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Optical Quality Report:

36 Element Deformable Mirrors for the IRTF AO System

Daniel O’Connor

I. Introduction

We present data on 5 deformable mirrors constructed for the IRTF AO system. The mirrors are 100 mm in diameter and have a thickness of 2.3 mm. The mirrors are fabricated from a piezoelectric material, PST-5H from American Piezo Ceramics. The front surface has been replicated with a protected aluminum coating from Opticon Inc. 

The mirrors are referred to as DM1, DM2, DM3, DM4, and DM5.

There are 4 criteria which are used to evaluate the quality of the mirror. 

1.) Stroke

2.) Strehl

3.) Curvature

4.) Cosmetics

5.) Figure Stability

We present data on each of the above criteria and summarize our conclusions by selecting the best mirror at the end of this report.

II. Stroke Data

The stroke of an actuator is the physical throw that the suface undergoes when an actuator experiences a given voltage. We investigate the maximum stroke for the 5 DMs tested. 

Each mirror is mounted in a mirror cell and placed in the 4” beam of the Zygo GPI XP interferometer. All unused inputs are grounded. A DC voltage applied to a given actuator never exceeds +/ 400 Volts. V[image: image3.jpg]



Actuator Definition:

The actuators are defined as pictured below. The central ring comprises actuators 0 thru 5. The next concentric ring contains actuators 6 thru 17, and the outer ring has actuators 18 thru 35. The pin assignment defining which actuator is connected to which pin in the electrical connector is shown.[image: image4.wmf]
1.3 Data

Data for each mirror may be found in a separate subdirectory on duke, 

AO_home/public_html/optics/zygodata/dm1 etc. 

A data set is taken sequentially from actuator 0 to actuator 35. For a given actuator the following data taking sequence is used. 

1.) With 0 volts and all inputs grounded a wavefront is taken, file naming convention is axx_beg.dat  (where xx is the actuator number).

2.) Next the minus voltage data is taken in the following order, -100 V, -200 V, -300 V, -400 V. File naming convention for example actuator 34, minus 300 V, a34m300.dat.

3.) After the minus data has been taken, all wires are again grounded, and a 0 voltage wavefront is taken, naming convention, axx_mid.dat. (mid for middle of measurement sequence).

4.) Positive voltage data is now taken in the following order, +100 V, +200 V, +300 V, + 400 V. For +200 volts on actuator 15, file name is a15p200.dat.

5.) When finished with +400 V measurement, voltage is turned off, all wires grounded and another wavefront is taken,  axx_pau.dat. If there was no significant time delay between the taking of data for one actuator and the taking of data for the next actuator in the sequence, often times the axx_beg.dat file was not made, and the default is to use axx_pau.dat from the previous actuator for subsequent processing & background subtraction.


Any data file may be reloaded into the Metro-Pro software used by the Zygo interferometer for further analysis. 

Table 1.

Total Stroke Data for Deformable Mirrors

Averaged over actuators 0, 3, 6, 10, 14, 18, 21, 24, 27, 30, 33

	Deformable Mirror
	PV over +/-400 V (mic)
	Standard

Deviation (mic)
	Sd/PV
	Data taken at volts
	Comment

	Dm1
	4.4
	0.61
	0.14
	+/-400
	

	Dm2
	5.87
	1.94
	0.33
	+/-400
	

	Dm3
	3.49
	0.54
	0.15
	+/-390
	In system

	Dm4
	6.35
	1.50
	0.23
	+/-400
	

	Dm5
	5.90
	1.11
	0.19
	+/-400
	

	Avg all
	5.21
	1.14
	0.21
	
	


Table 2.

Central Actuator Stroke Data

averaged over actuators 0, 3, 6, 10, 14

	Deformable Mirror
	PV over +/-400 V (mic)
	Standard

Deviation (mic)
	Sd/PV
	Data taken at volts

	Dm1
	4.57
	0.89
	0.19
	+/-400

	Dm2
	6.61
	1.98
	0.30
	+/-400

	Dm3
	3.22
	0.53
	0.16
	+/-390

	Dm4
	4.96
	0.99
	0.20
	+/-400

	Dm5
	5.02
	0.96
	0.19
	+/-400

	Avg. all
	4.07
	1.07
	0.26
	


Table 3.

Edge Actuator Stroke Data

 averaged over actuators 18, 21, 24, 27, 30, 33

	Deformable Mirror
	PV over +/-400 V (mic)
	Standard

Deviation (mic)
	Sd/PV
	Data taken at volts

	Dm1
	4.34
	0.54
	0.125
	+/-400

	Dm2
	5.43
	1.91
	0.35
	+/-400

	Dm3
	3.72
	0.46
	0.123
	+/-390

	Dm4
	7.51
	0.44
	0.06
	+/-400

	Dm5
	6.64
	0.55
	0.08
	+/-400

	Avg. all
	5.53
	0.78
	0.14
	


II. Strehl Measurements

Strehl ratio is the ratio of the peak in the PSF of an optical system to that of a perfect optical system of the same limiting diameter. That is, a perfect optic will give a Strehl ratio of 1.0. 

Table 4.  Strehl Data

	Deformable Mirror
	Strehl

Rm: pst, tlt,

pwr
	Residual

PV/rms (nm)
	Strehl

Rm: pst, tlt, pwr, ast, cma, sa3
	Residual

PV/rms(nm)
	Fraction of Total Stroke to null*
	Ref/Comment

	Dm1
	26
	670/119
	58
	541/075
	15.2%
	

	Dm2
	72
	349/057
	80
	373/047
	5.8%
	

	Dm3
	71
	
	90
	
	
	In system

	Dm4
	61
	328/061
	86.1
	242/039
	3.8%
	

	Dm5
	71.5
	485/060
	85
	329/042
	5.4%
	DM5_fulltest/Flat_beg.dat


* Note1: This is calculated by taking Residual PV with pst, tlt, pwr removed and dividing by total stroke PV from Table I. (eg. For DM5 .329/6.034 = 5.4%). This assumes that the residual aberrations can be flattened by using stroke.

III. Curvature Data:

For mirrors DM4 and DM5 a complete set of Zygo data was taken.

Data sequence is as follows:

Begin - 0 volts

Minus 100 volts

Minus 200 volts

Minus 300 volts

Minus 400 volts

mid point, 0 volts

plus 100 volts

plus 200 volts

plus 300 volts

plus 400 volts

The result of an IDL analysis doing a 2-D parabolic surface fit at the peak of the distribution, looking at either the +400 data or -400 data with the appropriate initial background subtracted. Data was analyzed by a program named get_curve.pro. A subroutine for unpacking the zygo wavefront maps (ie *.dat files) was written by Mark Chun and is called zygo_read. Zygo_read is called by get_curve.pro. These routines are listed in appendix 3. 

Table 7. DM4 & DM5 Curvature Summary

	Mirror
	Avg. Curvature (m)
	Std. Deviation (m)
	Number of actuators measured

	DM4
	17.55
	4.48
	11/17

	DM5
	14.83
	2.87
	17/17


Table 8. DM4 Curvature Summary

	Actuator
	-400 V curv(m)
	+400 V curv(m)
	Avg (abs val +/-)

	0
	-12.31
	12.52
	12.415

	1
	-23.7
	22.4
	23.05

	2
	
	13.8
	

	3
	-22.4
	
	

	4
	-29.05
	24.1
	26.57

	5
	-18.68
	20.36
	19.52

	6
	-12.13
	14.61
	13.37

	7
	-14.57
	12.33
	13.35

	8
	
	13.15
	

	9
	
	
	

	10
	-16.95
	12.89
	14.92

	11
	-17.65
	15.90
	16.77

	12
	-22.7
	19.42
	21.06

	13
	-13.03
	18.76
	15.89

	14
	-21.00
	
	

	15
	
	9.67
	

	16
	
	18.39
	

	17
	-19.68
	12.7
	16.19

	
	
	
	Mean 17.55 meters

Sigma 4.48


Note: Data must have fits for both +400 and - 400 V to be used. There were problems with the Zygo interferometer concerning dynamic range. Although data was taken for all 18 central actuators, sometimes the fitting routine in IDL would not work. This was traced back to a problem of fringe density in the interferogram. If the fringe density is too low, the Zygo has trouble and introduces spurious noise. If the fringe density is too high, the phase unwrapping can not proceed and large holes are produced in the data. The operator then must adjust the tilt of the interferogram such that the fringe density remains in a range acceptable to the Zygo over the entire measurement from 0 volts (for background subtraction) to either + or - 400 volts. A relative tilt between the background phase map and the phase map at 400 volts would often times cause the fitting routine to bomb. This was alleviated by going back and re-taking data for a given actuator sometimes 3 and 4 times to see if the fit would work. 

Table 9. DM5 Curvature Summary

	Actuator
	-400 V curv(m)
	+400 V curv(m)
	Avg(abs val)

	0
	14.09
	-14.78
	14.43

	1
	19.35
	-19.56
	19.45

	2
	14.64
	-21.77
	18.20

	3
	20.6
	-21.3
	20.95

	4
	13.96
	-14.29
	14.12

	5
	19.89
	-20.25
	20.07

	6
	12.39
	-12.82
	12.60

	7
	11.23
	-11.58
	11.41

	8
	15.00
	-14.99
	15.00

	9
	13.98
	-14.37
	14.17

	10
	12.61
	-12.96
	12.78

	11
	12.81
	-12.77
	12.79

	12
	13.08
	-12.63
	12.85

	13
	14.01
	-14.5
	14.25

	14
	13.68
	-13.97
	13.82

	15
	11.83
	-11.80
	11.81

	16
	12.78
	-13.67
	13.22

	17
	15.14
	-15.08
	15.11

	
	
	
	Mean 14.83 meters

Sigma 2.87
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The above plot shows a plot of absolute value of voltage applied vs curvature derived from a fit to the Zygo measured wavefront. The fit is a 2-D surface fit performed over the actuator region in IDL by the get_curve.pro routing listed in the appendix. The plot below shows stroke as derived from peak values in the fit mentioned above vs applied voltage. 
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The above plot shows the correlation between observed stoke and measured curvature with data from both DM4 and DM5. The fit is a second order polynomial fit, poly_fit performed in IDL. The independent variable is stroke and the dependent variable is 1/curvature, that is: 1/curv = A + B(stroke)+C(stroke)^2.  The fit parameters are:

	Fit params
	DM4
	DM5

	A
	-0.000824062
	0.00460349

	B
	0.0160543
	0.0122189

	C
	-0.000355976
	0.000708011


V. Cosmetic Data:

This data is gathered by looking at discrete bumps in the interferometric data. All mirrors have the dust blown off of them before a measurement. 
Table 10.  Cosmetic Data

	
	Pinholes
	Ref:

	DM1
	>25 
	DM1/novoltsbeg.dat

	DM2
	8
	DM2_fulvolt/a3zeroe.dat

	DM3
	> 40 visible
	DM3/mobetaflat.dat

	DM4
	3
	DM4_flatten/flat_ex1.dat

	DM5
	8
	DM5/flat0vol.dat


VI. Figure Stability

As these measurements presented here were being taken, the IRTF AO system was being integrated in the lab in Hilo. It was noticed that the relay optics experienced a radical focal shift of up to 25 mm. By placing a flat in front of the DM (DM3 is installed presently), it was verified that the remainder of the relay optical train had not changed. This implies that the DM underwent the focal shift. This type of shift is heretofore unknown to the best of our knowledge.


Wavefront data taking for DM4 and DM5 was spread out over a month due to understanding certain instrumental effects and development of analysis software. Looking back through the data for DM4 and DM5 we see a disturbing focal shift in DM4. 

This is shown in the plot below. 
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Here DM4 is the data represented by the pink boxes, and DM5 is the data represented by the blue diamonds. 


Clearly DM4 experiences a focus shift of greater than 4 microns over the roughly 3 weeks represented by the plot. DM4 has an average focus of +3.0 microns and DM5 has an average of -0.46 microns. 

As DM4 was looked at before DM5, it was initially thought that perhaps the mirror was sensitive to the humidity in the lab. After looking at the DM5 data this appears to be unfounded as the two mirrors were exposed to essentially the same humidity regime. 

We hypothesize that there is some residual stress in the front surface replication layers which is relaxing as a function of time. If this is correct, it suggests that in the future the mirrors should be “exercised” with random voltages applied to all electrodes in order to “break-in” the mirror. 
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The above plot shows the average focus value for the 5 DMs. It is important to note that there is no focus time series data for DMs 1,2 and 3, and so no statement on focus evolution is possible. Clearly DM5 has the smallest focus term and appears to be time stable. 

VII. Summary:

Table 11 is a summary of how the individual mirrors rank with respect to the evaluation criteria.

In a sense, treating stroke and curvature independently can not be correct, however  for the purposes of this document we treat them independently. Below is a plot of the correlation between stroke and absolute value of curvature for DM5. Data are taken from actuators 5 and 11 for the full voltage swing of +/-400 V. 

We give unweighted rankings for each of 3 categories and treat curvature separately. Note for the Strehl ranking, DM3 had no data. Also DM2 and DM5 were essentially the same, and thus were tied for 2nd place. DM3 gets a ranking as an average of 1+2+3/3 = 2.

If curvature is the predominant criteria, then DM5 is the number one choice. If some other combination of criteria are selected perhaps DM4 will come out on top. In addition, if the stability of the figure is used, again DM5 should be selected first.

Table 11. Summary Ranking

	
	DM1
	DM2
	DM3
	DM4
	DM5

	Stroke avg
	4
	3
	5
	1
	2

	Strehl to null
	3
	2
	2*
	1
	2

	Cosmetic
	3
	2
	4
	1
	2

	
	
	
	
	
	

	Rank
	4
	3
	5
	1
	2

	Curvature Rank
	
	
	
	2
	1

	Figure Stability Rank
	
	
	
	2
	1


* No data, give average of 1+2+3.

Appendix 1 

Table A1.1 

 DM4 -  Peak Stroke Data

	Actuator #
	PV+
	PV-
	Sum
	

	0 *
	2.171
	1.662
	3.833
	

	1
	1.946
	1.809
	3.749
	

	2
	2.061
	2.092
	4.153
	

	3 *
	1.948
	2.012
	3.960
	

	4
	1.938
	2.023
	3.961
	

	5
	2.220
	1.791
	4.011
	

	6 *
	3.100
	2.273
	5.373
	

	7
	3.029
	2.552
	5.581
	

	8
	3.002
	2.738
	5.740
	

	9
	3.174
	2.836
	6.010
	

	10 *
	2.843
	2.885
	5.728
	

	11
	2.710
	3.322
	6.032
	

	12
	2.763
	3.350
	6.113
	

	13
	2.799
	3.155
	5.954
	

	14 *
	2.824
	3.089
	5.913
	

	15
	2.497
	3.382
	5.879
	

	16
	2.382
	3.243
	5.625
	

	17
	2.855
	2.734
	5.589
	

	18 *
	3.864
	3.499
	7.363
	

	19
	3.691
	3.426
	7.117
	

	20
	3.284
	3.477
	6.761
	

	21 *
	3.207
	3.714
	6.921
	

	22
	3.333
	3.673
	7.006
	

	23
	3.291
	3.172
	6.463
	

	24 *
	3.619
	3.598
	7.217
	

	25
	3.877
	3.757
	7.634
	

	26
	3.249
	3.616
	6.865
	

	27 *
	3.562
	3.975
	7.537
	

	28
	3.934
	3.781
	7.715
	

	29
	4.343
	3.024
	7.367
	

	30 *
	4.474
	3.628
	8.102
	

	31
	4.419
	3.964
	8.383
	

	32
	4.348
	5.211
	9.559
	

	33 *
	3.525
	4.392
	7.917
	

	34
	3.910
	4.108
	8.018
	

	35
	3.631
	3.308
	6.939
	

	
	
	
	Mean 6.34, sd=1.45
	


Table A1.2

 DM5 - Peak Stroke Data

	Actuator #
	PV+
	PV-
	Sum
	

	0 *
	1.835

	2.413
	4.248
	

	1
	1.910
	2.338
	4.248
	

	2
	1.730
	2.232
	3.962
	

	3 *
	1.546
	2.206
	3.752
	

	4
	1.607
	2.259
	3.866
	

	5
	1.652
	1.986
	3.638
	

	6 *
	2.697
	3.137
	5.834
	

	7
	2.552
	3.525
	6.077
	

	8
	2.068
	3.779
	5.847
	

	9
	2.762
	3.698
	6.460
	

	10 *
	2.811
	3.033
	5.844
	

	11
	2.602
	3.434
	6.036
	

	12
	2.060
	3.597
	5.657
	

	13
	3.112
	2.244
	5.356
	

	14 *
	2.497
	2.976
	5.413
	

	15
	2.420
	3.458
	6.000
	

	16
	2.178
	3.436
	5.538
	

	17
	2.249
	2.934
	5.138
	

	18 *
	3.336
	2.628
	5.964
	

	19
	3.059
	3.325
	6.384
	

	20
	2.361
	4.277
	6.638
	

	21 *
	1.682
	4.619
	6.301
	

	22
	2.076
	4.384
	6.460
	

	23
	3.059
	3.620
	6.679
	

	24 *
	3.817
	2.516
	6.333
	

	25
	4.141
	3.403
	7.544
	

	26
	3.347
	4.457
	7.804
	

	27 *
	2.242
	5.255
	7.497
	

	28
	2.446
	5.193
	7.639
	

	29
	2.877
	4.461
	7.338
	

	30 *
	3.413
	3.560
	6.973
	

	31
	3.203
	3.797
	7.000
	

	32
	2.611
	4.393
	7.004
	

	33 *
	2.208
	4.581
	6.789
	

	34
	2.569
	4.398
	6.967
	

	35
	3.301
	3.031
	6.332
	

	
	
	
	Mean 6.034, sigma 1.15
	


Appendix 2

Table A2.1

Guide to data used to make Zernike table

	Actuator
	DM4
	DM4
	DM5
	DM5

	
	Input file
	Ouput file
	Input file
	Output file

	A00
	A00_beg.dat
	Zer4a00t.txt
	A00_beg.dat
	Zer5a00t.txt

	A06
	A06_beg.dat
	Zer4a06t.txt
	A06_beg.dat
	Zer5a06t.txt

	A14
	A14_beg.dat
	Zer4a14t.txt
	A13pau.dat
	Zer5a14t.txt

	A18
	A17_pau.dat
	Zer4a18t.txt
	A17_pau.dat
	Zer5a18t.txt

	A24
	A23_pau.dat
	Zer4a24t.txt
	A23_pau.dat
	Zer5a24t.txt

	A33
	A32_pau.dat
	Zer4a33t.txt
	A32_pau.dat
	Zer5a33t.txt


Zernike Data

For DM4 and DM5 we present Zernike fits (done by the Zygo) to “flat” (no volts applied)  realizations of the mirrors at various stages of peak height testing. The idea is to see how the modes are distributed, and how close the mirror is to being optimized. Optimized here means that the modes we can address with the mount (astigmatism) are minimized. Both mirrors were “flattened” before taking data. Flattening involves starting with a mirror with typically 6 to 10 microns peak to valley (PV) of figure error, mostly focus and astigmatism. By tweaking the 24 screws which push on the support o-ring at the edge of the mirror, we can go from a figure of say 8 microns to a figure with 1 micron in about 30 minutes of adjusting looking at Zygo wavefronts. Going the last bit, from 1 micron, to about 0.5 micron PV usually takes considerably more time. During peak height testing, it becomes obvious that the mirror does not return to the figure it started with as voltage is applied and then taken away. This suggests that even if we initially flatten the mirrror, after exercising, the mirror will obtain some other ground state due to hysteresis effects of the material. In general if the last actuator to be tested is one in the outer ring (ie. A18 - a35) there will be residual astigmatism which will be greater than when the mirror was initially “flattened”. 


The data below show the results of a 9-term Zernike fit to the mirror surface at different stages of testing, and we can see how the various modes move around.

Piston and tilts are expected to change as the mirror is often re-tilted during the course of measurements. 

Table 12.

Zernike data for DM4 & DM5, 9 term fit

(all values in microns)

	actuator
	piston
	x-tilt
	y-tilt
	focus
	astig
	astig
	xcoma
	ycoma
	sphere

	
	
	
	
	
	
	
	
	
	

	dm4a00
	-3.834
	1.074
	1.449
	3.06
	0.114
	-0.262
	-0.084
	0.188
	-0.115

	dm4a06
	-2.863
	-0.398
	0.227
	2.979
	0.066
	-0.338
	0.043
	0.103
	-0.077

	dm4a14
	-2.856
	1.618
	0.385
	3.234
	0.096
	-0.124
	-0.191
	0.34
	-0.022

	dm4a18
	3.534
	-6.374
	-6.273
	2.455
	0.036
	0.074
	-0.115
	0.217
	-0.087

	dm4a24
	-1.64
	1.579
	-0.551
	2.633
	-0.15
	0.416
	-0.159
	0.249
	-0.096

	dm4a33
	0.382
	-0.204
	-2.995
	2.953
	-0.224
	0.346
	-0.139
	0.197
	-0.094

	
	
	
	
	
	
	
	
	
	

	dm5a00
	1.685
	-0.091
	-1.077
	-0.398
	0.092
	-0.149
	-0.01
	0.097
	-0.121

	dm5a06
	0.044
	-2.412
	0.665
	-0.59
	0.097
	-0.221
	0.109
	0.06
	-0.078

	dm5a14
	0.688
	-0.033
	-0.236
	-0.725
	0.003
	0.339
	0.023
	-0.089
	0.028

	dm5a18
	-1.013
	-3.278
	1.737
	-0.596
	0.105
	-0.147
	0.116
	0.154
	-0.087

	dm5a24
	0.397
	-0.547
	-0.477
	-0.342
	0.047
	0.212
	-0.136
	-0.15
	-0.041

	dm5a33
	1.867
	-0.297
	-1.869
	-0.505
	0.238
	0.253
	-0.123
	-0.12
	-0.04


Appendix 3

Listing of analysis programs for curvature extraction

;program to read in filenames

PRO Get_curve

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

; program takes two user selected data files using Mark Chun's ;       ; zygo_read

; makes new array of subtracted data,

; sets spurius data to zero

; plots out the result

; finds the peak xpixel and ypixel and the peak value.

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

; select output device

ps=ps ; if ps = 1 write graphical output to postscript file

thisDevice = !D.Name

if Keyword_set(ps) then begin


Set_plot, 'PS'
;output graphics to postscript


ps_filename = 'DM_curvedat.ps'


Device, Filename = ps_filename, XSize=7.5, YSize=10, Xoffset=0.5


print, "outputting PostScript File:", + ps_filename

    endif

Window, 5

Window, 10, xsize = 500, ysize = 250

; get directory, then get files

; fname1 is the flat

; fname2 is the data

print, 'first pick directory where data is'

print, 'next pick fname1 = flat data, or minus data'

print, 'next pick fname2 = positive data'

dir = dialog_pickfile(/Directory)

cd, dir

fname1 = dialog_pickfile(/READ, FILTER = '*.dat')

fname2 = dialog_pickfile(/READ, FILTER='*.dat')

print, 'fname1 =',fname1

print, 'fname2 =',fname2

zygo_read, fname1,hdr,int, phaMinus

zygo_read, fname2,hdr,int, phaPlus

;get array dimension of phaMinus

help, phaMinus

dim = size(phaMinus)

xdim = dim(1)*1.0 ;dim(1) is x dim of phaMinus

ydim = dim(2)*1.0 ;dim(2) is y dim of phaMinus

print, 'xdim, ydim = ', xdim, ydim

; force flat and data to be same dimension

; make sure phaPlus is same size as phaMinus

phaPlus = congrid(phaPlus, dim(1), dim(2))

xpeak = 0

ypeak = 0

;;;;; substract off background ;;;;;;;;;;;;;;;

pha = phaPlus - phaMinus

;;;;; set spurius data (which is large) to zero

idx = where(abs(pha) ge 9)

pha(idx) = 0

;;;;;find range for surface plot ;;;;;;;;;;;

zmin = fix(min(pha))- 1

zmax = fix(max(pha))+ 1

;;;;;make 3D plot of phase surface ;;;;;;;;;

!P.MULTI = [0,1,1]

WSet, 5

shade_surf, pha, zrange=[zmin,zmax]

;;;;; find peak in data ;;;;;;;;;;;;;;;;;;;;

imx = max(abs(pha),ixx) ;imx is max value, ixx is array element

ipixmaxy = (ixx/xdim)

ypeak = fix(ipixmaxy) ;fix converts to integer

ipixmaxx = (ipixmaxy - ypeak)* ydim

xpeak = fix(ipixmaxx)+ 1

print, 'x,y pixel max =         ',xpeak,ypeak

print, 'max value (microns)= ',imx

print, 'id of max pixel =      ', ixx

;;;;; make slicees at Xpeak and Ypeak

!P.MULTI = [0,2,1] ; two colums one row for plots

WSet, 10

plot, pha(xpeak,*)

plot, pha(*, ypeak)

;;;;; fit for X tilt and subtract from data

;;;;; use endpoints only

;;;;; fit for Y tilt and subtract from data

fname_out = fname2

print, fname_out

fname_out = STRMID(fname_out,10,11,/REVERSE_OFFSET)

print, fname_out

STRPUT, fname_out,'.txt',7

OpenW, lun, fname_out, /Get_Lun

header = 'x,y max, peak(microns), id'

created = 'Created:' + SysTime()

printf, lun, fname_out

printf, lun, created

printf, lun, header

printf, lun, xpeak, ypeak, imx, ixx

;do 2D surface fit

!P.MULTI= 0

n = 15 ;approx width of peak (pixels)

dx = 50.0/dim(1)
;50 mm pupil over about 200 pixels

z = sfit(pha(xpeak-n:xpeak+n,ypeak-n:ypeak+n),2,kx=kx)

radius_of_curv = 1/(2*AVG([kx[0,2], kx[2,0]]/dx^2.))

printf, lun, 'radius_of_curv = ', radius_of_curv

Free_Lun, lun

help, pha

if Keyword_set(ps) then begin


Device, /close_file

  endif

  set_plot, thisDevice

END

;;

;; zygo_read.pro

;;

;; M. Chun

;; 4 Feb 2002

;;

;; Reads the internal binary format of Zygo data files.  

;; 

;; Reference on the data format : MetroProRef.pdf found on the Zygo

;; documents CD-ROM.

;;

;; Purpose:  Given the name of a Zygo data file, this routine

;; returns the header, intensity, and phase information.  

;;

;; OUTPUT: 

;;  Header is left as a BYTARR.

;;  Intensity is returned as an integer array appropriately sized.  

;;  Phase is a FLOAT array appropriately sized and SCALED to microns.

;;

;; Usage: IDL> zygo_read, filename, hdr, int, pha

;;

;; Note that hdr, int, and pha are changed by this routine.

;;

;; +----------------------------------------------------------------------------

;;internal routine

FUNCTION byte2int, bytes

     ;; default is MSB first

     n = N_ELEMENTS(bytes)

     m = REVERSE(INDGEN(n))

RETURN, TOTAL( LONG(bytes)*2L^(8*m) )

END

PRO zygo_read, fname, hdr, int, pha

     ;; NOW READ HEADER

     OPENR, 1, fname

     hdr = BYTARR(164)

     hdr2 = FLTARR(6)

     hdr3 = BYTARR(646)

     READU,1, hdr, hdr2, hdr3

     ;; READ INTENSITY

     IntensWidth = byte2int(hdr[52:53])

     IntensHeight = byte2int(hdr[54:55])

     NBuckets = byte2int(hdr[56:57])

     int = UINTARR(IntensWidth,IntensHeight)

     READU, 1, int

     ;; READ PHASE

     PhaseWidth = byte2int(hdr[68:69])

     PhaseHeight = byte2int(hdr[70:71])     

     pha = LONARR(PhaseWidth,PhaseHeight)     

     READU, 1, pha

     CLOSE, 1

     FOR i=0,PhaseWidth-1 DO BEGIN

       FOR j=0,PhaseHeight-1 DO BEGIN

         a = pha[i,j]


 BYTEORDER, a, /LSWAP


 pha[i,j] = a

       ENDFOR

     ENDFOR

     ;; SCALE PHASE TO MICRONS

     IntfScaleFactor = hdr2[0] 

     BYTEORDER, IntfScaleFactor, /XDRTOF

     ObliquityFactor  = hdr2[3]

     BYTEORDER, ObliquityFactor, /XDRTOF

     PhaseRes = byte2int(hdr3[30:31])

     if (PhaseRes EQ 0) THEN PhaseRes = 4096.

     IF (PhaseRes EQ 1) THEN PhaseRes = 32768.

     WavelengthIn = hdr2[1]      ;; in meters

     BYTEORDER, WavelengthIn, /XDRTOF

     pha = FLOAT( pha ) * $

               ( IntfScaleFactor * ObliquityFactor ) / FLOAT(PhaseRes) * $

               WavelengthIn * 1e6

RETURN

END

Appendix 4

Calculation of Curvature Requirement


[image: image10.wmf]7.638889

10

3

.

0

f

999.5

0.5

int2

0

200

400

600

800

1000

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

differential focus distribution

curvature (meters)

frequency


This plot shows the differential frequency distribution of focus errors produced by an atmosphere with an rnot of 10 cm at 0.6 microns wavelength for a 3.0 meter aperture and a demagnification of the pupil by a factor of 60, to a 50 mm pupil on the deformable mirror. This calculation based on code written by Christ Ftaclas. 

In order to estimate the time a given mirror is saturated by the focus term, an integral probability distribution is calculated from the differential distribution. This is shown below. We see that for a DM capable of producing curvatures of 15 to 18 meters, the system should be saturated less than xxx% of the time. Note that this calculation does not include static focus errors which will shift the zero point of the integral probability distribution to the left.
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The above 2 plots are the integral probability distribution of focus error for an atmosphere with rnot = 0.10 meters at a wavelength of 0.6 microns. The first plot above is the entire distribution, and the bottom plot is a blow-up of the region near small curvatures. We see that the distribution is essentially zero at about 28 meters. Therefore a mirror capable of producing curvatures of 15 to 18 meters will be saturated by the seeing conditions less than 0.1% of the time. 
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