112882

23: 14.64,10.08, 11.83,10.08, 10.42,7.64, 11.83,5.20, 14.64,5.20, 16.05,7.64, 14.64,10.08
24: 14.64,4.98, 11.83,4.98, 10.42,2.55, 11.83,0.11, 14.64,0.11, 16.05,2.55, 14.64,4.98

25
Version 1.11 12/22/2011



25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
. -11.83,10.08 ,-14.64,10.08 -16.05,7.64 ,-14.64,5.20 ,-11.83,5.20 ,-10.42,7.64 ,-11.83,10.08
36:
37:
38:
39:
40:
41:
42:
43:
44
45:
46:
47:
48:
49:
50:
51:
52:
53:
54.
55:
56:
57:
58:
59:
60:
61:
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14.640.11, 11.830.11, 10.422.55, 11.834.98, 14.644.98, 16.052.55, 14.640.11
14.645.20 , 11.835.20, 10.427.64, 11.8310.08, 14.6410.08, 16.057.64 , 14.645.20
10.23,7.75, 7.427.75, 6.0:10.19, 7.4212.63, 10.2312.63,11.64;10.19, 10.237.75
5.82:10.30, 3.0610.30, 1.6612.73, 3.0015.17 , 5.8215.17, 7.2312.73, 5.8210.30
1.41,12.85,-1.41;12.85,-2.81;15.28 ,-1.41;17.72 , 1.4:17.72, 2.8115.28 , 1.4112.85
-3.00710.30 ,-5.82;10.30 , -7.23;12.73 , -5.82;15.17 , -3.00;15.17 , -1.60;12.73 , -3.00510.30
-7.42;7.75 ,-10.23;7.75 , -11.64;10.19 , -10.23;12.63 , -7.42;12.63 , -6.01;10.19 , -7.42:7.75
-11.83;5.20 , -14.64;5.20 , -16.05;7.64 , -14.64:10.08 , -11.83;10.08 , -10.42;7.64 , -11.83;5.20
-11.83;0.11 , -14.64;0.11 , -16.05;2.55 , -14.64:4.98 , -11.83;4.98 , -10.42;2.55 , -11.83;0.11
-11.83,4.98 -1464,4.98 ,-16.05,2.55 -14.64,0.11 ,-11.83,0.11 ,-10.42,2.55 -11.83,4.98

-7.42,12.63 ,-10.23,12.63 -11.64,10.19 -10.23,775, -7.42,7.75 ,-6.01,10.19 ,-7.42,12.63
-3.00,15.17 ,-5.82,15.17 ,-7.23,12.73 ,-5.82,10.30 ,-3.00,10.30 ,-1.60,12.73 ,-3.00,15.17
1.41,22.81 ;1.41,22.81 ,-2.81,20.38 ,-1.41,17.94, 1.41,17.94, 2.81,20.38, 1.4822.
5.82,20.27, 3.00,20.27, 1.60,17.83, 3.00,15.39, 5.82,15.39, 7.23,17.83, 5.82,20.27
10.23,17.72, 7.42,17.72, 6.01,15.28, 7.42,12.85, 10.23,12.85, 11.64,15.28, 10.23,17.72
14.64,15.17, 11.83,15.17, 10.42,12.713.83,10.30, 14.64,10.30, 16.05,12.73, 14.64,15.17
19.05,12.63, 16.24,12.63, 14.83,10.19, 16.24,7.75, 19.05,7.75, 20.46,10.19, 19.05,12.63
19.05,7.53, 16.24,7.53, 14.83,5.09, 16.24,2.66, 19.05,2.66 , 20.44,9.09,7.53

19.05,2.44 , 16.24,2.44, 14.83,0.00, 1e2244 , 19.052.44 , 20.46,0.00, 19.05,2.44
19.052.66 , 16.242.66 , 14.835.09, 16.247.53, 19.057.53, 20.465.09, 19.052.66
19.05,7.75, 16.247.75, 14.83;10.19, 16.24]12.63, 19.0512.63, 20.4610.19, 19.057.75
14.64:10.30, 11.8310.30, 10.4212.73, 11.8315.17, 14.6415.17, 16.0512.73 , 14.6410.30
10.23;12.85, 7.4212.85, 6.0%15.28, 7.4217.72, 10.23:,17.72, 11.64]15.28, 10.2312.85
5.82;15.39, 3.0015.39, 1.6017.83, 3.0020.27 , 5.8220.27, 7.2317.83, 5.8215.39
1.41,17.94 ,-1.41;17.94 ,-2.81;20.38 ,-1.41;22.81, 1.4122.81, 2.8120.38,1.41;17.94
-3.00;15.39 ,-5.82;15.39 ,-7.23;17.83 , -5.82;20.27 , -3.00;20.27 , -1.60;17.83 , -3.00;15.39
-7.42;12.85,-10.23;12.85 ,-11.64;15.28 ,-10.23;17.72 ,-7.42;17.72 ,-6.01;15.28 , -7.42;12.85
-1183-10.30,-14.64;10.30, -16.05;12.73 , -14.64;15.17 ,-11.83;15.17 ,-10.42;12.73 ,-11.83;10.30
-16.24;7.75 , -19.05;7.75 , -20.46;10.19 , -19.05;12.63 , -16.24;12.63 , -14.83;10.19 , -16.24;7.75
-16.24;2.66 , -19.05-2.66 , -20.46;5.09 , -19.05;7.53 , -16.24;7.53 , -14.83;5.09 , -16.24;2.66
-16.24,2.44 ,-19.05,2.44 ,-20.46,0.00 ,-19.05;2.44 , -16.24;2.44 , -14.83,0.00 ,-16.24,2.44
-16.24,7.53 ,-19.05,7.53 ,-20.46,5.09 ,-19.(5,2.66 , -16.24,2.66 ,-14.83,5.09 ,-16.24,7.53
-16.24,12.63 ,-19.05,12.63 -20.46,10.19 ,-19.05,7.75 ,-16.24,7.75 ,-14.83,10.19 -16.24,12.63
-11.83,15.17 -14.64,15.17 -16.05,12.73 ,-14.64,10.30 ,-11.83,10.30 -10.42,12.73 ,-11.83,15.17
-7.42,17.72 -10.23,17.72 -11.64,15.28 -10.23,12.85 -7.42,12.85 ,-6.01,15.28 ,-7.42,17.72
-3.00,20.27 ,-5.82,20.27 ,-7.23,17.83 ,-5.82,15.39 ,-3.00,15.39 ,-1.60,17.83 ,-3.00,20.27
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5.2 59 Segmented Annular Grid Actuator Pattern

Y (o))

Mapping to 37-D Connectors
Same as 10 Version

Actuator Coordinates’ Xi,Yyi1, X2,y2,  (€am)

1: -3.56,0.03 ,-3.48,0.74 ,-3.25,1.45 ,-2.88,2.09 ,-2.38,2.64 ,-1.78,3.08 ,-1.10,3.38 ,-0.37,3.54 , 0.3B.54,
1.10,3.38, 1.78,3.08, 2.38,2.64, 2.88,2.09, 3.25,1.45, 3.48,0.74, 3.56,0.00,78.483.251.45, 2.88,
2.09, 2.382.64, 1.783.08, 1.103.38, 0.373.54,-0.37;3.54,-1.10;3.38 , -1.78;3.08 , -2.38;2.64 , -
2.88;2.09 , -3.25:1.45 , -3.48;0.74 , -3.56,0.00

2: -3.81;0.13,-3.72;0.81 , -3.52;1.46 , -3.20;2.06 , -2.78;2.60 , -5.38;5.03 , -6.19;3.99 , -6.81;2.82 , -7.20;1.56 , -
7.36;0.25, -3.81;0.13

3: -2.60;2.78 , -2.06;3.20, -1.46;3.52 , -0.81;3.72 ,-0.13;3.81 , -0.25:7.36 , -1.56;7.20 , -2.82;6.81 , -3.99;6.19 , -
5.03;5.38 , -2.60;2.78

4: 0.13;3.81, 0.813.72, 1.463.52, 2.063.20, 2.602.78, 5.035.38, 3.996.19, 2.826.81, 1.6,7.20, 0.25,

7.36, 0.133.81

5: 2.78;2.60, 3.202.06, 3.521.46, 3.720.81, 3.810.13, 7.360.25, 7.261.56, 6.8:2.82, 6.193.99, 5.38,
5.03, 2.782.60

6: 3.81,0.13, 3.72,0.81, 3.52,1.46, 3.20,2.06 , 26(8,25.38,5.03, 6.19,3.99, 6.81,2.82, 7.20,1.56, 7.36,0.25,
3.81,0.13

7: 2.60,2.78 , 2.06,3.20, 1.46,3.52, 0.81,3.72, 0.13,3.81, 0.25,7.36, 1.56,7.20, 2.82,6.81, 3.99,613B,, 5.03
2.60,2.78

8: -0.13,3.81,-0.81,3.72 -1.46,3.52 ,-2.06,3.20 ,-2.60,2.78 ,-5.03,5.38 ,-3.99,6.19 ,-2.82,6.81 ,-1.56,7.20 ,-
0.25,7.36 ,-0.13,3.81

9: -2.78,2.60 ,-3.20,2.06 ,-3.52,1.46 ,-3.72,0.81 ,-3.81,0.13 ,-7.36,0.25 ,-7.20,1.56 ,-6.81,2.82 ,-6.19,3.99 ,-
5.38,5.03 ,-2.78,2.60

10: -7.62;0.13 , -7.46;1.55 , -7.04;2.92 , -6.37;4.18 , -5.48;5.30 , -8.03;7.77 , -9.34;6.13 , -10.33;4.28 , -10.94;
2.27,-11.17;0.19, -7.62;0.13

11: -5.30;5.48 , -4.18;6.37 , -2.92;7.04 , -1.55;7.46 , -0.13;7.62 ,-0.19;11.17 ,-2.27;10.94 , -4.28;10.33 ,-6.13;
9.34,-7.77:8.03 , -5.30;5.48

12: 0.13,7.62, 1.557.46, 2.927.04, 4.186.37, 5.305.48, 7.778.03, 6.139.34, 4.2810.33, 2.2710.94,
0.19;11.17, 0.13;7.62
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14:

15:

16:

17:

18:

19:

20:

21:
22:
23:
24:
25:
26:
27:
28:

29:

30:

31:

32:

33:

34

35:
36:
37:
38:
39:

40:

41:

42:
43:
44
45:
46:
47:
48:
49:
50:
51:
52:
53:
54.
55:
56:
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548530, 6.374.18, 7.042.92, 7.461.55, 7.620.13, 11.170.19, 10.942.27 , 10.334.28 , 9.346.13 ,
8.03;7.77 , 5.485.30

7.62,0.13, 7.46,1.55, 7.04,2.92, 6.37,4.18, 5.48,5.30, 8.03,7.77, 9.34,6.13, 10.33,4.28, 10.94,2,079 1
7.62,0.13

5.30,5.48 , 4.18,6.37, 2.92,7.04, 1.55,7.46, 0.13,7.62, 0.19,11.17, 2.27,10.94 , 3.28,13.8.34 , 7.77,8.03,
5.30,5.48

-0.13,7.62 ,-1.55,7.46 ,-2.92,7.04 ,-4.18,6.37 ,-5.30,5.48 ,-7.77,8.03 ,-6.13,9.34 ,-4.28,10.33 ,-2.27,10.94 -
0.19,11.17 ,-0.13,7.62

-5.48,5.30 ,-6.37,4.18 ,-7.04,2.92 ,-7.46,155 , -7.62,0.13 ,-11.17,0.19 -10.94,2.27 -10.33,4.28 ,-9.34,6.13 ,-
8.03,7.77 ,-5.48,5.30

-11.43;0.13,-11.17;2.42 , -10.46;4.61 , -9.32:6.62 , -12.22:8.67 , -13.71:6.04 , -14.65;3.17 , -14.98;0.17 , -

11.43;0.13

-9.17;6.82 ,-7.62;8.52 , -5.75;9.88 , -3.65;10.83 , -4.79;14.20 , -7.54;12.95 ,-9.99;11.17 ,-12.02;8.94 , -9.17;
6.82

-3.41;10.91 ,-1.15;11.37, 1.1511.37, 3.4310.91, 4.4714.30, 1.5314.91,-1.51;14.91 ,-4.47-14.30 , -
3.41;10.91

3.6510.83, 5.759.88, 7.628.52, 9.176.82, 12.028.94, 9.9911.17, 7.5412.95, 4.7914.20, 3.6510.83
9.32,6.62, 10.464.61, 11.172.42, 11.430.13, 14.980.17, 14.653.17, B.71;6.04 , 12.228.67 , 9.326.62
11.43,0.13, 11.17,2.42, 10.46,4.61, 9.32,6.62, 12.22,8.67, 13.71,6.04, 14.65,3.17, 14.98,0.173 11.43,0.1
9.17,6.82, 7.62,8.52, 5.75,9.88, 3.65,10.83, 4.79,14.20, 7.54,120951197, 12.02,8.94, 9.17,6.82
3.41,10.91, 1.15,11.371.15,11.37 ,-3.41,10.91 ,-4.47,14.30 ,-1.51,14.91, 1.51,14.91, 4.47,14.30, 3.41,10.91

-3.65,10.83 ,-5.75,9.88 ,-7.62,8.52 ,-9.17,6.82 ,-12.02,8.94 ,-9.99,1117 , -7.54,12.95 ,-4.79,14.20 ,-3.65,10.83
-9.32,6.62 ,-10.46,4.61 ,-11.17,2.42 ,-11.43,0.13 ,-14.98,0.17 ,-14.65,3.17 ,-13.71,6.04 ,-12.22,8.67 ,-9.32,6.62
-15.24;0.13 , -15.06;2.31 , -14.57;4.45 , -13.79;6.50 , -17.00;8.01 , -17.98;5.49 , -18.58;2.85 , -18.79;0.16 , -
-13.6%;56.5?;1370,.?]:.32.57;8.62 ,-11.20;10.34,-9.60;11.84 ,-11.84;14.60 , -13.81;12.75 , -15.50;10.63 , -16.87;8.30
-9.40‘,-]j]].-.3§g7,‘-§..75:§,-13.22 ,-5.61;14.17 ,-3.51;14.83 ,-4.34;18.29 ,-6.92;17.48 , -9.35;16.30 , -11.60;14.79 , -
-3.27?1211(.)18-]9-1,.-91?10,-15.20 , 1.1615.20, 3.2#14.89, 4.0318.36, 1.3518.75,-1.35;18.75,-4.03;18.36 , -
3.51—,?..42.2231?.2?6}14.17, 7.5813.22, 9.4011.99, 11.6014.79, 9.3516.30, 6.9217.48, 4.3418.29, 3.5%,
9.60—,:!]-.?...%3:1, 11.2010.34, 12.578.62, 13.6%#6.73, 16.8#3.30, 15.5010.63, 13.8%12.75, 11.84;14.60 ,
13.73,.6?.261}?2.574.45, 15.062.31, 15.240.13, 18.790.16, 18.582.85, 17.985.49, 17.008.01, 13.79,

6.50
15.24,0.13, 15.06,2.31, 14.57,4.45, 13.79,6.50, 17.00,8.01, 17.9818.88,2.85, 18.79,0.16, 15.24,0.13
13.67,6.73, 12.57,8.62, 11.20,10.34, 9.60,11.84, 11.84,14.60, 13.81,12.75, 15.50,10.63, 16.87.B&803 13.6
9.40,11.99, 7.58,13.22, 5.61,14.17, 3.51,14.83, 4.34,18.29176482, 9.35,16.30, 11.60,14.79, 9.40,11.99
3.27,14.89, 1.10,15.201.10,15.20 ,-3.27,14.89 ,-4.03,18.36 ,-1.35,18.75, 1.35,18.75, 4.03,18.36, 3.27,14.89
-3.51,14.83 ,-5.61,14.17 ,-7.58,13.22 ,-9.40,11.99 ,-11.60,14.79 , -9.35,16.30 ,-6.92,17.48 ,-4.34,18.29 .-

3.51,14.83

-9.60,11.84 ,-11.20,10.34 -12.57,8.62 ,-13.67,6.73 ,-16.87,8.30 ,-15.50,10.63 ,-13.81,12.75 ,-11.84,14.60 -
9.60,11.84

-13.79,6.50 ,-14.57,4.45 ,-15.06,2.31 ,-15.24,0.13 ,-18.79,0.16 ,-18.58,2.85 ,-17.98,5.49 ,-17.00,8.01 .-
13.79,6.50

-19.05;0.13, -18.76;3.31 , -17.94;6.40 , -21.53;7.68 , -22.51;3.97 , -22.86;0.15 , -19.05;0.13
-17.86;6.64 , -16.50;9.53 , -14.67;12.15 ,-17.61;14.58 , -19.80;11.43 ,-21.43;7.96 , -17.86;6.64
-14.51;12.34 ,-12.25;14.59 , -9.63;16.43 , -11.56;19.72 , -14.69;17.51 ,-17.41;14.81 ,-14.51;12.34
-9.41;16.56 ,-6.51;17.90 ,-3.43;18.74 ,-4.12;22.49 ,-7.82;21.48 , -11.30;19.87 ,-9.41;16.56
-3.18;18.78 , 0.00,19.05, 3.1818.78, 3.8222.54, 0.0022.86 ,-3.82;22.54 ,-3.18;18.78
3.43;,18.74, 6.5317.90, 9.4316.56 ,11.30;19.87, 7.8221.48, 4.1222.49, 3.4318.74
9.63;16.43 , 12.2514.59, 14.5112.34, 17.4114.81, 14.6917.51, 11.5619.72, 9.6316.43
14.67-12.15, 16.569.53, 17.866.64 , 21.437.96, 19.8011.43, ¥.61;14.58, 14.6712.15
17.946.40, 18.763.31, 19.050.13, 22.860.15, 22.513.97, 21.537.68, 17.946.40
19.05,0.13, 18.76,3.31, 17.94,6.40, 21.53,7.68, 22.51,3.97, 22.86,0.15, 19.05,0.13
17.86,6.64 16.50,9.53, 14.67,12.15, 17.61,14.58, 19.80,11.43, 21.43,7.96, 17.86,6.64
14.51,12.34, 12.25,1459, 9.63,16.43, 11.56,19.72, 14.69,17.51, 17.41,14.81, 14.51,12.34
9.41,16.56, 6.51,17.90, 3.43,18.74, 4.12,22.482,71.48 , 11.30,19.87, 9.41,16.56
3.18,18.78, 0.00,19.053.18,18.78 ,-3.82,22.54, 0.00,22.86, 3.82,22.54, 3.18,18.78
-3.43,18.74 ,-6.51,17.90 ,-9.41,16.56 ,-11.30,19.87 -7.82,21.48 ,-4.12,22.49 ,-3.43,18.74
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57: -9.63,16.43 -12.25,14.59 -14.51,12.34 -17.41,14.81 ~14.69,17.51 ~11.56,19.72 -9.63,16.43
58: -14.67,12.15 -16.50,9.53 -17.86,6.64 ,-21.43,7.96 ,-19.80,11.43 -17.61,14.58 -14.67,12.15
59: -17.94,6.40 ,-18.76,3.31 ,-19.05,0.13 ,-22.86,0.15 ,-22.51,3.97 ,-21.53,7.68 ,-17.94,6.40

5.3 61 Square Grid Actuator Pattern

20 1 26| 35| M4 I
15 1 10 17| 25| 34| 43| 51| 58 i
10 1 g || 16| 24| 33| 42| s=0| 57 -

51| 3 g 15 231 J2| 41| 49y s&| B1|

E
E 09| 2 7 14 221 31| 40| 48] 55| BO| |
=

-5 1 1 ] 153 211 30| 39| 47 &4 59|t

-0 4 5 12 200 29| 38| 46| &3 -
15 - 4 1) 19 28| 37| 45| &2 i
20 |l 27 36 i

=200 15 100 5 a 5 M0 15 20

Mapping to 37-D Connectors
Same as 10 Version

Actuator Coordinatesi Xi,y1, X2,Y2,  (@m)

: -17.04;2.54 , -17.04;7.12 , -21.62;7.12 , -21.62;2.54 , -17.04;2.54

© -17.04,2.29 ,-17.04;2.29 , -21.62;2.29 , -21.62,2.29 ,-17.04,2.29
17.04.7.12 -17.04,2.54 ,-21.62,2.54 -21.62,7.12 -17.04,7.12
12.21;12.21 ,-12.21,16.79 , -16.79;16.79 , -16.79;12.21 , -12.21;12.21
-12.21;7.38,-12.21;11.95,-16.79;11.95 ,-16.79;7.38 , -12.21;7.38
-12.21;2.54 ,-12.21;7.12 ,-16.79;7.12 , -16.79;2.54 , -12.21;2.54
-12.21,2.29 -12.21;2.29 , -16.79,2.29 , -16.79,2.29 ,-12.21,2.29

0 -12.21,7.12 ,-12.21,2.54 -16.79,2.54 ,-16.79,7.12 ,-12.21,7.12

© -12.21,11.95 -12.21,7.38 ,-16.79,7.38 ,-16.79,11.95 -12.21,11.95
10: -12.21,16.79 -12.21,12.21 -16.79,12.21 -16.7916.79 ,-12.21,16.79
11: -7.38;12.21 ,-7.38;16.79 ,-11.95;16.79 ,-11.95;12.21 , -7.38;12.21
12: -7.38;7.38 ,-7.38;11.95 ,-11.95;11.95 ,-11.95;7.38 , -7.38;7.38

13: -7.38;2.54 ,-7.38;7.12 , -11.95;7.12 , -11.95;2.54 , -7.38;2.54

14: -7.38,2.29 ,-7.38:2.29 , -11.95;2.29 , -11.95,2.29 ,-7.38,2.29

15: -7.38,7.12 ,-7.38,2.54 ,-11.95,2.54 ,-11.95,7.12 ,-7.38,7.12

16: -7.38,11.95 ,-7.38,7.38 ,-11.95,7.38 ,-11.95,11.95 -7.38,11.95

CcoNouA~RO®NE
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17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
0 2.2%17.04, 2.2921.62,-2.29;21.62 ,-2.29;17.04, 2.2917.04
28:
29:
30:
31:
32:
33:
34:
0 2.29,21.62, 2.29,17.042.29,17.04 ,-2.29,21.62 , 2.29,21.62
36:
37:
38:
39:
40:
41:
42:
43:
44
45:
46:
47:
48:
49:
50:
51:
52:
53:
54.
55:
56:
57:
58:
59:
60:
61:

-7.3816.79,-7.38,12.21 ,-11.95,12.21 -11.95,16.79 ,-7.38,16.79
-2.54;17.04 ,-2.54;21.62 ,-7.12;21.62 ,-7.12;17.04 ,-2.54;17.04
-2.54;12.21 ,-2.54;16.79 ,-7.12;16.79 ,-7.12;12.21 ,-2.54;12.21
-2.54;7.38 ,-2.54;11.95,-7.12;11.95,-7.12;7.38 , -2.54;7.38
-2.54;2.54 ,-2.54;7.12 ,-7.12;7.12 ,-7.12;2.54 , -2.54;2.54
-2.54,2.29 ,-2.54;2.29 ,-7.12;2.29 ,-7.12,2.29 ,-2.54,2.29
-2.54,7.12 ,-2.54,2.54 ,-7.12,2.54, -7.12,7.12 ,-2.54,7.12
-2.54,11.95 ,-2.54,7.38 ,-7.12,7.38 ,-7.12,11.95 ,-2.54,11.95
-2.54,16.79 ,-2.54,12.21 ,-7.12,12.21 ,-7.12,16.79 ,-2.54,16.79
-2.54,21.62 ,-2.54,17.04 ,-7.12,17.04 ,-7.12,21.62 ,-2.54,21.62

2.2912.21, 2.2916.79,-2.29;16.79 ,-2.29;12.21 , 2.2912.21
2.29,7.38,2.29;11.95,-2.29;11.95,-2.29;7.38, 2.297.38
229254, 2.297.12,-2.29;7.12 ,-2.29;2.54 , 2.292.54
2.29,2.29, 2.29.29,-2.29;2.29 ,-2.29,2.29, 2.29,2.29
229,712, 2.29,2.54-2.29,2.54 ,-2.297.12, 2.29,7.12
2.29,11.95, 2.29,7.382.29,7.38 ,-2.29,11.95, 2.29,11.95
2.29,16.79, 2.29,12.213-2.29,12.21 ,-2.29,16.79 , 2.29,16.79

7.12;17.04, 7.1221.62, 2.5421.62, 2.5417.04, 7.1217.04
7.12;,12.21, 7.1216.79, 2.5416.79, 2.5412.21, 7.1212.21
7.12;7.38, 7.1211.95, 2.5411.95, 2.547.38, 7.127.38
7.12;2.54, 7.127.12, 2.547.12, 2.542.54 , 7.122.54

7.12,2.29, 7.12.29, 2.542.29, 2.54,2.29, 7.12,2.29

712,712, 7.12,2.54, 2.54,2.54, 254,712, 7.12,7.12
7.12,11.95, 7.12,7.38, 2.54,7.38, 2.54,11.95, 7.12,11.95
7.12,1679, 7.12,12.21, 2.54,12.21, 2.54,16.79, 7.12,16.79
7.12,21.62, 7.12,17.04, 2.54,17.04, 2.54,21.62, 7.12,21.62
11.9512.21, 11.9516.79, 7.3816.79, 7.3812.21, 11.9512.21
11.95,7.38 , 11.9511.95, 7.3811.95, 7.387.38, 11.957.38
11.952.54, 11.957.12, 7.387.12, 7.382.54, 11.952.54
11.95,2.29, 11.92.29, 7.382.29, 7.38,2.29, 11.95,2.29
11.95,7.12, 11.95,2.54, 7.38,2.54, 7.38,7.12, 11.95,7.12
11.95,11.95, 11.95,7.38, 7.38,7.38, 7.38,11.95, 11.95,11.95
11.95,16.79, 11.95,12.21, 7.38,12.21, 7.38,16.79, 11.95,16.79
16.7912.21, 16.7916.79, 12.2116.79, 12.2112.21, 16.7912.21
16.79,7.38 , 1679711.95, 12.2111.95, 12.217.38, 16.797.38
16.792.54 , 16.797.12, 12.217.12, 12.212.54 , 16.792.54
16.79,2.29, 16.72.29, 12.232.29, 12.21,2.29, 16.79,2.29
16.79,7.12, 16.79,2.54, 12.21,2.54, 12.21,7.12, 16.79,7.12
16.79,11.95, 16.79,7.38, 12.21,7.38, 12.21,11.95, 16.79,11.95
16.79,16.79, 16.79,12.21, 12.21,12.21, 12.21,16.79, 16.79,16.79
21.622.54 , 21.62712, 17.04,7.12, 17.042.54 , 21.622.54
21.62,2.29, 21.62.29, 17.042.29, 17.04,2.29, 21.62,2.29
21.62,7.12, 21.62,2.54, 17.04,2.54, 17.04,7.12, 21.62,7.12
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6 Appendix C: Package Specifications

NOTE: All dimengins given here are approximate and subject to change without notice.

6.1 Original Package
Distance from the mirror membrane to the top of the package is approxima@tély 08 o
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6.2 New Package (after Fall 2009)

1
/

30.00mm

<

85.00mm
3

63.00mm
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