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Abstract—This paper described an integrated system with an Atomic Force Microscope designed for nanomanipulation. Simulation of the nanomanipulation process was accomplished by estimating the interactive forces between molecules of the AFM tip and the sample based on the principle of contact mechanics. The intermolecular force and interactive force between the tip and sample are modeled by the Lennard-Jones potential and the JKR theory, respectively. Besides, stereoscopic visual feedback and force feedback are being provided. This allows user to perform nanomanipulation in a virtual reality environment with force feedback.
I. INTRODUCTION
T
HE Atomic Force Microscope (AFM) is a system which is designed for investigation of roughness, particle size, or nano scaled surface features [1] – [3]. It can profile samples in real, three-dimensional space with vertical resolution down to 0.1 nm. Because the AFM does not rely on the presence of the tunneling current, a wide range of materials can be used for investigation including semiconductors, non-conducting surfaces, insulators, and biological samples.
The AFM utilizes with a probe which has a microfabrictaed tip mounted on an elastic cantilever to record the attractive and repulsive forces acting between the tip and the sample surface. During operation, the tip is gently in contact with the material and slowly scanned across the surface. The lateral and vertical movements of the tip or sample are controlled by piezoelectric scanners and a feedback loop that produce voltage differences proportional to the movement. The interatomic forces between the atoms on the surface of the material and those on the tip cause the cantilever to deflect. The magnitude of the deflection depends on the separation between the surface atoms and the tip atoms and also the atomic forces between them, such as van der Waals force and adhesion force. The deflection can be recorded by a laser beam focused on the top surface of the cantilever and reflected onto photodetectors as shown in Fig. 1. The detection is made so sensitive that the forces being detected can be as small as a few piconewton. The photodetector signals are used to map the surface topography of samples with resolutions down to the atomic and nano scales.
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Fig. 1. Detection of the cantilever deflection
There are several techniques that can be employed for fabrication of microstructures such as photolithography [4], microcontact imprint [5], and scanning electrochemical microlithography [6] – [7], but these methods possess significant limitations for patterning structures of nanometer scale. Since the capability to direct pattern polymeric materials at nano-scale creates a number of opportunities, nanolithography has been demonstrated in several systems such as electron beam exposure system [8] and scanning probe microscopes [9] – [10]. Polymer and thin film have been patterned using Scanning Tunneling Microscope (STM) operated in vacuum, as well as using AFM under room conditions. For lithography, the AFM has a distinct advantage over the STM because AFM is used for insulating as well as conducting materials. And patterning by the AFM tip is a non-damaging process with higher precision of alignment and narrower width of lithography than those obtained by the use of photon, electron and scanning probe lithography. 

In contact mode, the probe is in contact with the surface and the AFM uses various forces that occur when two objects are brought within nanometers of each other. By indenting the tip onto the sample, patterning on a length scale below 10 nm is realized such as modification of polymer and direct patterning. Varying the magnitude of the applied load can perform either deep scratching or frictionless sliding. There are two ways to vary the applied force which are either by setting the displacement of piezoelectric scanners on defined distance along z axis or tuning the trigger threshold value.

However, AFM-based manipulation is usually not instinctive to the user and requires a high degree of training. With the aid of a force feedback device, direct positioning of the AFM tip with nanometer precision becomes possible. In [11] – [12], systems with direct manipulation are utilized for nanomanipulation. However, direct manipulation is usually slow and imprecise. Closed-loop task-oriented autonomous control was developed in system [13]. In order to avoid problems during operation, it was designed for execution only the given tasks without user interaction. Yet, the automatic control in nanoworld is still challenging due to the complexity of the nanoscale dynamics.

This paper is mainly focused on discussing a teleoperated system with stereoscopic virtual graphical display and haptic force feedback. The graphical user interface was developed from the topography data fed from the AFM, which displayed the surface topography and the position of the AFM tip on the sample. The topography data is scaled to perform the appropriate response on the force feedback joystick and users feel a force proportional to the height of the sample point interacting with the AFM tip. With the aid of the stereoscopic graphical display, users are allowed to perform the nanomanipulation in the virtual nanoworld. The force feedback joystick implemented in the system was a Wingman Force of Logitech with high sensitivity performance, which serves as a haptic interface that provides the users with the sensation of tip-sample interactions. Users are allowed to the control of the whole system by the joystick and switch between navigation and manipulation mode. Scanning by using the AFM is a time consuming process and it was impossible to perform scanning during the manipulation process. In order to estimate the results for the operation, interaction forces between the tip and the sample were being modeled for the simulation. Within the non-contact regime, the tip-sample interaction force is modeled by the Lennard-Jones potential [14] and soon after they are being in contact, the adhesion force is simulated based on the Johnson-Kendall-Roberts (JKR) theory [15].
II. System Architecture
The system architecture of the manipulation system is shown in Fig. 2. The AFM employed for high-resolution imaging is based on a SPM control system (Being Nano-instruments, China), which processes the topographic data and generates the scanning image. Motion of the sample holder is controlled by the piezoelectric actuators in three principal axes.. Two piezoelectric actuators are in plan with the sample, which generate the movement in the x and y directions, and the last one is perpendicular to the sample base, which is responsible for adjusting the separation between the probe tip and the sample. The AFM is capable for nano scale positioning of the sample in 100 (m range in the planar coordinates and 30 (m in the vertical direction. The scanning stage is placed under a light microscope that is equipped with a high-resolution CCD camera for visual control. 
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Fig. 2. System architecture of the manipulation system

Real-time image capturing the position of the AFM cantilever is being transferred to the system interface for determination of the distance between the AFM tip and target position. A motion control system equipped with three ultra-resolution electrostrictive actuators and high stability controller (Newport Cooperation, USA) is utilized for automatic local positioning. These are mainly employed for coast positioning of the sample and their resolution is 0.1 (m The motion of the motion control system mainly depends on the calculated distance between the probe tip and the location under investigation. 

Tracing the deflection as a function of the piezo position yields a force-displacement curve, which resembles a hystersis loop that exemplifies the operation of the AFM, for the calculation of contact force. On the other hand, it also represents the change of state of the cantilever during scanning. This curve is used to characterize features that can be used to determine interaction forces and mechanical properties. In a typical force curve as shown in Fig. 4, the vertical axis of the graph represents the cantilever deflection signal which is the difference in voltage signals produced by the upper and lower photodetectors in the optical head. The voltage applied to the z piezoelectric scanner is plotting along the horizontal axis. The force curve represents the deflection signal for one complete extension or retraction cycle of the piezoelectric scanner.

III. Interatomic Forces
The interaction between the tip and sample of an atomic force microscope consists of a variety of forces such as electric, magnetic, and atomic forces for the non-contact regime and indentation, adhesion, and capillary forces for the contact regime.
A. Indentation and Adhesion Forces
The tip and sample are modeled as two spheres [15] as illustrated in Fig. 3. Consider the contact of a sphere of radius 
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. If there is no pressure applied between them, the contact occurs only at the point 
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 if in the absence of surface energy. If one sphere is forced down by a load 
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, the centers of the two spheres approach by a quantity 
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 are both small, no friction occurs at the interface and no tensile stress exists in area of contact.
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Fig. 3. Two spheres in contact at a point


The equations of the two circles are given by,
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The distance between 
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 and 
[image: image19.wmf]B

 near 
[image: image20.wmf]O

 is expressed as a function of the radial distance 
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which the distance between the probe tip and the sample surface as shown in Fig. 4 and
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 is the effective tip-sample radius of curvature
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When a load is applied to the tip in contact with a surface such that the point at which load is applied moves a vertical distance 
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. If this distance is measured with respect to a distant point on the surface, this may be considered as the distance of mutual approach between the tip and the surface. In general both the tip and surface undergo deformation.  If the tip is rigid, there will be no deformation.

The adherence force between two elastic spheres could be measured by the Johnson, Kendall and Roberts (JKR) theory. In the presence of surface energy, the contact area sustains infinite stress on its periphery. It remains finite under negative loads until a critical traction force is reached at which the surfaces separate abruptly. The surface energy, 
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 required to separate two flat surfaces from contact to infinity is defined as,
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where 
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 is the Hamaker’s constant, 
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Fig. 4. Contact between two elastic spheres


The elastic modules of the two spheres are modeled as
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and
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The effective elastic modulus, 
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, is then expressed as
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According to the JKR Theory, the tip-sample contact forces as a function of the contact radius is
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where 
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The indentation, 
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, as a function of the applied force is
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Lennard-Jones Forces
Denote the initial position of the AFM cantilever by 
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 and the displacement of the tip by 
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. The deflection of the cantilever, 
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. The deflection of the cantilever is expressed as a function of the piezo displacement. The Lennard-Jones potential, 
[image: image46.wmf]W

, is used for modeling of interactive forces in non-contact regime and is given by
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The Lennard-Jones force, 
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, is obtained from the potential by taking the negative of its derivative with respect to s.
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The deflection of the cantilever as a function of the piezo displacement is expressed as
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where 
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 is the spring constant of the cantilever.

The tip jumps to contact with the surface (snap-in) or pulls out of the surface (pull-out) when the derivative of the force equals to the spring constant. The values of snap-in and pull-out point are obtained by solving
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IV. Nanomanipulation
In the experiment, the AFM is employed as a tool for nanolithography by controlled tip motion on various material surfaces. Nanolithography may be used to investigate various material properties and this could be conducted within the area bounded by the maximum scan size. The deflection of the cantilever accomplishes as a measure of the force. 


The trigger threshold is the value of the cantilever deflection, as measured by the photodetectors, desired for the indentation or lithography. It defines the maximum force applied to the sample corresponding to the upper leftmost point on the force plot as shown in Fig. 5. During each step, the tip is pushed into the sample surface until the cantilever deflection equals the trigger threshold. At this point, the tip is either lifted up away from the sample to remove the load, if indenting, or the tip is moved laterally in a prescribed direction, if scratching. The cantilever deflection is measured relative to the value of the deflection at the surface contact point, located somewhere on the flat portion of the force plot where the force is zero.
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Fig. 5. Trigger threshold shows in the force plot

The cantilever sensitivity is the cantilever deflection signal versus the voltage applied to the z piezo determined from the slope of the force plot. The sensitivity of the cantilever must be measured in order to calculate the force applied to the sample during indentation. Once the sensitivity is known, the force, 
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, of indentation is determined from Hooke’s Law,
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where 
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 is the cantilever deflection in nm, 
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  is the trigger threshold voltage, and 
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is the cantilever sensitivity in nm/V. The cantilever deflection is determined from the cantilever sensitivity and the maximum deflection used for the indentation.
V. Experiments and Discussions
The graphical interface was developed based on the topographic data obtained from the AFM. The 3D surface was generated according to the height data and users are allowed to perform navigation of the surface in a virtual reality environment. Besides, users can execute lithography on the surface in manipulation mode, Fig. 6(a) and 6(b) show the surface before and after simulation, respectively. The depth of indentation is estimated by the JKR theory. 
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(a)                                                       (b)
Fig. 6. Stereoscopic interface for navigation and manipulation

During operation, when the distance between the tip position and the sample surface is below the range of  100 nm, the interaction force is being simulated and it is used to estimate the results for the manipulation. Prior to the simulation, users are allowed to modify the setting of parameters. The depth of indentation is estimated by the applied force of the user. According to the parameters defined in Table 1, the depth of lithography with applied force of 1.5 (N was 5.9 nm. Fig. 9 illustrates that the depth of indentation increased with increasing applied load.

TABLE I

SETTING OF PARAMETERS FOR SIMULATION

	Parameters
	Value

	Tip radius
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	Sample radius
	
[image: image62.wmf]nm

100



	Young’s modulus of Au
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	Poisson ratio of Au
	0.42

	Poisson ratio of Polymer
	0.3

	Hamaker’s constant of Au
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Fig. 7. The depth of indentation as a function of the applied force

In order to verify the model, the simulation results are being compared to the experimental results. The AFM cantilever used for this study is a silicon nitrate cantilever of tip radius 30 nm, and stiffness of 0.6 N/m. All measurements were performed in an ambient environment. The Parylene thin film was produced by deposition of Parylene C on Si (100) wafers, which was about 0.3 (m thick. Samples were scanned orthogonal to the long axis of the cantilever with average load 1.5 (N to generate scratches. Observations of the sample surface before and after the scratch tests were done by scanning parallel to the long axis of the cantilever with loads of 0.2 (N as the parallel scans enable minimum wear of the sample surface. In the scratch test, scratches are generated in a replicate mode at a given load for 1, 2 and 3 cycles over a scan length of 
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. The 2D and 3D scanned image after the scratch test were as shown in Fig. 8 and Fig. 9, respectively.
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Fig. 8. 3D image of lithography on Parlyene C
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Fig. 9. 2D topographic image and 2D sections after lithography

When applied one cycle of scratch, the depth of the channel is 6.4 nm, the depths for 2 cycles and 3 cycles are 13.2 nm and 18.5 nm, respectively. It was found that with constant applied load, the depth and width increases almost linearly with increasing number of cycles. This suggested that the material was removed layer by layer during the test. Comparing the experimental results with the simulation results, the difference is about 0.5 nm and this may due to the capillary force appear on the sample surface.
This technique was applied to channels fabrication between gold electrodes on silicon substrate. Fig. 10(a) and Fig. 10(b) show the topography of the device before and after nanolithography, respectively. The width and the maximum depth are about 8 nm and 15 nm, respectively. The depth of the channel varied with the number of cycle of scratch. The widths of the electrodes are about 5 (m and it is difficult to fabricate a channel between them using traditional lithography technique. On the other hand, the AFM based nanolithography guarantees for precision in localization and this could be applied for the fabrication of nano channels..
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(a)                                                          (b)
Fig. 10. Lithography of a channel between gold electrodes on silicon surface

VI. Conclusion
This paper describes a haptic interface developed for nanomanipulation with the AFM, which allows the user to act on and feel the nanoworld phenomena through navigation and manipulation. The manipulation process is being simulation    based on the contact mechanics during the manipulation process. The Lennard-Jones potential is employed to model of tip-sample interaction forces when the AFM tip and material surface are in contact. Indentation and adhesion forces are modeled from JKR theory for contact regime. The motion behaviors of the AFM cantilever and relations between the applied force and depth of indentation have been analyzed. These experimental results provide insight into the mechanics of an AFM-based nanolithography. A model for frictions will be implemented in the future so that manipulation by the use of force feeling will become more accurate and predictable. 

Nanolithography with contact mode imaging technique has been shown to be a powerful tool. Scratches of various depths and widths were produced and controlled by the number of cycles. An advantage of using AFM for nanolithography over other instruments is that precise localization could be performed based on the high resolution image obtained.
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		7.00E-09		0.0000000021		0.0000000216		0.0000000004

		8.00E-09		0.0000000028		0.0000000323		0.0000000005

		9.00E-09		0.0000000035		0.0000000459		0.0000000006

		1.00E-08		0.0000000043		0.000000063		0.0000000007

		1.10E-08		0.0000000053		0.0000000839		0.0000000009

		1.20E-08		0.0000000063		0.0000001089		0.000000001

		1.30E-08		0.0000000073		0.0000001384		0.0000000012

		1.40E-08		0.0000000085		0.0000001729		0.0000000014

		1.50E-08		0.0000000098		0.0000002127		0.0000000016

		1.60E-08		0.0000000111		0.0000002581		0.0000000019

		1.70E-08		0.0000000126		0.0000003096		0.0000000021

		1.80E-08		0.0000000141		0.0000003675		0.0000000023

		1.90E-08		0.0000000157		0.0000004322		0.0000000026

		2.00E-08		0.0000000174		0.0000005041		0.0000000029

		2.10E-08		0.0000000192		0.0000005835		0.0000000032

		2.20E-08		0.000000021		0.0000006709		0.0000000035

		2.30E-08		0.000000023		0.0000007667		0.0000000038

		2.40E-08		0.000000025		0.0000008711		0.0000000042

		2.50E-08		0.0000000272		0.0000009845		0.0000000045

		2.60E-08		0.0000000294		0.0000011075		0.0000000049

		2.70E-08		0.0000000317		0.0000012402		0.0000000053

		2.80E-08		0.0000000341		0.0000013832		0.0000000057

		2.90E-08		0.0000000366		0.0000015368		0.0000000061

		3.00E-08		0.0000000391		0.0000017013		0.0000000065

		3.10E-08		0.0000000418		0.0000018772		0.000000007

		3.20E-08		0.0000000445		0.0000020648		0.0000000074

		3.30E-08		0.0000000473		0.0000022644		0.0000000079

		3.40E-08		0.0000000503		0.0000024766		0.0000000084

		3.50E-08		0.0000000533		0.0000027016		0.0000000089

		3.60E-08		0.0000000563		0.0000029399		0.0000000094

		3.70E-08		0.0000000595		0.0000031917		0.0000000099

		3.80E-08		0.0000000628		0.0000034576		0.0000000105

		3.90E-08		0.0000000661		0.0000037378		0.000000011

		4.00E-08		0.0000000696		0.0000040327		0.0000000116

		4.10E-08		0.0000000731		0.0000043428		0.0000000122

		4.20E-08		0.0000000767		0.0000046684		0.0000000128

		4.30E-08		0.0000000804		0.0000050099		0.0000000134

		4.40E-08		0.0000000842		0.0000053676		0.000000014

		4.50E-08		0.000000088		0.0000057419		0.0000000147

		4.60E-08		0.000000092		0.0000061333		0.0000000153

		4.70E-08		0.000000096		0.0000065421		0.000000016

		4.80E-08		0.0000001002		0.0000069686		0.0000000167

		4.90E-08		0.0000001044		0.0000074133		0.0000000174

		5.00E-08		0.0000001087		0.0000078765		0.0000000181

		5.10E-08		0.0000001131		0.0000083586		0.0000000188

		5.20E-08		0.0000001176		0.0000088599		0.0000000196

		5.30E-08		0.0000001221		0.000009381		0.0000000204

		5.40E-08		0.0000001268		0.0000099221		0.0000000211

		5.50E-08		0.0000001315		0.0000104836		0.0000000219

		5.60E-08		0.0000001363		0.0000110659		0.0000000227

		5.70E-08		0.0000001413		0.0000116693		0.0000000235

		5.80E-08		0.0000001463		0.0000122943		0.0000000244

		5.90E-08		0.0000001513		0.0000129413		0.0000000252

		6.00E-08		0.0000001565		0.0000136105		0.0000000261

		6.10E-08		0.0000001618		0.0000143025

		6.20E-08		0.0000001671		0.0000150175

		6.30E-08		0.0000001726		0.0000157559

		6.40E-08		0.0000001781		0.0000165182

		6.50E-08		0.0000001837		0.0000173046

		6.60E-08		0.0000001894		0.0000181156

		6.70E-08		0.0000001952		0.0000189516

		6.80E-08		0.000000201		0.0000198129

		6.90E-08		0.000000207		0.0000206999

		7.00E-08		0.000000213		0.000021613

		7.10E-08		0.0000002192		0.0000225526

		7.20E-08		0.0000002254		0.000023519

		7.30E-08		0.0000002317		0.0000245127

		7.40E-08		0.0000002381		0.0000255339

		7.50E-08		0.0000002446		0.0000265831

		7.60E-08		0.0000002511		0.0000276607

		7.70E-08		0.0000002578		0.000028767

		7.80E-08		0.0000002645		0.0000299024

		7.90E-08		0.0000002713		0.0000310673

		8.00E-08		0.0000002783		0.0000322621

		8.10E-08		0.0000002853		0.0000334871

		8.20E-08		0.0000002923		0.0000347427

		8.30E-08		0.0000002995		0.0000360293

		8.40E-08		0.0000003068		0.0000373474

		8.50E-08		0.0000003141		0.0000386971

		8.60E-08		0.0000003216		0.0000400791

		8.70E-08		0.0000003291		0.0000414935

		8.80E-08		0.0000003367		0.0000429408

		8.90E-08		0.0000003444		0.0000444214

		9.00E-08		0.0000003522		0.0000459356

		9.10E-08		0.00000036		0.0000474839

		9.20E-08		0.000000368		0.0000490666

		9.30E-08		0.000000376		0.000050684

		9.40E-08		0.0000003842		0.0000523366

		9.50E-08		0.0000003924		0.0000540248

		9.60E-08		0.0000004007		0.0000557489

		9.70E-08		0.0000004091		0.0000575092

		9.80E-08		0.0000004176		0.0000593063

		9.90E-08		0.0000004261		0.0000611403

		1.00E-07		0.0000004348		0.0000630119

		1.01E-07		0.0000004435		0.0000649212

		1.02E-07		0.0000004523		0.0000668687

		1.03E-07		0.0000004613		0.0000688548

		1.04E-07		0.0000004703		0.0000708798

		1.05E-07		0.0000004793		0.0000729441

		1.06E-07		0.0000004885		0.0000750482

		1.07E-07		0.0000004978		0.0000771923

		1.08E-07		0.0000005071		0.0000793768

		1.09E-07		0.0000005166		0.0000816022

		1.10E-07		0.0000005261		0.0000838688

		1.11E-07		0.0000005357		0.000086177

		1.12E-07		0.0000005454		0.0000885272

		1.13E-07		0.0000005552		0.0000909197

		1.14E-07		0.000000565		0.0000933549

		1.15E-07		0.000000575		0.0000958332

		1.16E-07		0.000000585		0.000098355

		1.17E-07		0.0000005952		0.0001009207

		1.18E-07		0.0000006054		0.0001035306

		1.19E-07		0.0000006157		0.0001061851

		1.20E-07		0.0000006261		0.0001088845

		1.21E-07		0.0000006366		0.0001116294

		1.22E-07		0.0000006471		0.00011442

		1.23E-07		0.0000006578		0.0001172568

		1.24E-07		0.0000006685		0.00012014

		1.25E-07		0.0000006793		0.0001230701

		1.26E-07		0.0000006903		0.0001260475

		1.27E-07		0.0000007013		0.0001290725

		1.28E-07		0.0000007123		0.0001321455

		1.29E-07		0.0000007235		0.000135267

		1.30E-07		0.0000007348		0.0001384371

		1.31E-07		0.0000007461		0.0001416565

		1.32E-07		0.0000007576		0.0001449254

		1.33E-07		0.0000007691		0.0001482441

		1.34E-07		0.0000007807		0.0001516132

		1.35E-07		0.0000007924		0.0001550329

		1.36E-07		0.0000008042		0.0001585037

		1.37E-07		0.000000816		0.0001620259

		1.38E-07		0.000000828		0.0001655998

		1.39E-07		0.00000084		0.000169226

		1.40E-07		0.0000008522		0.0001729047

		1.41E-07		0.0000008644		0.0001766363

		1.42E-07		0.0000008767		0.0001804212

		1.43E-07		0.0000008891		0.0001842599

		1.44E-07		0.0000009016		0.0001881526

		1.45E-07		0.0000009141		0.0001920997

		1.46E-07		0.0000009268		0.0001961016

		1.47E-07		0.0000009395		0.0002001588

		1.48E-07		0.0000009523		0.0002042715

		1.49E-07		0.0000009653		0.0002084402

		1.50E-07		0.0000009783		0.0002126652

		1.51E-07		0.0000009913		0.0002169469

		1.52E-07		0.0000010045		0.0002212857

		1.53E-07		0.0000010178		0.000225682

		1.54E-07		0.0000010311		0.0002301362

		1.55E-07		0.0000010446		0.0002346485

		1.56E-07		0.0000010581		0.0002392195

		1.57E-07		0.0000010717		0.0002438494

		1.58E-07		0.0000010854		0.0002485387

		1.59E-07		0.0000010992		0.0002532877

		1.60E-07		0.000001113		0.0002580968

		1.61E-07		0.000001127		0.0002629664

		1.62E-07		0.000001141		0.0002678969

		1.63E-07		0.0000011552		0.0002728887

		1.64E-07		0.0000011694		0.0002779421

		1.65E-07		0.0000011837		0.0002830574

		1.66E-07		0.0000011981		0.0002882352

		1.67E-07		0.0000012126		0.0002934757

		1.68E-07		0.0000012271		0.0002987794

		1.69E-07		0.0000012418		0.0003041465

		1.70E-07		0.0000012565		0.0003095776

		1.71E-07		0.0000012713		0.0003150729

		1.72E-07		0.0000012863		0.0003206329

		1.73E-07		0.0000013013		0.0003262579

		1.74E-07		0.0000013163		0.0003319483

		1.75E-07		0.0000013315		0.0003377045

		1.76E-07		0.0000013468		0.0003435269

		1.77E-07		0.0000013621		0.0003494158

		1.78E-07		0.0000013776		0.0003553716

		1.79E-07		0.0000013931		0.0003613948

		1.80E-07		0.0000014087		0.0003674856

		1.81E-07		0.0000014244		0.0003736444

		1.82E-07		0.0000014402		0.0003798717

		1.83E-07		0.000001456		0.0003861678

		1.84E-07		0.000001472		0.0003925331

		1.85E-07		0.000001488		0.0003989679

		1.86E-07		0.0000015042		0.0004054727

		1.87E-07		0.0000015204		0.0004120478

		1.88E-07		0.0000015367		0.0004186936

		1.89E-07		0.0000015531		0.0004254105

		1.90E-07		0.0000015696		0.0004321988

		1.91E-07		0.0000015861		0.000439059

		1.92E-07		0.0000016028		0.0004459914

		1.93E-07		0.0000016195		0.0004529964

		1.94E-07		0.0000016363		0.0004600743

		1.95E-07		0.0000016533		0.0004672256

		1.96E-07		0.0000016703		0.0004744506

		1.97E-07		0.0000016873		0.0004817497

		1.98E-07		0.0000017045		0.0004891233

		1.99E-07		0.0000017218		0.0004965718

		2.00E-07		0.0000017391		0.0005040955

		2.01E-07		0.0000017566		0.0005116948

		2.02E-07		0.0000017741		0.0005193701

		2.03E-07		0.0000017917		0.0005271217

		2.04E-07		0.0000018094		0.0005349502

		2.05E-07		0.0000018272		0.0005428557

		2.06E-07		0.000001845		0.0005508388

		2.07E-07		0.000001863		0.0005588997

		2.08E-07		0.000001881		0.0005670389

		2.09E-07		0.0000018992		0.0005752567

		2.10E-07		0.0000019174		0.0005835536

		2.11E-07		0.0000019357		0.0005919298

		2.12E-07		0.0000019541		0.0006003858

		2.13E-07		0.0000019726		0.000608922

		2.14E-07		0.0000019911		0.0006175387

		2.15E-07		0.0000020098		0.0006262363

		2.16E-07		0.0000020285		0.0006350152

		2.17E-07		0.0000020473		0.0006438757

		2.18E-07		0.0000020663		0.0006528183

		2.19E-07		0.0000020853		0.0006618433

		2.20E-07		0.0000021043		0.0006709511

		2.21E-07		0.0000021235		0.0006801421

		2.22E-07		0.0000021428		0.0006894167

		2.23E-07		0.0000021621		0.0006987751

		2.24E-07		0.0000021816		0.0007082179

		2.25E-07		0.0000022011		0.0007177454

		2.26E-07		0.0000022207		0.0007273579

		2.27E-07		0.0000022404		0.0007370559

		2.28E-07		0.0000022602		0.0007468397

		2.29E-07		0.00000228		0.0007567097

		2.30E-07		0.0000023		0.0007666663

		2.31E-07		0.00000232		0.0007767098

		2.32E-07		0.0000023402		0.0007868407

		2.33E-07		0.0000023604		0.0007970593

		2.34E-07		0.0000023807		0.000807366

		2.35E-07		0.0000024011		0.0008177611

		2.36E-07		0.0000024216		0.0008282451

		2.37E-07		0.0000024421		0.0008388183

		2.38E-07		0.0000024628		0.0008494811

		2.39E-07		0.0000024835		0.0008602339

		2.40E-07		0.0000025043		0.0008710771

		2.41E-07		0.0000025253		0.000882011

		2.42E-07		0.0000025463		0.000893036

		2.43E-07		0.0000025673		0.0009041525

		2.44E-07		0.0000025885		0.0009153609

		2.45E-07		0.0000026098		0.0009266615

		2.46E-07		0.0000026311		0.0009380548

		2.47E-07		0.0000026526		0.000949541

		2.48E-07		0.0000026741		0.0009611207

		2.49E-07		0.0000026957		0.0009727941

		2.50E-07		0.0000027174		0.0009845616

		2.51E-07		0.0000027392		0.0009964237

		2.52E-07		0.000002761		0.0010083807

		2.53E-07		0.000002783		0.0010204329

		2.54E-07		0.000002805		0.0010325808

		2.55E-07		0.0000028272		0.0010448247

		2.56E-07		0.0000028494		0.001057165

		2.57E-07		0.0000028717		0.0010696021

		2.58E-07		0.0000028941		0.0010821364

		2.59E-07		0.0000029166		0.0010947682

		2.60E-07		0.0000029391		0.001107498

		2.61E-07		0.0000029618		0.001120326

		2.62E-07		0.0000029845		0.0011332527

		2.63E-07		0.0000030073		0.0011462785

		2.64E-07		0.0000030303		0.0011594037

		2.65E-07		0.0000030533		0.0011726287

		2.66E-07		0.0000030763		0.0011859539

		2.67E-07		0.0000030995		0.0011993797

		2.68E-07		0.0000031228		0.0012129064

		2.69E-07		0.0000031461		0.0012265344

		2.70E-07		0.0000031696		0.0012402642

		2.71E-07		0.0000031931		0.001254096

		2.72E-07		0.0000032167		0.0012680303

		2.73E-07		0.0000032404		0.0012820674

		2.74E-07		0.0000032642		0.0012962077

		2.75E-07		0.000003288		0.0013104516

		2.76E-07		0.000003312		0.0013247995

		2.77E-07		0.000003336		0.0013392517

		2.78E-07		0.0000033602		0.0013538087

		2.79E-07		0.0000033844		0.0013684708

		2.80E-07		0.0000034087		0.0013832383

		2.81E-07		0.0000034331		0.0013981117

		2.82E-07		0.0000034576		0.0014130914

		2.83E-07		0.0000034821		0.0014281776

		2.84E-07		0.0000035068		0.0014433709

		2.85E-07		0.0000035315		0.0014586715

		2.86E-07		0.0000035563		0.0014740799

		2.87E-07		0.0000035813		0.0014895964

		2.88E-07		0.0000036063		0.0015052214

		2.89E-07		0.0000036313		0.0015209553

		2.90E-07		0.0000036565		0.0015367985

		2.91E-07		0.0000036818		0.0015527513

		2.92E-07		0.0000037071		0.0015688141

		2.93E-07		0.0000037326		0.0015849873

		2.94E-07		0.0000037581		0.0016012713

		2.95E-07		0.0000037837		0.0016176664

		2.96E-07		0.0000038094		0.0016341731

		2.97E-07		0.0000038352		0.0016507917

		2.98E-07		0.000003861		0.0016675226

		2.99E-07		0.000003887		0.0016843661

		3.00E-07		0.000003913		0.0017013227

		3.01E-07		0.0000039392		0.0017183927

		3.02E-07		0.0000039654		0.0017355765

		3.03E-07		0.0000039917		0.0017528745

		3.04E-07		0.0000040181		0.001770287

		3.05E-07		0.0000040446		0.0017878145

		3.06E-07		0.0000040711		0.0018054573

		3.07E-07		0.0000040978		0.0018232157

		3.08E-07		0.0000041245		0.0018410903

		3.09E-07		0.0000041513		0.0018590813

		3.10E-07		0.0000041783		0.0018771891

		3.11E-07		0.0000042053		0.0018954141

		3.12E-07		0.0000042323		0.0019137567

		3.13E-07		0.0000042595		0.0019322172

		3.14E-07		0.0000042868		0.0019507961

		3.15E-07		0.0000043141		0.0019694937

		3.16E-07		0.0000043416		0.0019883104

		3.17E-07		0.0000043691		0.0020072466

		3.18E-07		0.0000043967		0.0020263026

		3.19E-07		0.0000044244		0.0020454789

		3.20E-07		0.0000044522		0.0020647757

		3.21E-07		0.00000448		0.0020841935

		3.22E-07		0.000004508		0.0021037327

		3.23E-07		0.000004536		0.0021233936

		3.24E-07		0.0000045642		0.0021431767

		3.25E-07		0.0000045924		0.0021630822

		3.26E-07		0.0000046207		0.0021831107

		3.27E-07		0.0000046491		0.0022032623

		3.28E-07		0.0000046776		0.0022235376

		3.29E-07		0.0000047061		0.0022439369

		3.30E-07		0.0000047348		0.0022644606

		3.31E-07		0.0000047635		0.0022851091

		3.32E-07		0.0000047923		0.0023058827

		3.33E-07		0.0000048213		0.0023267818

		3.34E-07		0.0000048503		0.0023478068

		3.35E-07		0.0000048793		0.0023689581

		3.36E-07		0.0000049085		0.002390236

		3.37E-07		0.0000049378		0.002411641

		3.38E-07		0.0000049671		0.0024331734

		3.39E-07		0.0000049966		0.0024548336

		3.40E-07		0.0000050261		0.0024766219

		3.41E-07		0.0000050557		0.0024985388

		3.42E-07		0.0000050854		0.0025205846

		3.43E-07		0.0000051152		0.0025427597

		3.44E-07		0.000005145		0.0025650645

		3.45E-07		0.000005175		0.0025874993

		3.46E-07		0.000005205		0.0026100646

		3.47E-07		0.0000052352		0.0026327607

		3.48E-07		0.0000052654		0.002655588

		3.49E-07		0.0000052957		0.0026785468

		3.50E-07		0.0000053261		0.0027016376

		3.51E-07		0.0000053566		0.0027248607

		3.52E-07		0.0000053871		0.0027482166

		3.53E-07		0.0000054178		0.0027717055

		3.54E-07		0.0000054485		0.0027953278

		3.55E-07		0.0000054793		0.002819084

		3.56E-07		0.0000055103		0.0028429745

		3.57E-07		0.0000055413		0.0028669995

		3.58E-07		0.0000055723		0.0028911595

		3.59E-07		0.0000056035		0.0029154548

		3.60E-07		0.0000056348		0.0029398859

		3.61E-07		0.0000056661		0.002964453

		3.62E-07		0.0000056976		0.0029891567

		3.63E-07		0.0000057291		0.0030139972

		3.64E-07		0.0000057607		0.0030389749

		3.65E-07		0.0000057924		0.0030640903

		3.66E-07		0.0000058242		0.0030893437

		3.67E-07		0.000005856		0.0031147354

		3.68E-07		0.000005888		0.0031402659

		3.69E-07		0.00000592		0.0031659355

		3.70E-07		0.0000059522		0.0031917447

		3.71E-07		0.0000059844		0.0032176937

		3.72E-07		0.0000060167		0.003243783

		3.73E-07		0.0000060491		0.0032700129

		3.74E-07		0.0000060816		0.0032963839

		3.75E-07		0.0000061141		0.0033228962

		3.76E-07		0.0000061468		0.0033495503

		3.77E-07		0.0000061795		0.0033763466

		3.78E-07		0.0000062123		0.0034032854

		3.79E-07		0.0000062453		0.0034303671

		3.80E-07		0.0000062783		0.0034575922

		3.81E-07		0.0000063113		0.0034849608

		3.82E-07		0.0000063445		0.0035124736

		3.83E-07		0.0000063778		0.0035401307

		3.84E-07		0.0000064111		0.0035679327

		3.85E-07		0.0000064446		0.0035958798

		3.86E-07		0.0000064781		0.0036239725

		3.87E-07		0.0000065117		0.0036522111

		3.88E-07		0.0000065454		0.003680596

		3.89E-07		0.0000065792		0.0037091277

		3.90E-07		0.000006613		0.0037378064

		3.91E-07		0.000006647		0.0037666325

		3.92E-07		0.000006681		0.0037956065

		3.93E-07		0.0000067152		0.0038247287

		3.94E-07		0.0000067494		0.0038539994

		3.95E-07		0.0000067837		0.0038834191

		3.96E-07		0.0000068181		0.0039129882

		3.97E-07		0.0000068526		0.003942707

		3.98E-07		0.0000068871		0.0039725758

		3.99E-07		0.0000069218		0.0040025952

		4.00E-07		0.0000069565		0.0040327654

		4.01E-07		0.0000069913		0.0040630868

		4.02E-07		0.0000070263		0.0040935598

		4.03E-07		0.0000070613		0.0041241848

		4.04E-07		0.0000070963		0.0041549622

		4.05E-07		0.0000071315		0.0041858923

		4.06E-07		0.0000071668		0.0042169756

		4.07E-07		0.0000072021		0.0042482123

		4.08E-07		0.0000072376		0.0042796029

		4.09E-07		0.0000072731		0.0043111478

		4.10E-07		0.0000073087		0.0043428473

		4.11E-07		0.0000073444		0.0043747018

		4.12E-07		0.0000073802		0.0044067117

		4.13E-07		0.000007416		0.0044388773

		4.14E-07		0.000007452		0.0044711991

		4.15E-07		0.000007488		0.0045036774

		4.16E-07		0.0000075242		0.0045363126

		4.17E-07		0.0000075604		0.0045691051

		4.18E-07		0.0000075967		0.0046020553

		4.19E-07		0.0000076331		0.0046351635

		4.20E-07		0.0000076696		0.0046684301

		4.21E-07		0.0000077061		0.0047018555

		4.22E-07		0.0000077428		0.00473544

		4.23E-07		0.0000077795		0.0047691841

		4.24E-07		0.0000078163		0.0048030882

		4.25E-07		0.0000078533		0.0048371525

		4.26E-07		0.0000078903		0.0048713775

		4.27E-07		0.0000079273		0.0049057636

		4.28E-07		0.0000079645		0.0049403111

		4.29E-07		0.0000080018		0.0049750204

		4.30E-07		0.0000080391		0.0050098919

		4.31E-07		0.0000080766		0.005044926

		4.32E-07		0.0000081141		0.0050801231

		4.33E-07		0.0000081517		0.0051154834

		4.34E-07		0.0000081894		0.0051510075

		4.35E-07		0.0000082272		0.0051866956

		4.36E-07		0.000008265		0.0052225482

		4.37E-07		0.000008303		0.0052585657

		4.38E-07		0.000008341		0.0052947484

		4.39E-07		0.0000083792		0.0053310966

		4.40E-07		0.0000084174		0.0053676109

		4.41E-07		0.0000084557		0.0054042915

		4.42E-07		0.0000084941		0.0054411388

		4.43E-07		0.0000085326		0.0054781532

		4.44E-07		0.0000085711		0.0055153351

		4.45E-07		0.0000086098		0.0055526849

		4.46E-07		0.0000086485		0.0055902029

		4.47E-07		0.0000086873		0.0056278895

		4.48E-07		0.0000087263		0.0056657452

		4.49E-07		0.0000087653		0.0057037702

		4.50E-07		0.0000088043		0.005741965

		4.51E-07		0.0000088435		0.0057803299

		4.52E-07		0.0000088828		0.0058188653

		4.53E-07		0.0000089221		0.0058575716

		4.54E-07		0.0000089616		0.0058964491

		4.55E-07		0.0000090011		0.0059354983

		4.56E-07		0.0000090407		0.0059747196

		4.57E-07		0.0000090804		0.0060141132

		4.58E-07		0.0000091202		0.0060536796

		4.59E-07		0.00000916		0.0060934192

		4.60E-07		0.0000092		0.0061333323

		4.61E-07		0.00000924		0.0061734193

		4.62E-07		0.0000092802		0.0062136806

		4.63E-07		0.0000093204		0.0062541166

		4.64E-07		0.0000093607		0.0062947276

		4.65E-07		0.0000094011		0.0063355141

		4.66E-07		0.0000094416		0.0063764763

		4.67E-07		0.0000094821		0.0064176147

		4.68E-07		0.0000095228		0.0064589297

		4.69E-07		0.0000095635		0.0065004217

		4.70E-07		0.0000096043		0.0065420909

		4.71E-07		0.0000096453		0.0065839379

		4.72E-07		0.0000096863		0.0066259629

		4.73E-07		0.0000097273		0.0066681663

		4.74E-07		0.0000097685		0.0067105486

		4.75E-07		0.0000098098		0.0067531101

		4.76E-07		0.0000098511		0.0067958512

		4.77E-07		0.0000098926		0.0068387722

		4.78E-07		0.0000099341		0.0068818736

		4.79E-07		0.0000099757		0.0069251557

		4.80E-07		0.0000100174		0.0069686189

		4.81E-07		0.0000100592		0.0070122636

		4.82E-07		0.000010101		0.0070560901

		4.83E-07		0.000010143		0.0071000989

		4.84E-07		0.000010185		0.0071442902

		4.85E-07		0.0000102272		0.0071886646

		4.86E-07		0.0000102694		0.0072332223

		4.87E-07		0.0000103117		0.0072779638

		4.88E-07		0.0000103541		0.0073228893

		4.89E-07		0.0000103966		0.0073679994

		4.90E-07		0.0000104391		0.0074132944

		4.91E-07		0.0000104818		0.0074587746

		4.92E-07		0.0000105245		0.0075044404

		4.93E-07		0.0000105673		0.0075502923

		4.94E-07		0.0000106103		0.0075963305

		4.95E-07		0.0000106533		0.0076425555

		4.96E-07		0.0000106963		0.0076889677

		4.97E-07		0.0000107395		0.0077355674

		4.98E-07		0.0000107828		0.007782355

		4.99E-07		0.0000108261		0.0078293308

		5.00E-07		0.0000108696		0.0078764953

		5.01E-07		0.0000109131		0.0079238489

		5.02E-07		0.0000109567		0.0079713919

		5.03E-07		0.0000110004		0.0080191246

		5.04E-07		0.0000110442		0.0080670476

		5.05E-07		0.000011088		0.008115161

		5.06E-07		0.000011132		0.0081634655

		5.07E-07		0.000011176		0.0082119612

		5.08E-07		0.0000112202		0.0082606486

		5.09E-07		0.0000112644		0.008309528

		5.10E-07		0.0000113087		0.0083585999

		5.11E-07		0.0000113531		0.0084078646

		5.12E-07		0.0000113976		0.0084573225

		5.13E-07		0.0000114421		0.008506974

		5.14E-07		0.0000114868		0.0085568194

		5.15E-07		0.0000115315		0.0086068592

		5.16E-07		0.0000115763		0.0086570936

		5.17E-07		0.0000116213		0.0087075232

		5.18E-07		0.0000116663		0.0087581482

		5.19E-07		0.0000117113		0.0088089691

		5.20E-07		0.0000117565		0.0088599861

		5.21E-07		0.0000118018		0.0089111998

		5.22E-07		0.0000118471		0.0089626105

		5.23E-07		0.0000118926		0.0090142185

		5.24E-07		0.0000119381		0.0090660242

		5.25E-07		0.0000119837		0.009118028

		5.26E-07		0.0000120294		0.0091702303

		5.27E-07		0.0000120752		0.0092226315

		5.28E-07		0.000012121		0.009275232

		5.29E-07		0.000012167		0.009328032

		5.30E-07		0.000012213		0.0093810321

		5.31E-07		0.0000122592		0.0094342325

		5.32E-07		0.0000123054		0.0094876337

		5.33E-07		0.0000123517		0.0095412361

		5.34E-07		0.0000123981		0.0095950399

		5.35E-07		0.0000124446		0.0096490456

		5.36E-07		0.0000124911		0.0097032536

		5.37E-07		0.0000125378		0.0097576643

		5.38E-07		0.0000125845		0.0098122779

		5.39E-07		0.0000126313		0.009867095

		5.40E-07		0.0000126783		0.0099221159

		5.41E-07		0.0000127253		0.0099773409

		5.42E-07		0.0000127723		0.0100327704

		5.43E-07		0.0000128195		0.0100884049

		5.44E-07		0.0000128668		0.0101442446

		5.45E-07		0.0000129141		0.0102002901

		5.46E-07		0.0000129616		0.0102565416

		5.47E-07		0.0000130091		0.0103129995

		5.48E-07		0.0000130567		0.0103696642

		5.49E-07		0.0000131044		0.0104265361

		5.50E-07		0.0000131522		0.0104836155

		5.51E-07		0.0000132		0.0105409029

		5.52E-07		0.000013248		0.0105983986

		5.53E-07		0.000013296		0.010656103

		5.54E-07		0.0000133442		0.0107140165

		5.55E-07		0.0000133924		0.0107721394

		5.56E-07		0.0000134407		0.0108304722

		5.57E-07		0.0000134891		0.0108890152

		5.58E-07		0.0000135376		0.0109477687

		5.59E-07		0.0000135861		0.0110067333

		5.60E-07		0.0000136348		0.0110659091

		5.61E-07		0.0000136835		0.0111252967

		5.62E-07		0.0000137323		0.0111848964

		5.63E-07		0.0000137813		0.0112447085

		5.64E-07		0.0000138303		0.0113047335

		5.65E-07		0.0000138793		0.0113649718

		5.66E-07		0.0000139285		0.0114254236

		5.67E-07		0.0000139778		0.0114860895

		5.68E-07		0.0000140271		0.0115469697

		5.69E-07		0.0000140766		0.0116080647

		5.70E-07		0.0000141261		0.0116693747

		5.71E-07		0.0000141757		0.0117309003

		5.72E-07		0.0000142254		0.0117926418

		5.73E-07		0.0000142752		0.0118545995

		5.74E-07		0.000014325		0.0119167738

		5.75E-07		0.000014375		0.0119791652

		5.76E-07		0.000014425		0.012041774

		5.77E-07		0.0000144752		0.0121046005

		5.78E-07		0.0000145254		0.0121676452

		5.79E-07		0.0000145757		0.0122309083

		5.80E-07		0.0000146261		0.0122943904

		5.81E-07		0.0000146766		0.0123580918

		5.82E-07		0.0000147271		0.0124220129

		5.83E-07		0.0000147778		0.012486154

		5.84E-07		0.0000148285		0.0125505154

		5.85E-07		0.0000148793		0.0126150977

		5.86E-07		0.0000149303		0.0126799012

		5.87E-07		0.0000149813		0.0127449262

		5.88E-07		0.0000150323		0.0128101732

		5.89E-07		0.0000150835		0.0128756424

		5.90E-07		0.0000151348		0.0129413343

		5.91E-07		0.0000151861		0.0130072493

		5.92E-07		0.0000152376		0.0130733878

		5.93E-07		0.0000152891		0.01313975

		5.94E-07		0.0000153407		0.0132063365

		5.95E-07		0.0000153924		0.0132731475

		5.96E-07		0.0000154442		0.0133401835

		5.97E-07		0.000015496		0.0134074448

		5.98E-07		0.000015548		0.0134749318

		5.99E-07		0.0000156		0.0135426449

		6.00E-07		0.0000156522		0.0136105844

		6.01E-07		0.0000157044		0.0136787509

		6.02E-07		0.0000157567		0.0137471445

		6.03E-07		0.0000158091		0.0138157657

		6.04E-07		0.0000158616		0.0138846149

		6.05E-07		0.0000159141		0.0139536925

		6.06E-07		0.0000159668		0.0140229988

		6.07E-07		0.0000160195		0.0140925342

		6.08E-07		0.0000160723		0.0141622991

		6.09E-07		0.0000161253		0.0142322939

		6.10E-07		0.0000161783		0.0143025189

		6.11E-07		0.0000162313		0.0143729745

		6.12E-07		0.0000162845		0.0144436611

		6.13E-07		0.0000163378		0.0145145792

		6.14E-07		0.0000163911		0.0145857289

		6.15E-07		0.0000164446		0.0146571109

		6.16E-07		0.0000164981		0.0147287253

		6.17E-07		0.0000165517		0.0148005726

		6.18E-07		0.0000166054		0.0148726532

		6.19E-07		0.0000166592		0.0149449674

		6.20E-07		0.000016713		0.0150175157

		6.21E-07		0.000016767		0.0150902984

		6.22E-07		0.000016821		0.0151633158

		6.23E-07		0.0000168752		0.0152365684

		6.24E-07		0.0000169294		0.0153100566

		6.25E-07		0.0000169837		0.0153837806

		6.26E-07		0.0000170381		0.015457741

		6.27E-07		0.0000170926		0.015531938

		6.28E-07		0.0000171471		0.0156063721

		6.29E-07		0.0000172018		0.0156810436

		6.30E-07		0.0000172565		0.0157559529

		6.31E-07		0.0000173113		0.0158311005

		6.32E-07		0.0000173663		0.0159064865

		6.33E-07		0.0000174213		0.0159821115

		6.34E-07		0.0000174763		0.0160579759

		6.35E-07		0.0000175315		0.0161340799

		6.36E-07		0.0000175868		0.016210424

		6.37E-07		0.0000176421		0.0162870086

		6.38E-07		0.0000176976		0.016363834

		6.39E-07		0.0000177531		0.0164409005

		6.40E-07		0.0000178087		0.0165182087

		6.41E-07		0.0000178644		0.0165957589

		6.42E-07		0.0000179202		0.0166735514

		6.43E-07		0.000017976		0.0167515866

		6.44E-07		0.000018032		0.0168298649

		6.45E-07		0.000018088		0.0169083867

		6.46E-07		0.0000181442		0.0169871524

		6.47E-07		0.0000182004		0.0170661623

		6.48E-07		0.0000182567		0.0171454168

		6.49E-07		0.0000183131		0.0172249163

		6.50E-07		0.0000183696		0.0173046611

		6.51E-07		0.0000184261		0.0173846517

		6.52E-07		0.0000184828		0.0174648885

		6.53E-07		0.0000185395		0.0175453717

		6.54E-07		0.0000185963		0.0176261018

		6.55E-07		0.0000186533		0.0177070792

		6.56E-07		0.0000187103		0.0177883042

		6.57E-07		0.0000187673		0.0178697772

		6.58E-07		0.0000188245		0.0179514986

		6.59E-07		0.0000188818		0.0180334688

		6.60E-07		0.0000189391		0.0181156882

		6.61E-07		0.0000189966		0.018198157

		6.62E-07		0.0000190541		0.0182808758

		6.63E-07		0.0000191117		0.0183638449

		6.64E-07		0.0000191694		0.0184470646

		6.65E-07		0.0000192272		0.0185305354

		6.66E-07		0.000019285		0.0186142575

		6.67E-07		0.000019343		0.0186982315

		6.68E-07		0.000019401		0.0187824576

		6.69E-07		0.0000194592		0.0188669363

		6.70E-07		0.0000195174		0.018951668

		6.71E-07		0.0000195757		0.0190366529

		6.72E-07		0.0000196341		0.0191218915

		6.73E-07		0.0000196926		0.0192073842

		6.74E-07		0.0000197511		0.0192931313

		6.75E-07		0.0000198098		0.0193791333

		6.76E-07		0.0000198685		0.0194653904

		6.77E-07		0.0000199273		0.0195519032

		6.78E-07		0.0000199863		0.0196386718

		6.79E-07		0.0000200453		0.0197256969

		6.80E-07		0.0000201043		0.0198129786

		6.81E-07		0.0000201635		0.0199005174

		6.82E-07		0.0000202228		0.0199883137

		6.83E-07		0.0000202821		0.0200763678

		6.84E-07		0.0000203416		0.0201646801
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