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Introduction

This project was concerned with the development of a robust accelerometer based on modern MEMS technology and the giant magnetoresistive effect (GMR effect).  The proposed device consists of a GMR sensor mounted on a suitable substrate. In close proximity to the sensor, a hard thin-film permanent magnet would be deposited on a thin membrane fabricated using MEMS (micro electromechanical systems) technology. Acceleration of the sensor would cause a deflection of the thin MEMS membrane, resulting in a change in the magnetic field near the sensor. This change in field would be detected by the spin valve and could be routed to suitable electrical circuitry. The resulting sensor would be sensitive, robust and could be fabricated very inexpensively. 

During the course of this project a GMR based sensor, a spin valve, was developed and fabricated. Spin valves based on Co/Cu/FeMn, NiFe/Cu/NiFe/FeMn and NiFe/Co/Cu/NiFe/FeMn were fabricated and evaluated. It was determined that the NiFe/Cu/NiFe/FeMn system was most suitable for this application. Although this system showed somewhat lower GMR effect than the Co based systems, it was more sensitive to small fields and was thus more appropriate for the proposed application. Several different sensors configuration were fabricated and evaluated for their performance.

The Giant Magnetoresistive Effect



The motion transducer is based on the giant magnetoresistive  (GMR) effect. A GMR sensor is a multi-layer device, whose operation is based upon spin-dependent scattering of electrons, depending upon the magnetic state of the structure. The basic structure was discovered in 1991 and has been termed a "spin valve". The basic structure of the spin valve is shown in Figure 1. It consists of two ferromagnetic layers separated 

                           Figure 1. Basic Spin Valve Structure
by a very thin non-magnetic layer. Because of shape anisotropy, the magnetization of both of the ferromagnetic layers lie in-plane. Usually, the magnetization in one ferromagnetic layer is fixed, or pinned along a predetermined direction. The magnetization in the other or "free" layer is allowed to rotate under the influence of an external magnetic field. 

Scattering of electrons in both magnetic layers is spin-dependent. That is, electrons with their spins aligned parallel to the magnetization have quite long mean free paths, while electrons with their spins aligned anti-parallel to the magnetization have short mean free paths. This comes about from splitting of the d-bands in the material due to exchange interaction with the external field. The d-band for electrons aligned with the magnetic field is pushed down below the Fermi level, and becomes completely filled. As a result there are no allowed states into which d-band electrons can scatter, and only 4-s electrons undergo scattering. The d-band for anti-aligned electrons is pushed up such that the Fermi level runs nearly through the middle, and hence there are many empty states into which electrons can scatter, and so the mean free path is reduced. 



The spin valve magnetic sensor is simply the basic spin valve device, with a bias current flowing through it. Electrons associated with the bias current flow down the device and are scattered back and forth between the two magnetic layers. 



Figure 2 GMR Sensor

When the both layers have their magnetization aligned with one another, half of the electrons (with the preferred spin state) always experience very low scattering regardless of whether they are in the upper or lower magnetic layer.  Hence they represent a relatively low resistance path through the sensor, which we can call 2Raligned



Electrons with their spin orientated anti-parallel to the magnetic field suffer a large number of collisions, and hence represent a relatively high resistance path, which we can call 2Runaligned.. 

              Figure 3. Resistor representation of GMR sensor with aligned layers

These two resistors are in parallel with one another, and hence the effective resistance of the sensor is 
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When the magnetic fields in then two ferromagnetic layers are aligned in opposite Figure 4. Resistor representation when layers are aligned in opposite directions 

directions all of the electrons, regardless of their spin orientation experience a resistance of Raligneed and Runaligned as they scatter back an forth between a layer where they are aligned with the field in that layer to the other, where their spin is anti-parallel to the field in the ferromagnet. 

.In this case, the resistance of the device is simply
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One of the primary figures of merit for a GMR spin valve is called the GMR ratio which is simply the change in resistance of the device normalized to the unaligned resistance and is given by the expression 
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In practice, the orientation of the magnetic field in the "free" layer can take on any value from complete alignment with the pinned layer, to being aligned in the opposite direction. The resistance is given by
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When is approximately /2 the response of the GMR sensor is at its maximum, and is approximately linear for small changes in alignment. On the other hand when  is either zero or , the small signal response goes essentially to zero. 

Fabrication Techniques

The general procedures developed for fabricating the GMR vibration detector will be outlined in this section . A detail procedure, in list format, is included at the end of this report.  The GMR elements used in the vibration sensor are fabricated using physical vapor deposition by DC magnetron sputtering. The sputtering chamber which was used was made out of stainless steel and was 30" in diameter. The chamber is pumped by a 12" APB cryopump, and can achieve a minimum base pressure of about 10-8 torr. It is equipped with a load lock and transfer arm, so that samples may be laced in the chamber without breaking vacuum. The chamber has 5 separate ports to which sputter guns may be attached. The sample is mounted on a sample stage which can then be conveniently rotated to any particular target for deposition of the desired material. A sketch of the chamber is shown in Figure 5.

                      

                     Figure 5.  Deposition Chamber

The film thickness is controlled by the amount of energy delivered to the sputter gun, the argon pressure in the chamber and the sputtering time. The deposition rate for each target is determined by measuring the thickness of several calibration samples using low angle x-ray diffraction. By observing the separation of various Bragg peaks as the sample is rotated it is possible to measure the film thickness with an accuracy of only a few Å. A special holder was designed and built which permits the application of approximately 50 Oe of magnetic field bias during the deposition process in order to set the direction of magnetization of the pinned layer. 

All layers were sputter deposited with a pressure of 1.0 ± 0.1 millitorr argon, with DC power of from 30 to 50 Watts applied to the 1.3" diameter MiniMak targets. In most cases the target to substrate separation was 6", and deposition rates of from 0.7 to 3.6 Å/sec were observed. Specific details are listed in the Appendix. 

The most important considerations for fabrication of spin valve multi layers are cleanliness and film smoothness. Surface roughness between layers increases magnetic coupling between the two layers, and might result in unintentional pinning of the "free" layer in the spin valve. Impurities incorporated into the films during deposition results in increased electron scattering, and can degrade the GMR ratio. 

Silicon wafers were chosen for the substrate material because they are quite flat and smooth and are readily available for reasonable cost. The wafers were cleaned in a dilute HF acid etch. They were  then placed in an oxidation furnace, and an insulating oxide layer of several thousand Å was grown by wet oxidation in steam at 1000o C. The oxide layer was needed to provide electrical isolation between the GMR device and the silicon substrate.

The wafers were then scribed into squares about 2 mm by 2 mm and were used as substrates in the sputter deposition system.  In order to fabricate the proposed GMR sensor it is necessary to pattern the GMR film into the desired shape. Attempts to achieve this by sputtering though a shadow mask were unsuccessful, because of magnetic coupling around the rather soft and ill-defined edges of the device.

Ion milling would have provided an excellent method for defining the device shape, but this capability was not available here at Rice University. In its place, a rather sophisticated lift-off technique was developed. Prior to film deposition, photoresist is applied to the substrate and baked. The photoresist is patterned in such a way that it remains on the substrate everywhere that we do not want a final GMR film. Then, after the sputter deposition process is completed, the remaining photoresist is dissolved in acetone, lifting off the unwanted metal in the process.

The main problem with this technique is that the metal tends to deposit on the side walls of the photoresist, making lift-off somewhat difficult, and it often results in ragged edges of the device which can degrade GMR performance. A technique was developed whereby the photoresist pattern ends up being undercut after development. This then "shadows" the deposition of the metal films, resulting in much superior lift-off. The undercutting is achieved by soaking the freshly exposed pattern to chlorobenzene for about 15 minutes , followed by a post-bake.



         


   Figure 6.  Regular photoresist profile and undercut resist profile

Once the GMR films had been deposited, they were characterized by measuring their magnetization characteristics in a vibrating sample magnetometer. Basically, the film is placed between the pole pieces of a well-controlled electromagnetic. The sample is attached to a rod, which is driven into vibration by a drive head. A pair of pick-up coils and a lock-in amplifier detect the voltage induced in the coils by the vibrating sample, whose amplitude is proportional to the magnetization of the sample.

Magnetic Characterization

For any ferromagnetic materials, when an external field is applied, the domains aligned along the direction of the applied field grow, while those pointing in other directions shrink. "Sticking" of domain walls introduces some hysteresis, resulting in the familiar ferromagnetic magnetization curve.
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Figure 7. Domain growth an magnetization curve.

For a virgin sample, starting at point (a), the application of an applied field grows the favored domain until it almost entirely fills the sample, at which point (c) we say that it is saturated. The value of M at this point is called the saturation magnetization, or Ms. As the applied field is reduced back to zero, the domains relax somewhat, but do not go back to their original state, and hence there is some remanence magnetization as at (d). A reverse filed, called the coercivity field HC is required to bring the magnetization back down to zero. 

If a material such as Permalloy is deposited in the presence of an applied external field, there will be built into the material a preferred direction of magnetization. This is called anisotropy.  The preferred direction is called the "easy axis" of magnetization, while the perpendicular direction is called the "hard axis". If, after the film has been deposited, an external field is applied along the easy axis the magnetization will occur primarily by domain wall motion, and an open hysteresis loop is obtained. If the external field is applied along the hard axis, magnetization occurs primarily by  rotation, and a more or less linear M-H loop is obtained.
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    Figure 8. Easy and hard axis M-H loops for a Permalloy film.

In the spin valves reported here, one of the two ferromagnetic layers is pinned in a preferred direction by coupling it to an adjacent antiferromagnetic  layer. By depositing the antiferromagnetic layer in the presence of an external field, the direction of its magnetization is set, which then "pins" the magnetization of the neighboring ferromagnetic layer. A non-magnetic layer is deposited between the pinned ferromagnetic layer and the "free" layer. The magnetization of the free layer is coupled to the pinned through the non-magnetic layer by Néel coupling,  which comes from the non-planarity of the film structure.






                Figure 9. Néel coupling between two ferromagnetic layers
This coupling between the pinned and free layers results in an off-set of the M-H loop of the free layer by and amount called Hex, the exchange field. The exchange field is a direct
                          Figure 10. M-H loop of a free layer couple to a pinned layer

measurement of the exchange coupling across the non-magnetic interface. In a spin valve the pinned and free layers are usually fairly heavily coupled, and is strongly influenced by the thickness of the non-magnetic layer.

Spin Valve Overview and Characterization

The basic structure of a complete spin-valve device is shown in Figure 11.




Figure 11. Spin valve structure. 

The substrate is the silicon dioxide surface of the oxidized silicon wafer. Tantalum is first applied as a seed layer. It provides for a very smooth surface, and also promotes adhesion of the subsequent magnetic layers. Cobalt, Permalloy or an alloy of nickle, cobalt anf iron are usually chosen for the free and pinned ferromagnetic layers.  Permalloy is the softest (lowest coercivity) material and is chosen for low field applications. Permalloy GMR spin valves achieve GMR ratios on the order of 5%. Copper is often used as the spacer layer, as it is non-magnetic yet still provides a low-scattering communication for electrons from one magnetic layer to the other. Finally an additional capping layer of Tantalum is added to protect the GMR device from corrosion. The films used in this work were Peramalloy-based, with an iron-manganese antiferromagnetic layer. The spacer layer was copper.

There are several choices for orientation of both the anisotropy direction in the free layer, as well as the applied external field for a GMR sensor. One approach is to make the easy axis of the free layer aligned with the direction of the pinned layer. This results in a large GRM ratio, but shows a large amount of hysteresis in the R-vs-H curve which makes it undesirable for device applications. 
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Figure 12. Pinned layer, easy axis and applied field all along same direction.

An alternative approach is to align the easy axis of the free layer with that of the pinned layer, but apply the external magnetic field in the perpendicular direction. 
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        Figure 13. Applied field perpendicular to the pinned layer and easy axis.

The change is resistance is less for this configuration, since the alignment of the free layer never gets more than ± 90o from the direction of the pinned layer. 

The best sensing configuration for a simple spin valve is referred to as the "crossed easy axis" configuration. In this approach, the pinning direction is perpendicular to the easy axis of the free layer, and the applied field is also aligned perpendicular to the free layer easy axis.
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                    Figure 14. Crossed easy axis configuration.

The GMR ratio is again near its maximum value, and the response is linear and relatively hysteresis free. In order to achieve this configuration, the field applied during deposition must be rotated 90o between the deposition of the free layer and the antiferromagnetic pinning layer, or the device must be heated above the Néel temperature of the antiferromagnetic layer, and an external rotating field applied to the device.

The thickness of the copper spacer layer is critical to good device performance. It must be thin enough so that electrons can pass though without scattering, yet it must be thick enough so that the free layer is not too strongly coupled to the pinned layer, in order that it may respond to an external magnetic field. . Figure 15 shows the dependence of GMR ration on copper thickness. 




Figure 15. Dependence of GMR ratio on copper spacer layer thickness

If the copper is too thin (below 20 Å or so) the two magnetic layers are coupled together, and hence very little GMR ratio is seen. As the copper gets thicker, electron scattering as well as conductive shunting by the copper film itself lower the GMR ratio. 

The thickness of the Permalloy ferromagnetic layers can also influence device performance. This is primarily through changes in Permalloy grain size. As seen in Figure 16, shows the results of X-ray studies of grain size  as a function of film thickness.




Figure 16. Grain size as a function of Permalloy thickness

Because of increased surface coverage and lower defect density (larger grain size) there is a pronounced minimum in coercivity field at around 80 Å of thickness. This result is in good agreement with observations made by other workers in the field



         Figure 17  Coercivity of Permalloy film as a function of thickness.
The GMR ratio is also a function of Permalloy film thickness. For films that are too thin, electron scattering at the film interfaces begins to dominate the resistance. Since interface scattering is not spin dependent, it shows no GMR effect. If the Permalloy film becomes too thick, its overall resistance begins to decrease, and in effect short out the GMR effect. 




Figure 18. GMR ratio as a function of Permalloy thickness. 

As can be seen in Figure 18, the optimum Permalloy thickness is between 50 and 75 Å. 

The magnetic coupling between the free and pinned layers is also affected by the thickness of the Permalloy layer. For thin layers, it decreases roughly as 1/t, where t is the film thickness. This is because as the film gets thicker, the moment arm for rotations also increase and the magnetization becomes more continuous. For thicker films however, the grain size, and hence the roughness increase, and the Néel coupling between the layers increases. The ferromagnetic coupling between the layers is also proportional to their thickness which leads to a greater coupling field. These effects are seen in Figure 19.




Figure 19. Inter-level coupling field as a function of Permalloy thickness.

Finally, the argon pressure in the sputtering chamber during deposition can effect the sensitivity of the film. Increasing argon pressure results in rougher films, and hence greater Néel coupling through the non-magnetic copper layer. This increased coupling makes it more difficult to rotate the free layer, and hence reduces the GMR ratio. This is shown in Figure 20, which plots the response of a set of Ta 50/Py 50/Cu 35/Py 50/FeMn 120/Ta 50 devices to an applied field for various argon sputtering pressures.




Figure 20.  GMR response for films sputtered at different argon pressure.

Also as part of this work, a number of studies were made on the noise characteristics of the GMR spin valve devices. A special probe station was constructed with a custom electromagnet which could be used to both bias the spin valve as well as apply a small ac signal field. The magnet was machined from HyMu alloy and with the use of a programmable power supply, generate fields up to 200 Oe (which was limited by the saturation of the HyMu alloy) A six probe measurement set-up was also constructed. 
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Figure 21. Experimental set up for noise studies

One pair of leads was used to provide bias current to the spin valve. The other four probes were used to measure the noise voltage across the device. The two sets of probes were amplified independently, using very low noise instrumentation amplifiers, and the resultant data stored in a computer. Taking a cross correlation of the two sets of data removes the (uncorrelated) noise from the instrumentation amplifiers, leaving only the intrinsic noise of the GMR spin valve.

The low frequency noise spectrum from a typical Permalloy/copper/Permalloy GMR spin valve is shown in Figure 22.



           Figure 22.  Low frequency noise spectrum of GMR spin valve device.

These characteristics are important for they will determine the performance limit of any potential GMR based accelerometer. As can be seen in Figure 21, The low frequency noise exceeds the resistive Johnson noise by about 2 orders of magnitude, and displays a characteristic 1/f frequency dependence. 

Typical response of the noise power as a function of applied magnetic field for a crossed easy axis device is shown in Figure 23.




                   Figure 23. Noise power as a function of bias field for a crossed easy axis GMR spin valve.

Since the noise power correlates directly with the sensitivity of the GMR device (as indicated by the slope of the resistance v. field curve) it is clear that the noise is a direct result of the GMR effect, and not due to contacts or other related phenomena. We did find some indication that higher quality films exhibited less noise than lower quality ones, and so it may  be possible to use noise characterization as a means for judging the quality of a GMR spin valve.

 GMR Spin Valve Based Accelerometer Construction
The initial design for the spin valve based sensor is shown below in Figure 24.

Figure 24.  Cross section of Accelerometer

An oxidized silicon substrate was first patterned with photoresist which had been treated with chlorobenzene to created an undercut profile to the photoresist pattern. The substrate was then placed in the sputtering chamber and subsequent. layers of Ta,  NiFe (Permalloy) Cu, NiFe/FeMn and Ta were deposited. The substrate was removed from the sputtering apparatus, and then immersed in acetone to lift off the unwanted spin valve material. Copper contact pads were sputtered onto the substrate, using a shadow mask to define their placement. 

The micromachined silicon nitride membranes were prepared for JPL by an outside vendor and supplied to us. The nitride membranes were 0.5 m thick with die sizes from 2mm square up to 5 mm square. The larger membranes were quite fragile, and often broke during processing. After a potassium hydroxide soak to remove silicon dust, they were rinsed in DI water and baked dry. 



A hard Co0.7Pt.3 layer was deposited on silicon nitride membrane through a shadow mask. The shadow masks were fabricated from silicon wafers, also using MEMS technology. First a silicon nitride layer was deposited on both side of the silicon by reactively sputtering silicon in a 10% N2 in argon atmosphere. One side was then patterned with photoresist and etched by plasma etching (using PolyEtch gas) to open a window in the silicon nitride.  The photoresist is removed, and the silicon is etched in a 30% KOH solution at 80o C. The etch takes about 4 hours to completely go through the silicon, etching preferentially along the <111> direction. The process steps are illustrated in Figure 25 below.

Figure 25. MEMS process steps for making a shadow mask or sensor membrane.

Figure 26 shows a M-H loop for one of the hard CoPt permanent magnet layers.




Figure 26. Magnetic Characterization of the CoPt thin film.

The difficulty with this sensor design turned out to be in the bonding process between the substrate containing the GMR spin valve and the MEMS membrane which supported the CoPt magnet. We tried several materials for the spacer layer; silicon nitride, silicon dioxide and photoresist. The nitride could be patterned by masking during deposition. The oxide was hard to etch because of masking problems, and was not used in the end. The photoresist was relatively straightforward to use. The magnetic sensor and magnet/membrane were pressed together and epoxy bonded.  A figure of a completed device is shown in Figure 27.



Figure 27. Photo of initial device prototype. Overall device is about 1.5 cm. square. The GMR sensor and contacting copper leads can be seen in the center under the membrane

Unfortunately, we were not able to observe any vibration response from the devices which were fabricated. It is now believed that the fringing fields  from the bar design magnet were too non-uniform to cause more than just a small portion of the spin valve to switch at any given position. 

In light of the lack of response of the initial accelerometer design, a second design and fabrication process was devised. This design is based on placing the sensor on the membrane, rather than the permanent magnet, and then placing the resultant device in a strong magnetic field gradient created by a pair of external magnets. The basic process steps are outlined in Figure 28



Figure 28. Proposed new process for making MEMS accelerometer.

Staring with a <100> silicon wafer (a), have low stress silicon nitride deposited on both sides (b). Deposit photoresist on both sides of the wafer (c), expose and develop one side of the wafer to create a window (d). Using a plasma etching, etch away the silicon nitride on that side (e). Using the standard techniques, deposit a GMR device on the top side of the wafer. Using a special protective holder (shown in Figure 29.) protect the top side of the wafer while the bottom is immersed in KOH to etch away the silicon, leaving the GRM sensor suspended on the nitride membrane.



                Figure 29. Sample holder for etching.

The holder is constructed of Teflon and is designed to protect the top layer containing the GMR sensor while the silicon is being etched to free the nitride membrane. 

Once completed, the device can be mounted in between two permanent magnets who have similar poles facing one another. The creates a very strong magnetic field gradient in the region around the GMR sensor, and also makes using the crossed easy axis configuration quite straightforward. Altering the bias field on the device is also greatly simplified, since it only needs to be moved back and forth in between the two permanent magnets. Unfortunately, limitations in time, personnel and funding did not allow us to completely work out all of the issues in developing this process before the research period ended.

Appendix: Specific process steps for fabricating GMR spin valve sensors.

1. Etch silicon wafers in HF to clean off residual oxide.

2. Oxidize wafers at 950o C in oxygen for 2-3 hours

3. Scribe wafers into suitable size substrates

4. Pre-bake to dry substrate at > 150o C for 30 minutes

5. Apply Shipley 1813  photoresist and softbake at 90o C for 30 min.

6. Expose photoresist to inverse of spin valve pattern

7. Soak substrate in chlorobenzene for 15 minutes

8. Bake at 800 C for 15 minutes

9. Develop resist for 2 minutes in Shipley MF-20 developer.

10. Place substrate in sputter apparatus and deposit spin valve. (Times and power will vary with the specific apparatus used, which will have to be calibrated.). One millitorr of argon pressure is recommended for the sputtering pressure. For our system the following was used:

Target 

Material
Power 

Watts
Ar Pressure

millitorr
Separation

inches
Deposition Rate

Å/sec

Tantalum
50
1
6
0.77

Permalloy 
50
1
6
0.72

Copper
30
1
6
1.23

Iron Manganese
30
1
3
3.63

Cobalt
50
1
6
0.86

11. Typical layer thicknesses were: Ta 50Å, NiFe 75Å, Cu 27 Å, NiFe , NiFe 50 Å, FeMn 120 Å, Ta 50Å.  Typical device dimensions were 150 m wide by 900 m long.

12. Remove substrate, mount shadow ask and return to sputter chamber.

13. Sputter on copper contacts. 
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192.2178

192.2083

192.1941

192.1817

192.1633

192.1473

192.1302

192.1083

192.0864

192.0627

192.0308

191.9994

191.9645

191.9213

191.8763

191.8195

191.7603

191.6941

191.6107

191.5225

191.4201

191.287

191.145

190.9633

190.7681

190.4863

190.1508

189.8705

189.5707

189.2425

188.9639

188.6984

188.492

188.3442

188.2419

188.2034

188.2005

188.2111

188.2679

188.3507

188.4524

188.576

188.7079

188.8468

188.9811

189.1041

189.236

189.3483

189.4577

189.5642

189.6517

189.7374

189.8108

189.8758

189.9403

189.9941

190.0449

190.0928

190.1348

190.1768

190.2111

190.2999

190.3319

190.3016

190.3253

190.3513

190.3708

190.3921

190.4685

190.4839

190.5574

190.5141

190.5271

190.5419

190.6083

190.6183

190.5726

190.5803

190.6444

190.5405

190.6598

190.6657

190.6158

190.6781

190.627

190.6318

190.6941
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		Field (Oe)		Resistance (ohms)				Field		Power/Octave

		-49.145		190.5843				-39.6		2.82E-13

		-48.115		190.5801				-39.22		2.86E-13

		-47.175		190.5766				-38.84		2.92E-13

		-46.14		190.573				-38.48		2.95E-13

		-45.195		190.5665				-38.1		2.88E-13

		-44.275		190.5612				-37.71		2.89E-13

		-43.24		190.5559				-37.33		2.88E-13

		-42.3		190.5494				-36.96		2.77E-13

		-41.36		190.5423				-36.58		2.99E-13

		-40.335		190.534				-36.21		2.89E-13

		-39.39		190.5251				-35.84		2.91E-13

		-38.355		190.5157				-35.41		3.06E-13

		-37.415		190.5044				-35.05		3.03E-13

		-36.465		190.4944				-34.67		2.97E-13

		-35.43		190.482				-34.29		2.94E-13

		-34.5		190.4701				-33.91		2.99E-13

		-33.55		190.4554				-33.53		3.28E-13

		-32.51		190.4394				-33.15		3.03E-13

		-31.57		190.4246				-32.78		3.05E-13

		-30.535		190.408				-32.39		3.06E-13

		-29.59		190.3897				-32.02		2.92E-13

		-28.645		190.3702				-31.64		3.07E-13

		-27.61		190.3465				-31.27		3.09E-13

		-26.665		190.3235				-30.89		2.96E-13

		-25.73		190.3004				-30.52		3.10E-13

		-24.69		190.2703				-30.13		3.05E-13

		-23.74		190.2425				-29.76		3.16E-13

		-22.8		190.2105				-29.39		3.20E-13

		-21.75		190.1727				-29.01		3.07E-13

		-20.82		190.1342				-28.64		3.20E-13

		-19.765		190.0887				-28.26		3.24E-13

		-18.825		190.0438				-27.88		3.15E-13

		-17.885		189.9947				-27.51		3.17E-13

		-16.84		189.9361				-27.14		3.27E-13

		-15.9		189.8758				-26.76		3.09E-13

		-14.95		189.8096				-26.38		3.19E-13

		-13.91		189.7321				-25.99		3.26E-13

		-12.96		189.6529				-25.62		3.29E-13

		-11.925		189.5594				-25.24		3.27E-13

		-10.97		189.4672				-24.87		3.17E-13

		-10.025		189.3666				-24.5		3.40E-13

		-8.98		189.246				-24.12		3.43E-13

		-8.04		189.1325				-23.73		3.25E-13

		-7.09		189.0112				-23.36		3.62E-13

		-6.05		188.8734				-22.99		3.48E-13

		-5.1		188.7469				-22.6		3.74E-13

		-4.075		188.6091				-22.23		3.70E-13

		-3.12		188.4879				-21.86		3.64E-13

		-2.175		188.3808				-21.48		3.88E-13

		-1.13		188.2785				-21.09		3.72E-13

		-0.18		188.2082				-20.72		4.12E-13

		-0.1		188.2017				-20.34		4.04E-13

		0.85		188.1597				-19.95		4.08E-13

		1.9		188.1561				-19.56		4.12E-13

		2.84		188.2005				-19.19		4.28E-13

		3.81		188.3116				-18.82		4.35E-13

		4.84		188.5423				-18.44		4.18E-13

		5.785		188.8102				-18.05		4.36E-13

		6.83		189.139				-17.68		4.44E-13

		7.79		189.4613				-17.3		4.50E-13

		8.73		189.7723				-16.93		4.88E-13

		9.78		190.0982				-16.55		4.82E-13

		10.74		190.3879				-16.17		5.06E-13

		11.695		190.6481				-15.8		5.08E-13

		12.73		190.8758				-15.41		4.85E-13

		13.685		191.0562				-15.04		5.05E-13

		14.74		191.2212				-14.67		4.97E-13

		15.69		191.4615				-14.28		5.32E-13

		16.63		191.5609				-13.91		5.40E-13

		17.68		191.5995				-13.53		5.48E-13

		18.63		191.7308				-13.15		5.58E-13

		19.58		191.7386				-12.78		5.85E-13

		20.64		191.8586				-12.4		6.02E-13

		21.58		191.9065				-12.02		6.07E-13

		22.64		191.9527				-11.65		6.21E-13

		23.59		191.9893				-11.26		6.42E-13

		24.54		192.0249				-10.89		6.21E-13

		25.59		192.058				-10.51		6.59E-13

		26.53		192.0834				-10.14		6.70E-13

		27.49		192.1053				-9.76		7.32E-13

		28.54		192.1284				-9.38		7.07E-13

		29.49		192.1491				-9		7.32E-13

		30.44		192.1669				-8.62		7.45E-13

		31.49		192.1834				-8.24		7.52E-13

		32.44		192.1965				-7.87		7.70E-13

		33.49		192.2106				-7.48		7.72E-13

		34.46		192.2189				-7.11		8.14E-13

		35.4		192.2284				-6.73		7.86E-13

		36.44		192.2385				-6.36		8.15E-13

		37.4		192.2462				-5.98		7.92E-13

		38.355		192.2527				-5.61		8.07E-13

		39.4		192.2604				-5.23		7.65E-13

		40.36		192.2645				-4.84		7.59E-13

		41.4		192.2692				-4.47		7.17E-13

		42.35		192.2734				-4.1		7.45E-13

		43.31		192.2781				-3.72		7.09E-13

		44.36		192.2817				-3.34		7.13E-13

		45.29		192.284				-2.95		6.89E-13

		46.255		192.2864				-2.58		6.38E-13

		47.31		192.2864				-2.2		6.28E-13

		48.26		192.2882				-1.82		5.76E-13

		49.31		192.2888				-1.45		5.63E-13

		49.315		192.2888				-1.06		5.24E-13

		48.28		192.2876				-0.7		4.61E-13

		47.345		192.2864				-0.32		4.31E-13

		46.3		192.2811				-0.13		2.81E-13

		45.36		192.2805				0.53		2.93E-13

		44.43		192.2793				1.77		2.62E-13

		43.4		192.2751				2.44		2.53E-13

		42.46		192.271				3		2.61E-13

		41.525		192.2675				3.67		3.04E-13

		40.49		192.2627				4.32		3.93E-13

		39.545		192.258				4.9		4.88E-13

		38.51		192.2515				5.56		6.70E-13

		37.57		192.2456				6.21		7.98E-13

		36.625		192.2385				6.78		9.75E-13

		35.59		192.2284				7.45		1.13E-12

		34.655		192.2178				8.11		1.26E-12

		33.7		192.2083				8.68		1.26E-12

		32.665		192.1941				9.34		1.36E-12

		31.72		192.1817				10.01		1.36E-12

		30.69		192.1633				10.58		1.33E-12

		29.745		192.1473				11.24		1.27E-12

		28.795		192.1302				11.9		1.17E-12

		27.76		192.1083				12.48		1.09E-12

		26.81		192.0864				13.13		1.02E-12

		25.87		192.0627				13.8		9.55E-13

		24.83		192.0308				14.38		8.82E-13

		23.88		191.9994				15.03		7.35E-13

		22.935		191.9645				15.7		6.85E-13

		21.89		191.9213				16.28		6.28E-13

		20.95		191.8763				16.93		6.07E-13

		19.9		191.8195				17.6		5.30E-13

		18.96		191.7603				18.16		5.33E-13

		18.02		191.6941				18.83		4.99E-13

		16.97		191.6107				19.49		4.47E-13

		16.03		191.5225				20.06		4.43E-13

		15.08		191.4201				20.72		4.18E-13

		14.035		191.287				21.38		4.05E-13

		13.08		191.145				21.96		3.91E-13

		12.05		190.9633				22.62		3.86E-13

		11.095		190.7681				23.29		3.58E-13

		10.14		190.4863				23.86		3.71E-13

		9.1		190.1508				24.53		3.54E-13

		8.15		189.8705				25.2		3.35E-13

		7.2		189.5707				25.76		3.39E-13

		6.16		189.2425				26.42		3.18E-13

		5.215		188.9639				27.09		3.14E-13

		4.18		188.6984				27.66		2.99E-13

		3.22		188.492				28.32		3.07E-13

		2.275		188.3442				28.98		3.17E-13

		1.23		188.2419				29.55		2.89E-13

		0.285		188.2034				30.22		3.00E-13

		0.2		188.2005				30.89		2.83E-13

		-0.75		188.2111				31.45		2.94E-13

		-1.79		188.2679				32.11		2.94E-13

		-2.735		188.3507				32.79		3.07E-13

		-3.69		188.4524				33.35		3.09E-13

		-4.72		188.576				34.02		3.04E-13

		-5.67		188.7079				34.69		2.77E-13

		-6.71		188.8468				35.25		2.92E-13

		-7.66		188.9811				35.92		2.95E-13

		-8.605		189.1041				36.59		2.90E-13

		-9.65		189.236				37.15		2.82E-13

		-10.6		189.3483				37.82		2.93E-13

		-11.55		189.4577				38.48		2.65E-13

		-12.59		189.5642				39.05		2.87E-13

		-13.545		189.6517				39.73		2.93E-13

		-14.59		189.7374

		-15.54		189.8108

		-16.49		189.8758

		-17.53		189.9403

		-18.48		189.9941

		-19.415		190.0449

		-20.475		190.0928

		-21.42		190.1348

		-22.47		190.1768

		-23.41		190.2111

		-24.37		190.2999

		-25.41		190.3319

		-26.355		190.3016

		-27.31		190.3253

		-28.35		190.3513

		-29.305		190.3708

		-30.25		190.3921

		-31.3		190.4685

		-32.24		190.4839

		-33.295		190.5574

		-34.25		190.5141

		-35.19		190.5271

		-36.23		190.5419

		-37.19		190.6083

		-38.14		190.6183

		-39.19		190.5726

		-40.15		190.5803

		-41.185		190.6444

		-42.13		190.5405

		-43.095		190.6598

		-44.135		190.6657

		-45.075		190.6158

		-46.035		190.6781

		-47.085		190.627

		-48.045		190.6318

		-49.09		190.6941
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coercivity

		-2.343333		-2.2245		-4.327333		-4.404167		-3.6205		-3.645667

		-2.473666		-2.2715		-4.3255		-4.3485		-3.611		-3.6635

		-2.445		-2.23		-4.240667		-4.292		-3.530667		-3.552667

		-2.394167		-2.177		-4.1515		-4.202167		-3.410833		-3.4935

		-2.366333		-2.088667		-4.091		-4.142		-3.3235		-3.3745

		-2.3375		-2.0255		-3.9985		-4.081		-3.234667		-3.314833

		-2.278333		-1.966167		-3.9075		-3.99		-3.116833		-3.225

		-2.218667		-1.873833		-3.848833		-3.93		-3.022167		-3.138

		-2.186333		-1.817		-3.76		-3.841		-2.930833		-3.043667

		-2.1565		-1.7585		-3.6705		-3.7855		-2.813667		-2.953167

		-2.0975		-1.701833		-3.611333		-3.7245		-2.7555		-2.864167

		-2.036333		-1.608833		-3.5475		-3.666		-2.635333		-2.776

		-2.0075		-1.545167		-3.457		-3.575		-2.5435		-2.687

		-1.977		-1.489		-3.3685		-3.513667		-2.4535		-2.594667

		-1.917833		-1.397333		-3.3085		-3.425166		-2.336667		-2.504667

		-1.860833		-1.3385		-3.219167		-3.369333		-2.2435		-2.4175

		-1.827167		-1.28		-3.128833		-3.31		-2.156333		-2.327167

		-1.768		-1.221333		-3.066833		-3.248833		-2.0335		-2.2365

		-1.74		-1.130667		-2.9745		-3.154667		-1.943333		-2.177667

		-1.676		-1.066		-2.8875		-3.0955		-1.855333		-2.055

		-1.6485		-1.007		-2.829333		-3.006334		-1.764333		-1.995

		-1.5865		-0.9184999		-2.738		-2.9475		-1.675		-1.8765

		-1.557167		-0.8606667		-2.650833		-2.888333		-1.556167		-1.818

		-1.498667		-0.8010001		-2.5875		-2.798167		-1.466		-1.7255

		-1.44		-0.7405		-2.530833		-2.7395		-1.377		-1.634833

		-1.4105		-0.6511667		-2.439		-2.646833		-1.256		-1.546333

		-1.380167		-0.588		-2.351		-2.587667		-1.162667		-1.457

		-1.319		-0.5305		-2.2905		-2.5285		-1.0745		-1.3685

		-1.260333		-0.4396667		-2.201		-2.468667		-0.9533333		-1.278667

		-1.2265		-0.3803333		-2.109		-2.3805		-0.8636666		-1.185333

		-1.1975		-0.3228333		-2.0485		-2.319333		-0.7731667		-1.096

		-1.138		-0.262		-1.9585		-2.230167		-0.683		-1.004167

		-1.076833		-0.171		-1.868		-2.168		-0.593		-0.9153333

		-1.048667		-0.1096667		-1.809167		-2.109		-0.4731667		-0.8556667

		-1.017833		-0.04966667		-1.720333		-2.047		-0.3831667		-0.7365

		-0.9578333		0.041		-1.6555		-1.958		-0.2946667		-0.6738334

		-0.8975		0.09966666		-1.564667		-1.8995		-0.1701667		-0.5545

		-0.8668334		0.1583333		-1.4995		-1.8105		-0.07966667		-0.494

		-0.8095		0.217		-1.4135		-1.752167		0.0105		-0.376

		-0.7785		0.3041667		-1.355		-1.6875		0.126		-0.315

		-0.717		0.3705		-1.264		-1.6275		0.1885		-0.222

		-0.6878333		0.4303333		-1.1715		-1.5355		0.3098333		-0.1318333

		-0.6233334		0.4935		-1.113		-1.476667		0.4028333		-0.042

		-0.5946667		0.5840001		-1.02		-1.416667		0.489		0.04583333

		-0.5355		0.6445		-0.9333334		-1.327333		0.6076667		0.1375

		-0.4785		0.7016667		-0.875		-1.268167		0.698		0.2258333

		-0.4486667		0.7631667		-0.7810001		-1.204167		0.7911666		0.318

		-0.4170667		0.855		-0.7228333		-1.1135		0.9111667		0.408

		-0.3563333		0.913		-0.6286666		-1.0535		1		0.4953333

		-0.2963333		0.9756667		-0.5375		-0.9663334		1.091333		0.5845

		-0.2665		1.063833		-0.4795		-0.908		1.1815		0.6446667

		-0.2375		1.1235		-0.39		-0.8461667		1.270333		0.7686667

		-0.177		1.182083		-0.33		-0.7528334		1.392667		0.828

		-0.1153333		1.244667		-0.2401667		-0.693		1.4805		0.9488333

		-0.086		1.337		-0.15		-0.6328333		1.570667		1.007167

		-0.05483333		1.398		-0.08883333		-0.5441667		1.6925		1.131117

		0.004		1.4575		0.0003333334		-0.4846667		1.783333		1.190333

		0.06333334		1.5455		0.09133334		-0.4266667		1.8735		1.279

		0.097		1.604		0.1516667		-0.335		1.992333		1.37

		0.1511667		1.6635		0.2408333		-0.2738333		2.0845		1.458

		0.182		1.725667		0.305		-0.2143333		2.174167		1.547167

		0.246		1.817167		0.3953333		-0.123		2.265833		1.638833

		0.2775		1.875667		0.4825		-0.062		2.357167		1.731833

		0.3375		1.9385		0.5426667		-0.003		2.4735		1.823

		0.3686666		2.027333		0.634		0.08849999		2.566		1.912833

		0.4278333		2.086		0.693		0.1481667		2.6545		2

		0.4565		2.145333		0.7848334		0.2423333		2.780666		2.0915

		0.5151666		2.208		0.8761666		0.302		2.869833		2.1535

		0.543		2.299667		0.9373333		0.364		2.959167		2.274333

		0.6048334		2.359333		1.0285		0.4511667		3.081333		2.335167

		0.6345		2.421667		1.0835		0.5098333		3.14		2.452333

		0.6968334		2.505334		1.175333		0.5718334		3.25935		2.511333

		0.7273334		2.566333		1.269		0.6598334		3.35		2.6015

		0.7865		2.625833		1.329167		0.7220001		3.438		2.699167

		0.8205001		2.687333		1.422333		0.7815		3.56		2.792

		0.8788333		2.78		1.51		0.8755		3.646667		2.877

		0.9088333		2.839333		1.569833		0.933		3.735167		2.9675

		0.967		2.901667		1.659833		0.9915001		3.856167		3.059

		0.9958333		2.991333		1.7225		1.083		3.946334		3.151

		1.058		3.051		1.812667		1.142		4.035666		3.237833

		1.089333		3.1075		1.902833		1.206333		4.128		3.3285

		1.147		3.168333		1.962833		1.297833		4.218333		3.4165

		1.183833		3.262		2.05		1.3585		4.34		3.5075

		1.243		3.323		2.114		1.4145		4.4285		3.599

		1.302333		3.384334		2.2075		1.506		4.518		3.655

		1.331333		3.472167		2.294		1.569167		4.642		3.775666

		1.3895		3.533		2.3565		1.659		4.731667		3.835

		1.419		3.592334		2.4445		1.7185		4.821834		3.953167

		1.479		3.654		2.536167		1.779667		4.939666		4.013834

		1.5075		3.7435		2.5975		1.8675		5.03		4.105333

		1.571		3.8045		2.688833		1.927333		5.123333		4.1965

		1.5985		3.865333		2.75		1.986667		5.216833		4.286666

		1.66		3.953834		2.839833		2.08		5.303667		4.376333

		1.692		4.013		2.93		2.143667		5.423		4.467667

		1.75		4.072334		2.9895		2.201167		5.513		4.555

		1.783167		4.136167		3.079		2.291667		5.6065		4.647666

		1.842		4.2285		3.137834		2.352167		5.728167		4.740166

		1.870667		4.2865		3.237666		2.4115		5.817667		4.8275

		1.929333		4.347666		3.3275		2.503667		5.906		4.917833

		1.9605		4.438667		3.388		2.564667		6.027		5.008166

		2.022167		4.35		3.329		2.622833		5.907		4.920333

		2.050667		4.2895		3.240833		2.7135		5.821		4.8305

		2.1095		4.233		3.1425		2.773667		5.732167		4.7445

		2.143333		4.1415		3.083		2.864333		5.612999		4.652833

		2.2025		4.078166		2.995		2.9245		5.522334		4.562

		2.265167		4.018167		2.936167		2.985667		5.432833		4.475

		2.2955		3.959666		2.847		3.074		5.3155		4.388

		2.352167		3.872		2.757167		3.141833		5.2295		4.297167

		2.3845		3.812		2.697333		3.201667		5.137001		4.2075

		2.444		3.752667		2.606167		3.2925		5.045		4.117

		2.473		3.663666		2.5455		3.351333		4.955		4.025667

		2.534167		3.6025		2.4545		3.411833		4.839		3.965833

		2.563167		3.543		2.367		3.5045		4.750667		3.848166

		2.626		3.483		2.305		3.5645		4.6615		3.7905

		2.6555		3.397333		2.219333		3.623667		4.539		3.6695

		2.714333		3.336667		2.124833		3.7165		4.4505		3.612666

		2.748333		3.277		2.0615		3.7765		4.3615		3.526

		2.807667		3.183		1.974		3.832		4.242		3.435

		2.837833		3.1215		1.9165		3.922		4.153333		3.349167

		2.898667		3.066		1.826		3.983333		4.061667		3.258333

		2.9255		3.0075		1.7365		4.08		3.973		3.172833

		2.986		2.917167		1.675833		4.140333		3.883		3.082667

		3.0165		2.8585		1.585833		4.199166		3.763667		2.99

		3.074667		2.798		1.527667		4.29		3.675667		2.901167

		3.1095		2.707		1.4405		4.349166		3.5895		2.8145

		3.169		2.646		1.346833		4.289667		3.469333		2.7235

		3.23		2.586167		1.287833		4.202		3.380833		2.629

		3.259333		2.527333		1.197333		4.144834		3.2895		2.538167

		3.318667		2.4405		1.104		4.0845		3.1735		2.478333

		3.349		2.379		1.047		3.989834		3.1145		2.3635

		3.409		2.3205		0.9585001		3.93		2.993167		2.303166

		3.439		2.228833		0.899		3.840333		2.904333		2.1795

		3.5015		2.167667		0.8076667		3.7855		2.8145		2.121

		3.53		2.1085		0.7154999		3.726		2.692167		2.031

		3.590833		2.048333		0.6578333		3.633667		2.6035		1.944

		3.6205		1.9595		0.5664999		3.5745		2.512334		1.8555

		3.680167		1.897667		0.5076666		3.514333		2.3965		1.764167

		3.713		1.840667		0.4196666		3.424333		2.305167		1.671667

		3.774		1.7505		0.3305		3.364333		2.214833		1.581

		3.8015		1.6875		0.267		3.306167		2.123833		1.493

		3.861		1.6305		0.1793333		3.216167		2.0335		1.404167

		3.892667		1.571667		0.1185		3.156833		1.914333		1.313667

		3.9535		1.484		0.02816666		3.09		1.825667		1.225333

		3.984833		1.4245		-0.061		3.003167		1.732667		1.1665

		4.044		1.364833		-0.123		2.942		1.612		1.0435

		4.1095		1.273333		-0.2146667		2.8825		1.5235		0.9841667

		4.134333		1.211167		-0.3045		2.794		1.4355		0.8656667

		4.1975		1.151167		-0.3625		2.733666		1.314667		0.8065

		4.2255		1.092667		-0.4506667		2.644667		1.224667		0.6828334

		4.286		1.004667		-0.5086667		2.585667		1.135333		0.6233334

		4.228		0.9455		-0.5994999		2.525		1.045333		0.534

		4.1975		0.8833333		-0.6935		2.432667		0.9556666		0.4478333

		4.138		0.7928333		-0.7506666		2.3745		0.8375		0.358

		4.1115		0.7303333		-0.8425		2.3135		0.743		0.2655

		4.0465		0.6736667		-0.9008334		2.2225		0.6541666		0.1761667

		3.989		0.6143334		-0.9878333		2.165333		0.536		0.08466667

		3.957667		0.525		-1.078		2.101834		0.4498334		-0.001

		3.899167		0.4648333		-1.1385		2.0095		0.358		-0.092

		3.868167		0.404		-1.231333		1.949		0.237		-0.179

		3.8095		0.3391666		-1.322		1.890167		0.1748333		-0.2766167

		3.781166		0.251		-1.38		1.802		0.05883333		-0.3368334

		3.720667		0.1916667		-1.468167		1.7435		-0.031		-0.454

		3.689		0.133		-1.5305		1.683167		-0.121		-0.5149999

		3.6305		0.07416668		-1.621833		1.5935		-0.245		-0.6351666

		3.6005		-0.01866667		-1.685		1.531167		-0.3348334		-0.695

		3.5385		-0.077		-1.774		1.442		-0.4243333		-0.8141667

		3.511833		-0.139		-1.833333		1.3855		-0.543		-0.8743334

		3.4505		-0.2301667		-1.923		1.3235		-0.634		-0.965

		3.422		-0.29		-2.013667		1.23		-0.7253334		-1.056

		3.361833		-0.3486667		-2.072833		1.1665		-0.8136666		-1.145

		3.332667		-0.4085		-2.1645		1.109		-0.9035		-1.238333

		3.274		-0.498		-2.255834		1.019		-1.025		-1.33

		3.244833		-0.5573333		-2.314833		0.9605		-1.113833		-1.418167

		3.184167		-0.6213334		-2.401334		0.902		-1.206		-1.505333

		3.1225		-0.7105				0.809		-1.3275		-1.594

		3.0885		-0.771				0.7513333		-1.415667		-1.6855

		3.030333		-0.829				0.6886668		-1.506667		-1.776

		3.000667		-0.8893333				0.6		-1.626		-1.835667

		2.940666		-0.978				0.54		-1.715333		-1.9545

		2.9135		-1.038167				0.4825		-1.8065		-2.016

		2.856		-1.102333				0.396		-1.895667		-2.139333

		2.824667		-1.192667				0.3325		-1.986833		-2.1965

		2.7655		-1.253				0.274		-2.109333		-2.286333

		2.732667		-1.309667				0.1816667		-2.197333		-2.374667

		2.6745		-1.369333				0.1215		-2.291		-2.465833

		2.645333		-1.460333				0.0305		-2.408		-2.556

		2.5855		-1.515333				-0.03		-2.502		-2.6475

		2.554667		-1.5815				-0.088		-2.5935

		2.494		-1.674333				-0.179		-2.716

		2.464333		-1.731167				-0.2381667		-2.773

		2.4045		-1.793				-0.3001667		-2.892

		2.3755		-1.853				-0.3915

		2.318833		-1.946333				-0.4486667

		2.2885		-2.0075				-0.5078333

		2.226		-2.071333				-0.595

		2.167667		-2.164				-0.6556666

		2.135		-2.225833				-0.715

		2.077167		-2.286667				-0.808

		2.047167		-2.343167				-0.8708332

		1.986		-2.439167				-0.928

		1.956667						-1.016333

		1.898						-1.0755

		1.869333						-1.167167

		1.8085						-1.229

		1.777333						-1.288833

		1.720833						-1.38

		1.689						-1.4385

		1.627						-1.500167

		1.5995						-1.593

		1.537						-1.651333

		1.507						-1.715167

		1.448333

		1.419667

		1.3615

		1.331833

		1.271833

		1.213667

		1.177833

		1.12

		1.091

		1.0295

		1

		0.9415

		0.9125

		0.853

		0.8221667

		0.763

		0.7335

		0.6705

		0.641

		0.5795

		0.5516667

		0.4923333

		0.4635

		0.4046667

		0.3735

		0.3116667

		0.2811667

		0.2193333

		0.1885

		0.132

		0.0995

		0.041

		-0.01833333

		-0.04816667

		-0.07866667

		-0.14

		-0.1975

		-0.2286667

		-0.2606667

		-0.3201667

		-0.3811667

		-0.4111667

		-0.4391667

		-0.4971667

		-0.556

		-0.5854999

		-0.6473334

		-0.6763334

		-0.7408333

		-0.7708333

		-0.8293333

		-0.8625

		-0.92

		-0.9783334

		-1.01

		-1.0385

		-1.0975

		-1.1565

		-1.185

		-1.2195

		-1.279

		-1.341333

		-1.371167

		-1.401

		-1.458667

		-1.516833

		-1.546

		-1.609333

		-1.639333

		-1.7015

		-1.731

		-1.790333

		-1.823

		-1.882667

		-1.941333

		-1.972

		-2.002

		-2.063

		-2.125

		-2.1555

		-2.188667

		-2.251

		-2.313

		-2.343833

		-2.375833

		-2.436

		-2.494333

		-2.5275

		-2.590667



35 ang

50 ang

65 ang

80 ang

95 ang

80 ang take 2

Field (Oe)

Magnetization (emu)

-0.001798333

-0.002675

-0.00296

-0.004215

-0.004305

-0.003436667

-0.001798333

-0.002566667

-0.002936667

-0.004235

-0.004263334

-0.003418333

-0.001823333

-0.002615

-0.002921667

-0.004205

-0.004251667

-0.00342

-0.00175

-0.002581666

-0.002971667

-0.00422

-0.004253333

-0.003471666

-0.001785

-0.002595

-0.00298

-0.004231667

-0.004275

-0.00341

-0.001731667

-0.002593333

-0.002973333

-0.004196667

-0.004273333

-0.00344

-0.001831667

-0.002606667

-0.003005

-0.004196667

-0.004291667

-0.003411666

-0.001788333

-0.002635

-0.002943333

-0.004188333

-0.004268333

-0.003416667

-0.00184

-0.002621667

-0.002975

-0.004216667

-0.004333333

-0.003445

-0.001835

-0.00257

-0.00296

-0.004155

-0.004318333

-0.003436667

-0.001775

-0.002625

-0.002965

-0.004213333

-0.004275

-0.003455

-0.001821667

-0.002603333

-0.00296

-0.004216667

-0.004263334

-0.00344

-0.001806667

-0.002565

-0.00301

-0.004186667

-0.004258333

-0.00342

-0.001735

-0.002551667

-0.002945

-0.004175

-0.004256667

-0.003371667

-0.001791667

-0.002571667

-0.002978333

-0.004186667

-0.004278333

-0.003441666

-0.00177

-0.002568333

-0.00297

-0.004183333

-0.00425

-0.003436667

-0.00181

-0.002623333

-0.00299

-0.004183333

-0.0043

-0.00346

-0.00184

-0.002616666

-0.002925

-0.004205

-0.004286667

-0.003381666

-0.001821667

-0.002526667

-0.002951667

-0.00417

-0.00423

-0.003453333

-0.001768333

-0.002526667

-0.002921667

-0.004193333

-0.004301667

-0.003495

-0.001801667

-0.00259

-0.002926667

-0.004208333

-0.004273333

-0.00348

-0.001791667

-0.002526667

-0.002976667

-0.004149999

-0.004243333

-0.003413333

-0.001755

-0.002608333

-0.002993333

-0.004168333

-0.004293333

-0.00349

-0.001798333

-0.00251

-0.002955

-0.00417

-0.004296667

-0.0034

-0.001773333

-0.002591667

-0.002945

-0.004175

-0.004261667

-0.003435

-0.001831667

-0.002581667

-0.00296

-0.004110001

-0.004225

-0.003411667

-0.001791667

-0.002515

-0.002945

-0.004173333

-0.004305

-0.003435

-0.001763333

-0.0026

-0.002985

-0.004136667

-0.004233334

-0.003443333

-0.001808333

-0.00251

-0.002946667

-0.004166666

-0.004258333

-0.003426667

-0.001791667

-0.00256

-0.002958333

-0.004163333

-0.004293333

-0.003416667

-0.00178

-0.002553333

-0.002973333

-0.004198333

-0.004276667

-0.0034

-0.001795

-0.002583333

-0.002986667

-0.004161667

-0.004283334

-0.003461666

-0.001795

-0.002576667

-0.002981667

-0.004226666

-0.004288333

-0.003418333

-0.001783333

-0.002498333

-0.002963333

-0.004191666

-0.00428

-0.00342

-0.001763333

-0.002611667

-0.003003333

-0.004146666

-0.004275

-0.003443333

-0.001778333

-0.00261

-0.002945

-0.004191667

-0.004231667

-0.003448333

-0.001781667

-0.002563333

-0.002971667

-0.004166667

-0.004246667

-0.003378333

-0.001751667

-0.002538333

-0.00297

-0.004163334

-0.004231667

-0.003418334

-0.0018

-0.002635

-0.002993333

-0.004168333

-0.004273333

-0.003438333

-0.00176

-0.002541667

-0.00296

-0.004101667

-0.004283333

-0.003411667

-0.001776667

-0.002516667

-0.002973333

-0.004198333

-0.004243334

-0.003411666

-0.00179

-0.002505

-0.00293

-0.004148333

-0.004255

-0.003458333

-0.001778333

-0.0026

-0.002935

-0.004196667

-0.00424

-0.00344

-0.001811667

-0.002538333

-0.00295

-0.004161667

-0.004233334

-0.003458333

-0.001758333

-0.002563333

-0.00296

-0.0041

-0.004261666

-0.003461667

-0.001801666

-0.002571667

-0.002956667

-0.004158333

-0.004281667

-0.00345

-0.001788333

-0.00251

-0.002978333

-0.004168333

-0.004276667

-0.003426667

-0.00175

-0.00255

-0.002938333

-0.004116667

-0.004238334

-0.003435

-0.001803333

-0.002536667

-0.002975

-0.0041

-0.00431

-0.003435

-0.001781667

-0.002541667

-0.003008333

-0.004115

-0.004265001

-0.003448333

-0.001815

-0.002546667

-0.002915

-0.004155

-0.004208333

-0.003421667

-0.001775

-0.00257

-0.002963333

-0.004115

-0.004245

-0.003416667

-0.00177

-0.00253

-0.002975

-0.004205

-0.004201666

-0.003423333

-0.001783333
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Chart1

		35

		50

		65

		80

		95



Permalloy Thickness (angs.)

Grain Size (nm)

4.8994238887

5.2079617078

6.2121716834

7.695228968

8.7792500082



S325A2

		325a2, 35 ang						325b2, 50 ang						325c2, 65 ang						325d2, 80 ang						325e2, 95 ang						327a1, 80 ang

		Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)

		-2.343333		-1.80E-03				-2.2245		-0.002675				-4.327333		-0.00296				-4.404167		-0.004215				-3.6205		-0.004305				-3.645667		-3.44E-03				thickness		coercivity		Bo		Bi		Br		theta		Grain Size

		-2.473666		-1.80E-03				-2.2715		-2.57E-03				-4.3255		-2.94E-03				-4.3485		-0.004235				-3.611		-4.26E-03				-3.6635		-3.42E-03				35		0.57		1.9402		0.09		0.0338263977		21.686		4.8994238887

		-2.445		-1.82E-03				-2.23		-0.002615				-4.240667		-2.92E-03				-4.292		-0.004205				-3.530667		-4.25E-03				-3.552667		-0.00342				50		0.72		1.8279		0.09		0.0318641525		21.874		5.2079617078

		-2.394167		-0.00175				-2.177		-2.58E-03				-4.1515		-2.97E-03				-4.202167		-0.00422				-3.410833		-4.25E-03				-3.4935		-3.47E-03				65		0.985		1.5337		0.09		0.026721964		21.9205		6.2121716834

		-2.366333		-0.001785				-2.088667		-0.002595				-4.091		-0.00298				-4.142		-4.23E-03				-3.3235		-0.004275				-3.3745		-0.00341				80		0.65		1.2396		0.09		0.0215779847		21.96		7.695228968

		-2.3375		-1.73E-03				-2.0255		-2.59E-03				-3.9985		-2.97E-03				-4.081		-4.20E-03				-3.234667		-4.27E-03				-3.314833		-0.00344				95		0.995		1.0877		0.09		0.0189188322		21.999		8.7792500082

		-2.278333		-1.83E-03				-1.966167		-2.61E-03				-3.9075		-0.003005				-3.99		-4.20E-03				-3.116833		-4.29E-03				-3.225		-3.41E-03

		-2.218667		-1.79E-03				-1.873833		-0.002635				-3.848833		-2.94E-03				-3.93		-4.19E-03				-3.022167		-4.27E-03				-3.138		-3.42E-03

		-2.186333		-0.00184				-1.817		-2.62E-03				-3.76		-0.002975				-3.841		-4.22E-03				-2.930833		-4.33E-03				-3.043667		-0.003445

		-2.1565		-0.001835				-1.7585		-0.00257				-3.6705		-0.00296				-3.7855		-0.004155				-2.813667		-4.32E-03				-2.953167		-3.44E-03

		-2.0975		-0.001775				-1.701833		-0.002625				-3.611333		-0.002965				-3.7245		-4.21E-03				-2.7555		-0.004275				-2.864167		-0.003455

		-2.036333		-1.82E-03				-1.608833		-2.60E-03				-3.5475		-0.00296				-3.666		-4.22E-03				-2.635333		-4.26E-03				-2.776		-0.00344

		-2.0075		-1.81E-03				-1.545167		-0.002565				-3.457		-0.00301				-3.575		-4.19E-03				-2.5435		-4.26E-03				-2.687		-0.00342

		-1.977		-0.001735				-1.489		-2.55E-03				-3.3685		-0.002945				-3.513667		-0.004175				-2.4535		-4.26E-03				-2.594667		-3.37E-03

		-1.917833		-1.79E-03				-1.397333		-2.57E-03				-3.3085		-2.98E-03				-3.425166		-4.19E-03				-2.336667		-4.28E-03				-2.504667		-3.44E-03

		-1.860833		-0.00177				-1.3385		-2.57E-03				-3.219167		-0.00297				-3.369333		-4.18E-03				-2.2435		-0.00425				-2.4175		-3.44E-03

		-1.827167		-0.00181				-1.28		-2.62E-03				-3.128833		-0.00299				-3.31		-4.18E-03				-2.156333		-0.0043				-2.327167		-0.00346

		-1.768		-0.00184				-1.221333		-2.62E-03				-3.066833		-0.002925				-3.248833		-0.004205				-2.0335		-4.29E-03				-2.2365		-3.38E-03

		-1.74		-1.82E-03				-1.130667		-2.53E-03				-2.9745		-2.95E-03				-3.154667		-0.00417				-1.943333		-0.00423				-2.177667		-3.45E-03

		-1.676		-1.77E-03				-1.066		-2.53E-03				-2.8875		-2.92E-03				-3.0955		-4.19E-03				-1.855333		-4.30E-03				-2.055		-0.003495

		-1.6485		-1.80E-03				-1.007		-0.00259				-2.829333		-2.93E-03				-3.006334		-4.21E-03				-1.764333		-4.27E-03				-1.995		-0.00348

		-1.5865		-1.79E-03				-0.9184999		-2.53E-03				-2.738		-2.98E-03				-2.9475		-4.15E-03				-1.675		-4.24E-03				-1.8765		-3.41E-03

		-1.557167		-0.001755				-0.8606667		-2.61E-03				-2.650833		-2.99E-03				-2.888333		-4.17E-03				-1.556167		-4.29E-03				-1.818		-0.00349

		-1.498667		-1.80E-03				-0.8010001		-0.00251				-2.5875		-0.002955				-2.798167		-0.00417				-1.466		-4.30E-03				-1.7255		-0.0034

		-1.44		-1.77E-03				-0.7405		-2.59E-03				-2.530833		-0.002945				-2.7395		-0.004175				-1.377		-4.26E-03				-1.634833		-0.003435

		-1.4105		-1.83E-03				-0.6511667		-2.58E-03				-2.439		-0.00296				-2.646833		-4.11E-03				-1.256		-0.004225				-1.546333		-3.41E-03

		-1.380167		-1.79E-03				-0.588		-0.002515				-2.351		-0.002945				-2.587667		-4.17E-03				-1.162667		-0.004305				-1.457		-0.003435

		-1.319		-1.76E-03				-0.5305		-0.0026				-2.2905		-0.002985				-2.5285		-4.14E-03				-1.0745		-4.23E-03				-1.3685		-3.44E-03

		-1.260333		-1.81E-03				-0.4396667		-0.00251				-2.201		-2.95E-03				-2.468667		-4.17E-03				-0.9533333		-4.26E-03				-1.278667		-3.43E-03

		-1.2265		-1.79E-03				-0.3803333		-0.00256				-2.109		-2.96E-03				-2.3805		-4.16E-03				-0.8636666		-4.29E-03				-1.185333		-3.42E-03

		-1.1975		-0.00178				-0.3228333		-2.55E-03				-2.0485		-2.97E-03				-2.319333		-4.20E-03				-0.7731667		-4.28E-03				-1.096		-0.0034

		-1.138		-0.001795				-0.262		-2.58E-03				-1.9585		-2.99E-03				-2.230167		-4.16E-03				-0.683		-4.28E-03				-1.004167		-3.46E-03

		-1.076833		-0.001795				-0.171		-2.58E-03				-1.868		-2.98E-03				-2.168		-4.23E-03				-0.593		-4.29E-03				-0.9153333		-3.42E-03

		-1.048667		-1.78E-03				-0.1096667		-2.50E-03				-1.809167		-2.96E-03				-2.109		-4.19E-03				-0.4731667		-0.00428				-0.8556667		-0.00342

		-1.017833		-1.76E-03				-4.97E-02		-2.61E-03				-1.720333		-3.00E-03				-2.047		-4.15E-03				-0.3831667		-0.004275				-0.7365		-3.44E-03

		-0.9578333		-1.78E-03				0.041		-0.00261				-1.6555		-0.002945				-1.958		-4.19E-03				-0.2946667		-4.23E-03				-0.6738334		-3.45E-03

		-0.8975		-1.78E-03				9.97E-02		-2.56E-03				-1.564667		-2.97E-03				-1.8995		-4.17E-03				-0.1701667		-4.25E-03				-0.5545		-3.38E-03

		-0.8668334		-1.75E-03				0.1583333		-2.54E-03				-1.4995		-0.00297				-1.8105		-4.16E-03				-7.97E-02		-4.23E-03				-0.494		-3.42E-03

		-0.8095		-0.0018				0.217		-0.002635				-1.4135		-2.99E-03				-1.752167		-4.17E-03				0.0105		-4.27E-03				-0.376		-3.44E-03

		-0.7785		-0.00176				0.3041667		-2.54E-03				-1.355		-0.00296				-1.6875		-4.10E-03				0.126		-4.28E-03				-0.315		-3.41E-03

		-0.717		-1.78E-03				0.3705		-2.52E-03				-1.264		-2.97E-03				-1.6275		-4.20E-03				0.1885		-4.24E-03				-0.222		-3.41E-03

		-0.6878333		-0.00179				0.4303333		-0.002505				-1.1715		-0.00293				-1.5355		-4.15E-03				0.3098333		-0.004255				-0.1318333		-3.46E-03

		-0.6233334		-1.78E-03				0.4935		-0.0026				-1.113		-0.002935				-1.476667		-4.20E-03				0.4028333		-0.00424				-0.042		-0.00344

		-0.5946667		-1.81E-03				0.5840001		-2.54E-03				-1.02		-0.00295				-1.416667		-4.16E-03				0.489		-4.23E-03				4.58E-02		-3.46E-03

		-0.5355		-1.76E-03				0.6445		-2.56E-03				-0.9333334		-0.00296				-1.327333		-0.0041				0.6076667		-4.26E-03				0.1375		-3.46E-03

		-0.4785		-1.80E-03				0.7016667		-2.57E-03				-0.875		-2.96E-03				-1.268167		-4.16E-03				0.698		-4.28E-03				0.2258333		-0.00345

		-0.4486667		-1.79E-03				0.7631667		-0.00251				-0.7810001		-2.98E-03				-1.204167		-4.17E-03				0.7911666		-4.28E-03				0.318		-3.43E-03

		-0.4170667		-0.00175				0.855		-0.00255				-0.7228333		-2.94E-03				-1.1135		-4.12E-03				0.9111667		-4.24E-03				0.408		-0.003435

		-0.3563333		-1.80E-03				0.913		-2.54E-03				-0.6286666		-0.002975				-1.0535		-0.0041				1		-0.00431				0.4953333		-0.003435

		-0.2963333		-1.78E-03				0.9756667		-2.54E-03				-0.5375		-3.01E-03				-0.9663334		-0.004115				1.091333		-4.27E-03				0.5845		-3.45E-03

		-0.2665		-0.001815				1.063833		-2.55E-03				-0.4795		-0.002915				-0.908		-0.004155				1.1815		-4.21E-03				0.6446667		-3.42E-03

		-0.2375		-0.001775				1.1235		-0.00257				-0.39		-2.96E-03				-0.8461667		-0.004115				1.270333		-0.004245				0.7686667		-3.42E-03

		-0.177		-0.00177				1.182083		-0.00253				-0.33		-0.002975				-0.7528334		-0.004205				1.392667		-4.20E-03				0.828		-3.42E-03

		-0.1153333		-1.78E-03				1.244667		-0.00222				-0.2401667		-0.002955				-0.693		-4.11E-03				1.4805		-4.26E-03				0.9488333		-0.003435

		-0.086		-0.001785				1.337		-8.33E-04				-0.15		-2.93E-03				-0.6328333		-4.13E-03				1.570667		-0.004035				1.007167		-0.00343

		-5.48E-02		-1.81E-03				1.398		-2.83E-04				-8.88E-02		-0.00298				-0.5441667		-4.16E-03				1.6925		-1.58E-03				1.131117		-3.40E-03

		0.004		-1.78E-03				1.4575		-8.50E-05				3.33E-04		-2.91E-03				-0.4846667		-4.10E-03				1.783333		-4.42E-04				1.190333		-3.42E-03

		6.33E-02		-0.001795				1.5455		0.000215				9.13E-02		-0.003015				-0.4266667		-0.004145				1.8735		4.97E-04				1.279		-0.00137

		0.097		-0.00177				1.604		0.000325				0.1516667		-2.94E-03				-0.335		-4.15E-03				1.992333		0.001235				1.37		1.16E-03

		0.1511667		-1.81E-03				1.6635		3.08E-04				0.2408333		-0.00297				-0.2738333		-0.00413				2.0845		0.00156				1.458		1.78E-03

		0.182		-1.78E-03				1.725667		0.000325				0.305		-2.98E-03				-0.2143333		-4.12E-03				2.174167		1.83E-03				1.547167		0.00194

		0.246		-0.001785				1.817167		3.17E-04				0.3953333		-0.003				-0.123		-4.13E-03				2.265833		0.001995				1.638833		2.02E-03

		0.2775		-1.77E-03				1.875667		0.00035				0.4825		-2.90E-03				-0.062		-4.08E-03				2.357167		2.12E-03				1.731833		2.01E-03

		0.3375		-1.76E-03				1.9385		0.00037				0.5426667		-2.94E-03				-0.003		-4.16E-03				2.4735		0.00218				1.823		1.96E-03

		0.3686666		-1.78E-03				2.027333		0.00035				0.634		-0.00299				8.85E-02		-4.11E-03				2.566		2.30E-03				1.912833		2.02E-03

		0.4278333		-1.77E-03				2.086		0.00035				0.693		-0.003				0.1481667		-4.08E-03				2.6545		2.38E-03				2		0.002045

		0.4565		-1.75E-03				2.145333		3.63E-04				0.7848334		-0.002915				0.2423333		-0.0041				2.780666		0.002375				2.0915		2.01E-03

		0.5151666		-1.76E-03				2.208		3.27E-04				0.8761666		-2.97E-03				0.302		-4.08E-03				2.869833		2.48E-03				2.1535		2.02E-03

		0.543		-1.71E-03				2.299667		0.00036				0.9373333		-2.93E-03				0.364		-4.13E-03				2.959167		2.56E-03				2.274333		2.06E-03

		0.6048334		-0.00181				2.359333		3.28E-04				1.0285		-2.91E-03				0.4511667		-4.08E-03				3.081333		2.54E-03				2.335167		2.09E-03

		0.6345		-1.80E-03				2.421667		3.78E-04				1.0835		-2.98E-03				0.5098333		-4.11E-03				3.14		2.60E-03				2.452333		2.06E-03

		0.6968334		-1.75E-03				2.505334		0.000335				1.175333		-2.95E-03				0.5718334		-4.08E-03				3.25935		2.61E-03				2.511333		0.002055

		0.7273334		-0.00178				2.566333		4.22E-04				1.269		-0.002955				0.6598334		-0.004025				3.35		2.66E-03				2.6015		2.06E-03

		0.7865		-1.76E-03				2.625833		3.87E-04				1.329167		-2.91E-03				0.7220001		-0.004115				3.438		0.00263				2.699167		2.06E-03

		0.8205001		-1.75E-03				2.687333		3.92E-04				1.422333		-2.90E-03				0.7815		-4.09E-03				3.56		0.00271				2.792		2.07E-03

		0.8788333		-1.78E-03				2.78		3.53E-04				1.51		-0.00234				0.8755		-4.15E-03				3.646667		2.70E-03				2.877		2.10E-03

		0.9088333		-0.00178				2.839333		0.00033				1.569833		-1.39E-03				0.933		-4.06E-03				3.735167		2.69E-03				2.9675		2.10E-03

		0.967		-1.78E-03				2.901667		0.00039				1.659833		0.00007				0.9915001		-4.11E-03				3.856167		2.76E-03				3.059		2.06E-03

		0.9958333		-0.00175				2.991333		3.93E-04				1.7225		0.000525				1.083		-4.11E-03				3.946334		0.002775				3.151		2.03E-03

		1.058		-1.80E-03				3.051		0.0004				1.812667		0.00115				1.142		-4.11E-03				4.035666		0.002785				3.237833		2.01E-03

		1.089333		-0.00175				3.1075		3.63E-04				1.902833		0.00134				1.206333		-0.004065				4.128		2.77E-03				3.3285		0.002045

		1.147		-0.001285				3.168333		3.62E-04				1.962833		0.001365				1.297833		-1.09E-03				4.218333		2.72E-03				3.4165		0.00205

		1.183833		-5.53E-04				3.262		3.57E-04				2.05		0.001355				1.3585		0.00035				4.34		2.74E-03				3.5075		2.06E-03

		1.243		1.73E-04				3.323		3.23E-04				2.114		1.33E-03				1.4145		1.10E-03				4.4285		2.81E-03				3.599		2.07E-03

		1.302333		3.77E-04				3.384334		4.08E-04				2.2075		0.00136				1.506		1.40E-03				4.518		2.78E-03				3.655		0.00203

		1.331333		0.000375				3.472167		0.00034				2.294		1.40E-03				1.569167		1.46E-03				4.642		0.002865				3.775666		0.00207

		1.3895		3.52E-04				3.533		0.000355				2.3565		1.40E-03				1.659		0.001505				4.731667		2.79E-03				3.835		2.10E-03

		1.419		0.0004				3.592334		3.48E-04				2.4445		1.39E-03				1.7185		1.54E-03				4.821834		0.002835				3.953167		2.05E-03

		1.479		3.77E-04				3.654		3.72E-04				2.536167		1.40E-03				1.779667		1.54E-03				4.939666		2.84E-03				4.013834		0.002085

		1.5075		0.00034				3.7435		3.60E-04				2.5975		0.001415				1.8675		1.51E-03				5.03		2.88E-03				4.105333		2.09E-03

		1.571		0.000375				3.8045		4.07E-04				2.688833		1.40E-03				1.927333		1.49E-03				5.123333		2.89E-03				4.1965		2.12E-03

		1.5985		3.68E-04				3.865333		0.000325				2.75		0.001355				1.986667		1.54E-03				5.216833		2.86E-03				4.286666		0.002135

		1.66		4.37E-04				3.953834		3.77E-04				2.839833		1.40E-03				2.08		1.50E-03				5.303667		0.002825				4.376333		2.05E-03

		1.692		3.58E-04				4.013		3.52E-04				2.93		1.41E-03				2.143667		0.001545				5.423		2.83E-03				4.467667		2.05E-03

		1.75		4.37E-04				4.072334		3.38E-04				2.9895		0.0014				2.201167		0.001525				5.513		2.84E-03				4.555		0.00213

		1.783167		4.13E-04				4.136167		3.82E-04				3.079		0.00138				2.291667		1.57E-03				5.6065		2.82E-03				4.647666		0.00207

		1.842		3.78E-04				4.2285		3.83E-04				3.137834		0.00143				2.352167		0.001575				5.728167		2.82E-03				4.740166		0.002075

		1.870667		0.000365				4.2865		0.00035				3.237666		1.39E-03				2.4115		1.57E-03				5.817667		2.88E-03				4.8275		2.01E-03

		1.929333		0.000385				4.347666		3.82E-04				3.3275		1.35E-03				2.503667		0.001535				5.906		2.91E-03				4.917833		2.08E-03

		1.9605		3.42E-04				4.438667		3.92E-04				3.388		0.001375				2.564667		1.58E-03				6.027		2.88E-03				5.008166		2.08E-03

		2.022167		3.43E-04				4.35		4.18E-04				3.329		0.001405				2.622833		1.57E-03				5.907		2.87E-03				4.920333		2.11E-03

		2.050667		3.97E-04				4.2895		3.42E-04				3.240833		1.42E-03				2.7135		1.51E-03				5.821		0.00283				4.8305		2.06E-03

		2.1095		0.000405				4.233		4.12E-04				3.1425		0.001405				2.773667		0.00156				5.732167		2.85E-03				4.7445		2.11E-03

		2.143333		0.0004				4.1415		4.18E-04				3.083		1.41E-03				2.864333		0.001535				5.612999		0.00285				4.652833		2.10E-03

		2.2025		0.000395				4.078166		0.000405				2.995		0.001425				2.9245		1.57E-03				5.522334		0.0028				4.562		0.002135

		2.265167		4.22E-04				4.018167		3.37E-04				2.936167		0.00145				2.985667		1.64E-03				5.432833		0.00284				4.475		0.002075

		2.2955		0.00036				3.959666		4.08E-04				2.847		1.42E-03				3.074		0.001625				5.3155		2.82E-03				4.388		0.002075

		2.352167		4.23E-04				3.872		3.82E-04				2.757167		1.40E-03				3.141833		1.64E-03				5.2295		2.88E-03				4.297167		0.00207

		2.3845		4.03E-04				3.812		3.83E-04				2.697333		1.38E-03				3.201667		1.64E-03				5.137001		2.93E-03				4.2075		2.10E-03

		2.444		0.000375				3.752667		0.00039				2.606167		1.40E-03				3.2925		1.62E-03				5.045		0.002865				4.117		2.10E-03

		2.473		4.03E-04				3.663666		4.03E-04				2.5455		1.38E-03				3.351333		1.62E-03				4.955		2.89E-03				4.025667		0.002075

		2.534167		3.62E-04				3.6025		3.52E-04				2.4545		1.46E-03				3.411833		0.001665				4.839		2.88E-03				3.965833		2.13E-03

		2.563167		0.00042				3.543		3.82E-04				2.367		1.40E-03				3.5045		1.62E-03				4.750667		0.00284				3.848166		2.11E-03

		2.626		0.00042				3.483		0.00039				2.305		1.41E-03				3.5645		1.55E-03				4.6615		2.88E-03				3.7905		2.07E-03

		2.6555		4.08E-04				3.397333		4.17E-04				2.219333		1.41E-03				3.623667		1.66E-03				4.539		2.86E-03				3.6695		2.10E-03

		2.714333		0.00041				3.336667		4.03E-04				2.124833		1.36E-03				3.7165		0.00163				4.4505		0.00286				3.612666		2.11E-03

		2.748333		0.000375				3.277		4.08E-04				2.0615		0.00136				3.7765		1.65E-03				4.3615		0.002855				3.526		2.08E-03

		2.807667		3.57E-04				3.183		3.83E-04				1.974		1.40E-03				3.832		0.001635				4.242		2.84E-03				3.435		2.06E-03

		2.837833		3.67E-04				3.1215		0.0004				1.9165		0.001365				3.922		0.001655				4.153333		2.91E-03				3.349167		2.09E-03

		2.898667		0.000375				3.066		3.98E-04				1.826		0.001395				3.983333		1.64E-03				4.061667		0.002875				3.258333		2.11E-03

		2.9255		3.47E-04				3.0075		3.93E-04				1.7365		1.38E-03				4.08		1.62E-03				3.973		2.87E-03				3.172833		2.10E-03

		2.986		3.92E-04				2.917167		4.13E-04				1.675833		1.41E-03				4.140333		0.00163				3.883		2.87E-03				3.082667		0.00211

		3.0165		3.47E-04				2.8585		0.00037				1.585833		1.38E-03				4.199166		0.001605				3.763667		2.84E-03				2.99		2.09E-03

		3.074667		3.53E-04				2.798		3.93E-04				1.527667		0.00136				4.29		1.62E-03				3.675667		2.90E-03				2.901167		2.03E-03

		3.1095		3.52E-04				2.707		3.23E-04				1.4405		0.00143				4.349166		0.001625				3.5895		2.85E-03				2.8145		2.09E-03

		3.169		0.000335				2.646		0.00038				1.346833		1.40E-03				4.289667		1.66E-03				3.469333		2.86E-03				2.7235		0.002065

		3.23		3.77E-04				2.586167		3.77E-04				1.287833		1.34E-03				4.202		1.62E-03				3.380833		2.83E-03				2.629		2.10E-03

		3.259333		0.00031				2.527333		3.92E-04				1.197333		0.00143				4.144834		1.74E-03				3.2895		0.002875				2.538167		2.11E-03

		3.318667		4.03E-04				2.4405		4.03E-04				1.104		1.41E-03				4.0845		0.00161				3.1735		2.86E-03				2.478333		0.00211

		3.349		0.000365				2.379		3.72E-04				1.047		0.00139				3.989834		1.57E-03				3.1145		2.92E-03				2.3635		0.002095

		3.409		0.000385				2.3205		3.63E-04				0.9585001		1.39E-03				3.93		1.61E-03				2.993167		2.90E-03				2.303166		2.07E-03

		3.439		0.00042				2.228833		3.88E-04				0.899		1.45E-03				3.840333		1.63E-03				2.904333		0.002845				2.1795		0.00214

		3.5015		3.62E-04				2.167667		3.78E-04				0.8076667		0.00137				3.7855		1.59E-03				2.8145		2.83E-03				2.121		0.002135

		3.53		3.77E-04				2.1085		3.48E-04				0.7154999		1.38E-03				3.726		0.001635				2.692167		2.85E-03				2.031		2.11E-03

		3.590833		0.00041				2.048333		0.000385				0.6578333		0.00142				3.633667		1.63E-03				2.6035		0.00282				1.944		2.08E-03

		3.6205		3.82E-04				1.9595		0.000415				0.5664999		1.37E-03				3.5745		1.64E-03				2.512334		2.83E-03				1.8555		2.08E-03

		3.680167		3.53E-04				1.897667		3.83E-04				0.5076666		1.43E-03				3.514333		0.001635				2.3965		0.00289				1.764167		2.12E-03

		3.713		3.48E-04				1.840667		4.38E-04				0.4196666		0.001415				3.424333		1.67E-03				2.305167		2.85E-03				1.671667		2.10E-03

		3.774		3.42E-04				1.7505		4.17E-04				0.3305		1.44E-03				3.364333		0.00166				2.214833		2.88E-03				1.581		2.08E-03

		3.8015		3.68E-04				1.6875		3.98E-04				0.267		0.00135				3.306167		0.00171				2.123833		2.84E-03				1.493		0.002125

		3.861		4.17E-04				1.6305		0.00035				0.1793333		1.37E-03				3.216167		1.68E-03				2.0335		2.89E-03				1.404167		2.11E-03

		3.892667		3.82E-04				1.571667		4.22E-04				0.1185		1.33E-03				3.156833		1.63E-03				1.914333		2.85E-03				1.313667		2.12E-03

		3.9535		0.00037				1.484		0.00037				2.82E-02		0.00139				3.09		1.62E-03				1.825667		0.002845				1.225333		0.00209

		3.984833		0.000365				1.4245		4.62E-04				-0.061		1.38E-03				3.003167		0.001615				1.732667		0.00283				1.1665		2.13E-03

		4.044		4.28E-04				1.364833		4.27E-04				-0.123		0.001385				2.942		1.65E-03				1.612		0.002885				1.0435		2.08E-03

		4.1095		3.77E-04				1.273333		3.73E-04				-0.2146667		0.0003				2.8825		1.65E-03				1.5235		2.83E-03				0.9841667		2.08E-03

		4.134333		0.00046				1.211167		4.32E-04				-0.3045		-1.59E-03				2.794		1.57E-03				1.4355		0.002825				0.8656667		2.11E-03

		4.1975		0.000345				1.151167		3.62E-04				-0.3625		-2.40E-03				2.733666		1.67E-03				1.314667		2.86E-03				0.8065		2.14E-03

		4.2255		4.08E-04				1.092667		3.97E-04				-0.4506667		-2.84E-03				2.644667		1.63E-03				1.224667		0.00286				0.6828334		2.14E-03

		4.286		0.0004				1.004667		0.000395				-0.5086667		-0.00287				2.585667		1.67E-03				1.135333		2.84E-03				0.6233334		0.00214

		4.228		0.0004				0.9455		4.02E-04				-0.5994999		-2.85E-03				2.525		1.67E-03				1.045333		2.85E-03				0.534		0.00215

		4.1975		3.73E-04				0.8833333		3.97E-04				-0.6935		-0.002945				2.432667		0.00166				0.9556666		2.80E-03				0.4478333		2.12E-03

		4.138		3.53E-04				0.7928333		3.87E-04				-0.7506666		-2.91E-03				2.3745		1.66E-03				0.8375		2.82E-03				0.358		2.07E-03

		4.1115		0.000395				0.7303333		3.98E-04				-0.8425		-0.00292				2.3135		0.001655				0.743		0.00284				0.2655		2.12E-03

		4.0465		3.88E-04				0.6736667		0.000425				-0.9008334		-0.002945				2.2225		0.001635				0.6541666		2.82E-03				0.1761667		-0.002445

		3.989		0.000345				0.6143334		0.000425				-0.9878333		-0.002945				2.165333		1.67E-03				0.536		2.86E-03				8.47E-02		-0.003215

		3.957667		0.000355				0.525		4.23E-04				-1.078		-2.92E-03				2.101834		0.0017				0.4498334		0.00288				-0.001		-3.29E-03

		3.899167		0.000365				0.4648333		3.62E-04				-1.1385		-0.002975				2.0095		1.64E-03				0.358		0.00289				-0.092		-3.34E-03

		3.868167		4.18E-04				0.404		4.22E-04				-1.231333		-2.97E-03				1.949		1.65E-03				0.237		2.81E-03				-0.179		-0.0033

		3.8095		4.27E-04				0.3391666		4.32E-04				-1.322		-2.94E-03				1.890167		0.00162				0.1748333		0.002825				-0.2766167		-3.31E-03

		3.781166		3.97E-04				0.251		3.93E-04				-1.38		-0.00298				1.802		1.64E-03				5.88E-02		0.002835				-0.3368334		-3.37E-03

		3.720667		0.000405				0.1916667		3.82E-04				-1.468167		-2.92E-03				1.7435		1.66E-03				-0.031		2.84E-03				-0.454		-3.33E-03

		3.689		3.62E-04				0.133		0.000385				-1.5305		-2.92E-03				1.683167		1.65E-03				-0.121		2.82E-03				-0.5149999		-3.33E-03

		3.6305		4.22E-04				7.42E-02		0.000405				-1.621833		-0.00293				1.5935		1.65E-03				-0.245		-0.000415				-0.6351666		-3.43E-03

		3.6005		0.00037				-1.87E-02		4.12E-04				-1.685		-2.93E-03				1.531167		1.69E-03				-0.3348334		-1.53E-03				-0.695		-3.38E-03

		3.5385		3.92E-04				-0.077		-0.000455				-1.774		-0.002895				1.442		1.69E-03				-0.4243333		-0.002305				-0.8141667		-0.00339

		3.511833		3.43E-04				-0.139		-1.60E-03				-1.833333		-2.96E-03				1.3855		1.68E-03				-0.543		-3.02E-03				-0.8743334		-3.30E-03

		3.4505		4.38E-04				-0.2301667		-2.38E-03				-1.923		-2.97E-03				1.3235		0.001635				-0.634		-3.20E-03				-0.965		-0.003355

		3.422		3.73E-04				-0.29		-0.002445				-2.013667		-2.99E-03				1.23		1.70E-03				-0.7253334		-3.36E-03				-1.056		-3.34E-03

		3.361833		3.77E-04				-0.3486667		-2.44E-03				-2.072833		-0.00294				1.1665		1.64E-03				-0.8136666		-3.51E-03				-1.145		-3.38E-03

		3.332667		3.87E-04				-0.4085		-2.49E-03				-2.1645		-2.94E-03				1.109		0.001625				-0.9035		-3.56E-03				-1.238333		-3.41E-03

		3.274		4.43E-04				-0.498		-0.002535				-2.255834		-0.00299				1.019		1.66E-03				-1.025		-3.69E-03				-1.33		-3.40E-03

		3.244833		3.78E-04				-0.5573333		-2.53E-03				-2.314833		-0.002935				0.9605		0.001645				-1.113833		-0.003745				-1.418167		-0.003365

		3.184167		3.57E-04				-0.6213334		-2.46E-03				-2.401334		-2.92E-03				0.902		0.00163				-1.206		-3.81E-03				-1.505333		-0.00339

		3.1225		4.07E-04				-0.7105		-0.00249										0.809		0.001655				-1.3275		-0.003805				-1.594		-3.39E-03

		3.0885		0.00039				-0.771		-2.47E-03										0.7513333		0.001685				-1.415667		-3.91E-03				-1.6855		-0.003385

		3.030333		3.68E-04				-0.829		-0.002465										0.6886668		1.67E-03				-1.506667		-0.00398				-1.776		-3.38E-03

		3.000667		3.73E-04				-0.8893333		-2.50E-03										0.6		1.67E-03				-1.626		-0.003955				-1.835667		-3.36E-03

		2.940666		4.17E-04				-0.978		-2.50E-03										0.54		1.64E-03				-1.715333		-0.004025				-1.9545		-3.41E-03

		2.9135		0.000375				-1.038167		-0.002505										0.4825		1.71E-03				-1.8065		-0.003995				-2.016		-3.35E-03

		2.856		3.78E-04				-1.102333		-2.51E-03										0.396		1.67E-03				-1.895667		-4.01E-03				-2.139333		-3.37E-03

		2.824667		3.33E-04				-1.192667		-0.002515										0.3325		1.64E-03				-1.986833		-0.00409				-2.1965		-3.34E-03

		2.7655		0.000405				-1.253		-0.00248										0.274		1.64E-03				-2.109333		-4.12E-03				-2.286333		-0.00338

		2.732667		4.13E-04				-1.309667		-0.00245										0.1816667		1.58E-03				-2.197333		-0.00408				-2.374667		-3.40E-03

		2.6745		0.000415				-1.369333		-2.52E-03										0.1215		1.65E-03				-2.291		-4.11E-03				-2.465833		-3.38E-03

		2.645333		4.02E-04				-1.460333		-0.002435										0.0305		-1.96E-03				-2.408		-4.12E-03				-2.556		-3.35E-03

		2.5855		0.00043				-1.515333		-0.002435										-0.03		-0.0031				-2.502		-4.11E-03				-2.6475		-3.33E-03

		2.554667		0.000425				-1.5815		-2.48E-03										-0.088		-0.00361				-2.5935		-4.20E-03

		2.494		0.00038				-1.674333		-2.50E-03										-0.179		-0.00384				-2.716		-0.00414

		2.464333		3.98E-04				-1.731167		-2.49E-03										-0.2381667		-3.90E-03				-2.773		-4.19E-03

		2.4045		4.32E-04				-1.793		-0.00244										-0.3001667		-3.93E-03				-2.892		-4.15E-03

		2.3755		3.78E-04				-1.853		-2.46E-03										-0.3915		-3.89E-03

		2.318833		3.92E-04				-1.946333		-0.002505										-0.4486667		-3.90E-03

		2.2885		3.42E-04				-2.0075		-0.00248										-0.5078333		-0.00395

		2.226		3.78E-04				-2.071333		-2.48E-03										-0.595		-3.96E-03

		2.167667		3.83E-04				-2.164		-2.45E-03										-0.6556666		-3.98E-03

		2.135		0.00043				-2.225833		-0.00246										-0.715		-0.00393

		2.077167		0.00038				-2.286667		-0.00249										-0.808		-0.003935

		2.047167		0.000345				-2.343167		-2.51E-03										-0.8708332		-3.96E-03

		1.986		0.000405				-2.439167		-2.45E-03										-0.928		-3.93E-03

		1.956667		4.22E-04																-1.016333		-3.91E-03

		1.898		3.82E-04																-1.0755		-0.00399

		1.869333		0.000395																-1.167167		-3.96E-03

		1.8085		4.27E-04																-1.229		-4.01E-03

		1.777333		0.000405																-1.288833		-3.95E-03

		1.720833		3.52E-04																-1.38		-4.00E-03

		1.689		4.03E-04																-1.4385		-3.95E-03

		1.627		4.12E-04																-1.500167		-4.00E-03

		1.5995		0.00039																-1.593		-3.99E-03

		1.537		3.93E-04																-1.651333		-0.003965

		1.507		0.000385																-1.715167		-0.004005

		1.448333		0.00037

		1.419667		4.33E-04

		1.3615		3.97E-04

		1.331833		4.42E-04

		1.271833		3.78E-04

		1.213667		4.38E-04

		1.177833		4.07E-04

		1.12		3.47E-04

		1.091		3.73E-04

		1.0295		3.58E-04

		1		4.07E-04

		0.9415		3.93E-04

		0.9125		4.18E-04

		0.853		4.32E-04

		0.8221667		0.000375

		0.763		4.27E-04

		0.7335		0.00036

		0.6705		0.000385

		0.641		3.58E-04

		0.5795		0.00039

		0.5516667		4.28E-04

		0.4923333		4.18E-04

		0.4635		0.000395

		0.4046667		3.63E-04

		0.3735		4.12E-04

		0.3116667		3.77E-04

		0.2811667		4.43E-04

		0.2193333		4.08E-04

		0.1885		0.000455

		0.132		3.63E-04

		0.0995		3.83E-05

		0.041		-0.00105

		-1.83E-02		-0.001665

		-4.82E-02		-1.71E-03

		-7.87E-02		-1.81E-03

		-0.14		-0.00173

		-0.1975		-0.00167

		-0.2286667		-1.75E-03

		-0.2606667		-1.72E-03

		-0.3201667		-0.00176

		-0.3811667		-1.74E-03

		-0.4111667		-0.00177

		-0.4391667		-1.72E-03

		-0.4971667		-0.001735

		-0.556		-1.76E-03

		-0.5854999		-0.001745

		-0.6473334		-1.77E-03

		-0.6763334		-1.75E-03

		-0.7408333		-1.76E-03

		-0.7708333		-0.00173

		-0.8293333		-1.73E-03

		-0.8625		-0.001715

		-0.92		-1.77E-03

		-0.9783334		-1.77E-03

		-1.01		-1.81E-03

		-1.0385		-0.00176

		-1.0975		-1.75E-03

		-1.1565		-0.00174

		-1.185		-1.73E-03

		-1.2195		-0.00176

		-1.279		-1.77E-03

		-1.341333		-1.77E-03

		-1.371167		-0.00172

		-1.401		-1.73E-03

		-1.458667		-1.79E-03

		-1.516833		-0.00173

		-1.546		-1.69E-03

		-1.609333		-0.00174

		-1.639333		-0.00176

		-1.7015		-1.69E-03

		-1.731		-1.74E-03

		-1.790333		-0.00173

		-1.823		-1.72E-03

		-1.882667		-1.74E-03

		-1.941333		-0.00175

		-1.972		-1.66E-03

		-2.002		-0.001745

		-2.063		-1.78E-03

		-2.125		-0.00177

		-2.1555		-1.78E-03

		-2.188667		-0.0017

		-2.251		-0.001715

		-2.313		-1.72E-03

		-2.343833		-1.74E-03

		-2.375833		-0.001705

		-2.436		-1.72E-03

		-2.494333		-1.73E-03

		-2.5275		-0.00175

		-2.590667		-1.79E-03






_1013525363.xls
Hf

		23.4		18.2		23.4		18.2		20.6		20.6		23.4		23.4

		24.7		20.6		24.7		20.6		22.8		22.8		24.7		24.7

		26		22.8		26		22.8		24.8		24.8		26		26

		27.3		24.8		27.3		24.8		26.6		26.6		27.3		27.3

		28.6		26.6		28.6		26.6		28.4		28.4		28.6		28.6

		29.9		28.4		29.9		28.4		30.2		30.2		29.9		29.9

		31.2		30.2		31.2		30.2		32		32		31.2		31.2

		33.8		32		33.8		32		33.8		33.8		33.8		33.8

		36.4		33.8		36.4		33.8		35.7		35.7		36.4		36.4

		40.3		35.7		40.3		35.7		40		40		40.3		40.3

		45.5		40		45.5		40		50		50		45.5		45.5

		50.7		50		50.7		50						50.7		50.7



112_3 Hf

308_9 Hf

112_3 sens, annealed

308_9 sens

308_9 100u hf

308_9 100u sens

112_3 sens

112_3 Hf annealed

Copper Thickness

Coupling Field (Oe)

Ferromagnetic Coupling

28.1

87

24.845

110

70.1960937587

66.16

25.1

16.4165391537

25.1

68

23.24

73.4

49.6505629899

31.985

21.6

19.4915127231

17.3

54

15.84

41.2

38.9084334865

29.6

17.6

17.1352504073

20.4

51

20.23

33.9

26.6716469928

16.79

17.7

19.4120887281

14.5

37.7

13.565

21.1

23.2785412796

14.84

14.2

14.1580439023

14.1

27.3

15.99

15.4

29.8457430223

22.885

13.9

13.9773625898

16.5

37.3

15.68

28.9

22.3477374086

17.36

16.2

15.6473314927

17.6

26.5

14.89

19.7

23.1409095496

17.22

15.2

15.6260691052

11.1

24.8

9.78

17.9

18.6021613084

14.4

11.3

11.1095066489

8.14

23.6

7.325

16.8

14.0251657955

8.36

8.94

8.0874727641

8.4

17.7

5.8185

12.6

13.0679816708

7.45

7.27

8.328296777

5.64

13

3.8495

11.7

5.46

5.6380206473



GMRsens

		23.4		23.4		18.2		18.2		20.6		20.6

		24.7		24.7		20.6		20.6		22.8		22.8

		26		26		22.8		22.8		24.8		24.8

		27.3		27.3		24.8		24.8		26.6		26.6

		28.6		28.6		26.6		26.6		28.4		28.4

		29.9		29.9		28.4		28.4		30.2		30.2

		31.2		31.2		30.2		30.2		32		32

		33.8		33.8		32		32		33.8		33.8

		36.4		36.4		33.8		33.8		35.7		35.7

		40.3		40.3		35.7		35.7		40		40

		45.5		45.5		40		40		50		50

		50.7		50.7		50		50



112_3 GMRannealed

112_3 1/R (dR/dH) annealed

308_9 GMR

308_9 1/R (dR/dH)

308_9 GMR 100u

308_9 1/R (dR/dH) 100u

Copper Thickness

%

Response

4.5044892305

0.2005834866

0.26

0.012

0.67

0.0346539938

4.3996293649

0.256312287

0.51

0.013

3.58

0.1125463174

4.623959053

0.4623673257

3.14

0.11

2.25

0.1539379213

4.2986342659

0.2849046109

2.04

0.1

2.62

0.2580878804

4.180307176

0.652213445

2.43

0.16

2.746

0.5144037159

4.1274219276

0.4715278028

2.71

0.36

2.59

0.1922828399

4.1875725267

0.4718283379

2.5

0.16

2.62

0.9724515321

3.8800600251

0.3843899271

2.59

0.3

2.41

0.4461982363

3.8644197205

0.7275506337

2.43

0.32

2.34

0.8843414739

3.577217293

1.2650408763

2.37

0.54

2.13

0.7290527277

3.4281110885

1.1881444906

2.2

0.61

1.91

1.0531122314

3.1302105772

1.5007672334

1.93

0.59



Noise

		23.4		18.2		23.4

		24.7		20.6		24.7

		26		22.8		26

		27.3		24.8		27.3

		28.6		26.6		28.6

		29.9		28.4		29.9

		31.2		30.2		31.2

		33.8		32		33.8

		36.4		33.8		36.4

		40.3		35.7		40.3

		45.5		40		45.5

		50.7		50		50.7



112_3 200-400 Hz

308_9 20 - 40Hz

112_3 200 - 400 Hz annealed

Cu thickness

Normalized Power

Power / Octave

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



free

		30		30		35		35		35		35

		40		40		50		50		50		50

		50		50		65		65		65		65

		60		60		80		80		80		80

		70		70		95		95		95		95

		80		80

		90		90



308_9 GMR %

308_9 1/R (dR/dH)

112_3 GMR

112_3 1/R (dR/dH)

112_3 annealed GMR

112_3 annealed 1/R dR/dH

Permalloy Thickness

GMR Ratio (%)

Free Layer Thickness

1.6397347541

0.1081014539

2.6161028068

1.4358856228

2.79

0.753

2.181595014

0.1363765306

3.5929108012

3.0910106789

3.65

1.42

2.7354232776

0.1984559118

3.7158898435

3.3096382198

3.78

2.03

3.1698471759

0.4314914688

3.4172117812

2.7099057625

3.45

1.17

2.82

0.216

3.36

2.48

3.28

1.32

2.91

0.263

3.0850241924

0.3139484476



free2

		30		30		35		35		35		35

		40		40		50		50		50		50

		50		50		65		65		65		65

		60		60		80		80		80		80

		70		70		95		95		95		95

		80		80

		90		90



308_9 Hf

308_9 sens

112_3 Hf

112_3 sens

112_3 annealed Hf

112_3 annealed sens

Permalloy Thickness

Coupling Field (Oe)

34.3174128055

26.74

7.3172669759

7.68

8.16

8.69

30.3926864938

19.105

6.6211476218

5.425

8.48

8.76

26.9217100431

21.81

6.350739629

4.48

6.11

7

23.0505324865

14.34

6.906648638

7.61

6.36

7.01

31.1

19.97

7.78

4.28

7.89

6.38

34.4

24.4

32.1389373821

22.975



free3

		35

		50

		65

		80

		95



112_3 annealed 200-400

Permalloy Thickness

Power / Octave

Noise vs. permalloy thickness

0

0

0

0

0



compare

		23.4		23.4

		24.7		24.7

		26		26

		27.3		27.3

		28.6		28.6

		29.9		29.9

		31.2		31.2

		33.8		33.8

		36.4		36.4

		40.3		40.3

		45.5		45.5

		50.7		50.7



Coupling Field

Power / Octave

Copper Thickness

Coupling

Power / Octave

24.845

0

23.24

0

15.84

0

20.23

0

13.565

0

15.99

0

15.68

0

14.89

0

9.78

0

7.325

0

5.8185

0

3.8495

0



temp

		35

		50

		65

		80

		95



Permalloy Thickness

Coupling Field (Oe)

7.3172669759

6.6211476218

6.350739629

6.906648638

7.78



112_113

		50x1000 patterns		ANNEALED

		sample		Cu thickness		Rap		GMR %		Hf		avg 1/R (dR/dH)		median sens. field		max 1/R (dR/dH)		field of highest sensitivity				power file #		power / octave (200 - 400 Hz)		normalized by sensitivity

		112a4		23.4		359.8		4.50		16.42		0.20		24.85		0.29		23.34				8		2.04E-12		1.02E-11

		112b2		24.7		327.8		4.40		19.49		0.26		23.24		0.36		22.67				3		2.91E-12		1.14E-11

		112c3		26		298.5		4.62		17.14		0.46		15.84		0.51		14.98				5		5.29E-12		1.14E-11

		112d3		27.3		298.3		4.30		19.41		0.28		20.23		0.42		19.65				3		3.56E-12		1.25E-11

		113a3		28.6		293.9		4.18		14.16		0.65		13.57		0.65		13.57				5		8.34E-12		1.28E-11

		113b4		29.9		287.9		4.13		13.98		0.47		15.99		0.63		15.53				23		6.66E-12		1.41E-11

		113c3		31.2		276.0		4.19		15.65		0.47		15.68		0.58		16.27				7		5.11E-12		1.08E-11

		113d4		33.8		261.5		3.88		15.63		0.38		14.89		0.51		16.31				13		4.05E-12		1.05E-11

		113e3		36.4		236.8		3.86		11.11		0.73		9.78		1.10		10.45				6		9.80E-12		1.35E-11

		113f2		40.3		221.7		3.58		8.09		1.27		7.33		1.71		7.03				3		1.49E-11		1.18E-11

		113g2		45.5		200.8		3.43		8.33		1.19		5.82		1.84		5.59				3		1.22E-11		1.03E-11

		113h2		50.7		182.4		3.13		5.64		1.50		3.85		3.52		2.84				5		2.19E-11		1.46E-11

		50x1000 patterns		UNANNEALED

		sample		Cu thickness		Rap		GMR %		Hf		avg 1/R (dR/dH)		median sens. field		1/R (dR/dH)		field of highest sensitivity				power file #		power / octave (20 - 40 Hz)		normalized by sensitivity		power / octave (200 - 400 Hz)		normalized by sensitivity

		112a3		23.4				4.33		28.1		0.16		27.09		0.26		25.1				6		1.52E-12		5.85E-12		4.07E-12		2.56E-11

		112b1		24.7				4.46		25.1		0.35		24.55		0.48		21.6				1		2.70E-12		5.62E-12		1.20E-11		3.43E-11

		112c2		26				4.55		17.3		0.69		18.56		1.48		17.6				3		1.74E-12		1.18E-12		3.19E-12		4.65E-12

		112d2		27.3				4.32		20.4		1.41		17.67		1.44		17.7				1		3.40E-11		2.36E-11		5.42E-12		3.84E-12

		113a2		28.6				4.18		14.5		1.55		14.74		2.06		14.2				3		4.24E-12		2.06E-12		1.74E-11		1.13E-11

		113b1		29.9				4.14		14.1		1.04		14.96		1.45		13.9				3		1.54E-12		1.06E-12		6.34E-12		6.11E-12

		113c2		31.2				4.33		16.5		0.51		17.57		1.43		16.2				5		2.12E-12		1.48E-12		2.17E-11		4.22E-11

		113d1		33.8				3.96		17.6		0.61		17.48		1.28		15.2				1		1.11E-12		8.66E-13		1.64E-12		2.66E-12

		113e1		36.4				3.89		11.1		1.96		10.48		1.91		11.3				1		9.48E-11		4.96E-11		1.07E-11		5.46E-12

		113f1		40.3				3.61		8.14		1.68		7.07		2.44		8.94				1		2.00E-13		8.22E-14		1.20E-12		7.15E-13

		113g1		45.5				3.37		8.4		2.10		7.27		2.13		7.27				1		1.74E-13		8.18E-14		7.53E-13		3.58E-13

		113h1		50.7				3.25		5.64		1.56		6.97		3.56		5.46				1		9.87E-12		2.77E-12		1.30E-12		8.33E-13

		NOT ANNEALED

		sample		Py thickness, (Cu = 27.2)		Rap		GMR %		Hf		avg 1/R (dR/dH)		median sens. field		1/R (dR/dH)		field of highest sensitivity				power file #		power / octave (20 - 40 Hz)		normalized by sensitivity		power / octave (200 - 400 Hz)		normalized by sensitivity

		123e1		35		262		2.62		7.32						1.44		7.68				1		4.18E-13		2.91E-13		7.01E-13		4.88E-13

		123f1		50		215		3.59		6.62						3.09		5.43				1		3.89E-12		1.26E-12		1.17E-12		3.80E-13		not 1/f noise

		123g1		65		206		3.72		6.35						3.31		4.48				1		1.11E-13		3.34E-14		1.67E-12		5.04E-13		in these samples

		123h1		80		210		3.42		6.91						2.71		7.61				1		1.73E-11		6.37E-12		8.49E-13		3.13E-13		(123e1-h1, 125b1)

		125b1		95		216		3.36		7.78						2.48		4.28				1		5.74E-12		2.31E-12		5.74E-13		2.31E-13

		after annealing

		123e2		35		259		2.79		8.16						0.753		8.69				3						4.65E-12		6.18E-12

		123f2		50		216		3.65		8.48						1.42		8.76				3						8.52E-12		6.00E-12

		123g5		65		190		3.78		6.11						2.03		7				6						2.11E-11		1.04E-11

		123h2		80		226		3.45		6.36						1.17		7.01				3						9.67E-12		8.26E-12

		125b2		95		211		3.28		7.89		1.31		6.38		1.32		6.38				2						3.75E-12		2.84E-12





308_309 50u

		50x1000 patterns

		sample		Cu thickness		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity				power file #		power / octave (20 - 40 Hz)		normalized by sensitivity

		308e1		18.2				0.26		87		0.012		110

		308f1		20.6				0.51		68		0.013		73.4

		308g1		22.8				3.14		54		0.11		41.2

		308h1		24.8				2.04		51		0.1		33.9

		308i1		26.6				2.43		37.7		0.16		21.1

		308j1		28.4				2.71		27.3		0.36		15.4				2		7.93E-13		2.20E-12

		308k1		30.2				2.5		37.3		0.16		28.9				1		3.93E-13		2.46E-12

		309a1		32				2.59		26.5		0.3		19.7				1		8.57E-13		2.86E-12

		309b1		33.8				2.43		24.8		0.32		17.9				1		6.57E-12		2.05E-11

		309c1		35.7				2.37		23.6		0.54		16.8				1		5.24E-13		9.70E-13

		309d1		40				2.2		17.7		0.61		12.6				1		4.15E-13		6.80E-13

		309e1		50				1.93		13		0.59		11.7

		sample		Sputtering Pressure (tCu = 29.3)		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity

		30299a1		1		278		3.68		15.45		1.683		11.41

		30299b1		2		291		3.87		19.57		0.751		14.52

		30299c1		3		362		3.18		46.84		0.133		35.61
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		100x1000 patterns

		sample		Cu thickness		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity

		308f2		20.6		263		0.67		70.2		0.035		66.2

		308g2		22.8		230		3.58		49.7		0.113		32.0

		308h2		24.8		246		2.25		38.9		0.154		29.6

		308i2		26.6		265		2.62		26.7		0.258		16.8

		308j2		28.4		241		2.746		23.3		0.514		14.8

		308k2		30.2		224		2.59		29.8		0.192		22.9

		309a2		32		201		2.62		22.3		0.972		17.4

		309b2		33.8		192		2.41		23.1		0.446		17.2

		309c2		35.7		225		2.34		18.6		0.884		14.4

		309d2		40		183		2.13		14.0		0.729		8.4

		309e2		50		118		1.91		13.1		1.053		7.5

		sample		Py thickness, (Cu = 27.2)		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity

		309f1		30		281		1.64		34.3		0.108		26.7

		309g1		40		211		2.18		30.4		0.136		19.1

		309h1		50		251		2.74		26.9		0.198		21.8

		309i1		60		180		3.17		23.1		0.431		14.3

		309j1		70		179		2.82		31.1		0.216		20.0

		309k1		80		177		2.91		34.4		0.263		24.4

		309l1		90		169		3.09		32.1		0.314		23.0
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		Field (Oe)		Resistance (ohms)				field		power / octave

		-19.74		189.716				2.52		1.01E-13

		-19.18		189.7148				2.71		1.02E-13

		-18.615		189.7124				2.9		9.85E-14

		-18.05		189.7701				3.1		9.69E-14

		-17.48		189.7148				3.29		9.77E-14

		-16.82		189.7124				3.48		1.02E-13

		-16.26		189.7136				3.67		1.05E-13

		-15.69		189.7124				3.86		1.10E-13

		-15.13		189.7154				4.05		1.21E-13

		-14.46		189.7136				4.23		1.41E-13

		-13.9		189.826				4.41		2.01E-13

		-13.335		189.7148				4.59		1.89E-13

		-12.77		189.7171				4.79		2.17E-13

		-12.105		189.7713				4.99		2.77E-13

		-11.53		189.7725				5.18		3.49E-13

		-10.97		189.7743				5.37		4.37E-13

		-10.41		189.7737				5.56		5.56E-13

		-9.84		189.8272				5.74		7.31E-13

		-9.175		189.8249				5.93		9.44E-13

		-8.61		189.7684				6.12		1.28E-12

		-8.04		189.7713				6.3		1.64E-12

		-7.465		189.8272				6.5		2.15E-12

		-6.805		189.8296				6.69		2.89E-12

		-6.24		189.8302				6.87		4.10E-12

		-5.685		189.832				7.06		6.01E-12

		-5.11		189.8296				7.25		8.64E-12

		-4.545		189.8314				7.45		1.23E-11

		-3.89		189.8337				7.64		1.69E-11

		-3.315		189.8361				7.83		2.12E-11

		-2.75		189.8396				8.02		1.85E-11

		-2.18		189.842				8.21		1.47E-11

		-1.615		189.8426				8.4		9.12E-12

		-0.94		189.8479				8.58		6.67E-12

		-0.94		189.8502				8.77		4.92E-12

		-0.11		189.8555				8.97		3.33E-12

		-0.11		189.8567				9.15		2.30E-12

		1.03		189.8715				9.35		1.56E-12

		1.69		189.8856				9.53		1.25E-12

		2.27		189.9015				9.73		8.88E-13

		2.83		189.9263				9.92		6.43E-13

		3.405		189.9593				10.11		5.38E-13

		4.07		190.0135				10.3		4.39E-13

		4.625		190.0873				10.49		3.60E-13

		5.21		190.207				10.68		3.14E-13

		5.77		190.3956				10.87		2.68E-13

		6.34		190.7182				11.05		2.30E-13

		7		191.4847				11.25		2.12E-13

		7.58		193.7701				11.44		2.05E-13

		8.15		195.8625				11.64		1.84E-13

		8.72		196.3634				11.82		1.74E-13

		9.39		196.597				12		1.76E-13

		9.965		196.6613				12.19		1.58E-13

		10.54		196.7144				12.38		1.48E-13

		11.1		196.7463				12.57		1.46E-13

		11.68		196.7622				12.76		1.39E-13

		12.34		196.7799				12.96		1.45E-13

		12.92		196.7929				13.15		1.44E-13

		13.485		196.8047				13.34		1.35E-13

		14.055		196.8165				13.52		1.28E-13

		14.73		196.8254				13.72		1.26E-13

		15.29		196.8318				13.91		1.17E-13

		15.875		196.8372				14.1		1.27E-13
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		9586.672

		9435.017

		9285.012

		9138.333

		8980

		8825.003

		8675.833

		8515.009

		8355

		8209.167

		8045.833

		7900

		7735

		7575.01

		7425

		7265.015

		7105

		6955

		6794.173

		6630.01

		6480

		6320

		6155.001

		6005.005

		5840.008

		5680

		5365

		5200.001

		5055

		4890.008

		4725.012

		4577.5

		4415

		4250

		4100.006

		3935

		3785

		3623.333

		3460

		3310

		3145

		2980

		2830

		2665

		2500

		2350

		2185

		2020

		1870

		1705

		1540

		1389.167

		1225

		1060

		909.1667

		745

		580

		429.1667

		262.5

		99.16666

		49.16667

		-108.3367

		-259.1833

		-425.1167

		-590.05

		-740.15

		-905

		-1070

		-1220.833

		-1388.333

		-1552.5

		-1705

		-1870

		-2035

		-2186.667

		-2351.667

		-2500

		-2668.333

		-2831.667

		-2985

		-3150

		-3315

		-3465

		-3630

		-3795

		-3945

		-4110

		-4275

		-4430

		-4590

		-4755

		-4910

		-5070

		-5235

		-5390

		-5550

		-5715

		-5865

		-6030

		-6195

		-6345

		-6510

		-6675

		-6824.167

		-6985

		-7135

		-7295

		-7460

		-7610

		-7770

		-7935

		-8085

		-8245

		-8407.5

		-8555

		-8720

		-8880

		-9025

		-9185.833

		-9350

		-9495



M (emu/cc)

Field (Oe)

Magnetization (emu / cc)

-315.7074100719

-319.7841726619

-318.4651798561

-324.1007194245

-313.1894244604

-311.0311510791

-312.3501438849

-313.0695683453

-311.0311510791

-311.630647482

-306.7146043165

-331.0551798561

-305.6355395683

-300.7194244604

-306.9544604317

-299.7602158273

-303.5971223022

-310.071942446

-281.2949640288

-288.2494244604

-294.0048201439

-292.565971223

-288.0095683453

-289.088705036

-289.5684172662

-285.131942446

-281.2949640288

-290.1679136691

-270.8633093525

-285.2517985612

-282.494028777

-276.3788489209

-275.0599280576

-272.0623021583

-272.4220863309

-270.2638129496

-251.7985611511

-261.5107913669

-265.3477697842

-266.6666906475

-265.4676258993

-259.9520143885

-256.7146043165

-255.2757553957

-255.1558992806

-250.5994964029

-251.3189928058

-246.4028776978

-241.1270503597

-239.928057554

-235.2517985612

-234.052733813

-230.8153956835

-229.4964028777

-228.0575539568

-228.1774820144

-223.5012230216

-223.2613669065

-219.3045323741

-219.4244604317

-216.5467625899

-214.988057554

-221.4628057554

-222.3021582734

-220.8633093525

-217.7458273381

-212.9496402878

-208.7530215827

-206.2350359712

-194.7242446043

-192.4460431655

-190.2877697842

-187.0503597122

-179.9760431655

-171.4628776978

-167.1462589928

-158.273381295

-150.2397841727

-143.1654676259

-131.7746043165

-119.3045323741

-108.3932374101

-91.3669064748

-73.0215827338

-56.7146043165

-37.4100719424

-12.3501151079

12.3501223022

42.9256618705

57.9136690647

82.7338129496

116.3069568345

113.6690647482

125.2997553957

158.5131654676

167.1462589928

204.6762589928

209.9520863309

217.9856115108

224.1007194245

232.7338129496

247.2422302158

253.7169784173

253.3573381295

260.911294964

265.2278417266

269.0647482014

278.0575539568

281.7746043165

291.9664028777

283.6930215827

286.5707194245

291.1271223022

304.4364028777

307.1942446043

313.9088489209

311.7505755396

311.0311510791

314.2685611511

322.1822302158

321.8225179856

331.1750359712

278.6570503597

325.0599280576

319.1846043165

325.1798561151

321.2230215827

321.3429496403

320.3836690647

317.7458273381

317.3861151079

317.3861151079

314.9879856115

310.4316546763

324.5803597122

316.0671223022

306.7146043165

280.2158273381

290.7673381295

302.5179856115

305.035971223

302.398057554

299.160647482

278.6570503597

296.5228057554

299.160647482

290.5275539568

293.8848920863

289.088705036

288.3692805755

283.8129496403

279.1366906475

285.6115107914

281.2949640288

276.8584892086

276.7386330935

274.220647482

271.2230215827

270.9832374101

267.0264028777

229.4964028777

262.5899280576

225.8992805755

256.8345323741

256.4748201439

254.3165467626

252.0383453237

249.7602158273

247.4820143885

245.4436690647

241.0071942446

240.5276258993

237.7697841727

234.1726618705

231.5348201439

229.3764748201

226.2589928058

226.9784172662

221.3429496403

220.2638129496

219.4244604317

217.9856115108

223.7410071942

223.0215827338

218.4652517986

215.7074100719

213.1894244604

208.0335971223

203.1174820144

200.5994964029

194.124676259

188.6091366906

185.4915827338

174.3405035971

173.8609352518

165.4676258993

153.7170503597

149.6402877698

140.887266187

123.5012014388

119.7841726619

106.3549208633

88.0095899281

67.865705036

56.8345323741

32.6139064748

12.1103093525

-18.2253956835

-40.8872661871

-60.3117266187

-84.5323741007

-114.148705036

-131.1750359712

-153.1175539568

-165.947266187

-182.9735971223

-195.0839568345

-208.5131654676

-222.1822302158

-234.4124460432

-236.690647482

-242.3261151079

-247.4820143885

-255.8752517986

-268.8249640288

-258.9928057554

-289.6882733813

-271.7025899281

-278.0575539568

-284.8920863309

-290.887266187

-297.1223021583

-294.2446043165

-309.7122302158

-312.8297122302

-301.0791366906

-300.7194244604

-314.6282733813

-310.7913669065

-313.1894244604

-316.9064748201

-316.3069064748



70798E3

		Signal		Field (Oe)		Magnetization (emu)								M (emu/cc)

		3489.3		-9548.333		-5.18E-03								-315.707

		3431.025		-9390.833		-0.005235								-319.784

		3372.75		-9245.833		-5.22E-03								-318.465

		3314.476		-9085		-0.005295								-324.101

		3256.201		-8925		-5.14E-03				length (cm)		1.36		-313.189

		3197.926		-8775		-5.11E-03								-311.031

		3139.652		-8615		-5.13E-03				width (cm)		1.02		-312.350

		3081.377		-8450.833		-5.14E-03								-313.070

		3023.102		-8300		-5.11E-03				thickness (cm)		1.00E-05		-311.031

		2964.827		-8140		-5.12E-03								-311.631

		2906.552		-7965		-5.05E-03				volume (cc)		1.39E-05		-306.715

		2848.278		-7817.5		-5.39E-03								-331.055

		2790.003		-7655		-5.04E-03				Max mag		3.81E-03		-305.636

		2731.728		-7500		-0.00497								-300.719

		2673.454		-7350		-5.06E-03				Min mag		-5.39E-03		-306.954

		2615.179		-7188.333		-4.96E-03								-299.760

		2556.904		-7025		-0.00501								-303.597

		2498.629		-6875		-0.0051								-310.072

		2440.354		-6715		-0.0047								-281.295

		2382.08		-6550		-4.80E-03								-288.249

		2323.805		-6400		-4.88E-03								-294.005

		2265.53		-6235		-4.86E-03								-292.566

		2207.256		-6070		-4.79E-03								-288.010

		2148.981		-5920		-4.81E-03								-289.089

		2090.706		-5760		-4.82E-03								-289.568

		2032.431		-5595		-4.75E-03								-285.132

		1974.156		-5445		-0.0047								-281.295

		1915.882		-5280		-4.82E-03								-290.168

		1857.607		-5130		-0.004555								-270.863

		1799.332		-4965		-0.004755								-285.252

		1741.058		-4800		-4.72E-03								-282.494

		1682.783		-4650		-4.63E-03								-276.379

		1624.508		-4485		-4.61E-03								-275.060

		1566.233		-4320		-4.57E-03								-272.062

		1507.958		-4170		-4.58E-03								-272.422

		1449.684		-4005		-4.55E-03								-270.264

		1391.409		-3840		-0.00429								-251.799

		1333.134		-3690		-0.004425								-261.511

		1274.86		-3525		-4.48E-03								-265.348

		1216.585		-3360		-4.50E-03								-266.667

		1158.31		-3210		-0.00448								-265.468

		1100.035		-3045		-4.40E-03								-259.952

		1041.76		-2880		-4.36E-03								-256.715

		983.4858		-2730		-4.34E-03								-255.276

		925.2111		-2565		-4.34E-03								-255.156

		866.9363		-2400		-4.27E-03								-250.599

		808.6616		-2250		-4.28E-03								-251.319

		750.3868		-2085		-0.004215								-246.403

		692.1121		-1920		-4.14E-03								-241.127

		633.8373		-1769.167		-0.004125								-239.928

		575.5626		-1605		-0.00406								-235.252

		517.2878		-1440		-4.04E-03								-234.053

		459.0131		-1285.833		-4.00E-03								-230.815

		400.7383		-1120.833		-0.00398								-229.496

		342.4636		-959.2383		-0.00396								-228.058

		284.1888		-805.0251		-3.96E-03								-228.177

		225.9141		-640.0333		-3.90E-03								-223.501

		167.6393		-490.02		-3.89E-03								-223.261

		109.3646		-325.025		-3.84E-03								-219.305

		51.08981		-160.0167		-0.00384								-219.424

		-7.184937		-10		-0.0038								-216.547

		0		9.166667		-3.78E-03								-214.988

		58.27475		170		-3.87E-03								-221.463

		116.5495		320.8333		-0.00388								-222.302

		174.8242		490		-0.00386								-220.863

		233.099		655		-3.82E-03								-217.746

		291.3737		804.1667		-0.00375								-212.950

		349.6485		970		-3.69E-03								-208.753

		407.9232		1135.025		-3.66E-03								-206.235

		466.198		1285.02		-3.50E-03								-194.724

		524.4728		1454.172		-0.003465								-192.446

		582.7475		1616.667		-0.003435								-190.288

		641.0222		1770		-0.00339								-187.050

		699.297		1935.02		-3.29E-03								-179.976

		757.5718		2099.192		-3.17E-03								-171.463

		815.8465		2252.51		-3.11E-03								-167.146

		874.1212		2416.677		-0.00299								-158.273

		932.396		2569.187		-2.88E-03								-150.240

		990.6708		2735.025		-0.00278								-143.165

		1048.946		2900.038		-2.62E-03								-131.775

		1107.22		3050		-2.45E-03								-119.305

		1165.495		3215		-2.30E-03								-108.393

		1223.77		3380.03		-0.00206								-91.367

		1282.044		3530.023		-0.001805								-73.022

		1340.319		3695		-1.58E-03								-56.715

		1398.594		3860		-0.00131								-37.410

		1456.869		4015.01		-9.62E-04								-12.350

		1515.144		4180		-6.18E-04								12.350

		1573.418		4340.005		-1.93E-04								42.926

		1631.693		4495.001		0.000015								57.914

		1689.968		4658.399		0.00036								82.734

		1748.242		4820.064		8.27E-04								116.307

		1806.517		4975		0.00079								113.669

		1864.792		5135.89		9.52E-04								125.300

		1923.067		5305.005		1.41E-03								158.513

		1981.342		5455.001		1.53E-03								167.146

		2039.616		5616.667		0.002055								204.676

		2097.891		5785.012		2.13E-03								209.952

		2156.166		5935		0.00224								217.986

		2214.44		6095.84		0.002325								224.101

		2272.715		6260.003		0.002445								232.734

		2330.99		6410		2.65E-03								247.242

		2389.265		6575		2.74E-03								253.717

		2447.54		6740		2.73E-03								253.357

		2505.814		6890		2.84E-03								260.911

		2564.089		7053.34		2.90E-03								265.228

		2622.364		7200		0.00295								269.065

		2680.638		7365		0.003075								278.058

		2738.913		7529.167		3.13E-03								281.775

		2797.188		7675.012		3.27E-03								291.966

		2855.463		7840.008		3.15E-03								283.693

		2913.738		8000		3.19E-03								286.571

		2972.012		8150.003		3.26E-03								291.127

		3088.562		8475		3.44E-03								304.436

		3146.836		8620.01		0.00348								307.194

		3205.111		8785.009		3.57E-03								313.909

		3263.386		8945		3.54E-03								311.751

		3321.661		9093.333		3.53E-03								311.031

		3379.936		9255.015		3.58E-03								314.269

		3438.21		9415		3.69E-03								322.182

		3496.485		9560.843		3.68E-03								321.823

		3503.67		9586.672		3.81E-03								331.175

		3445.395		9435.017		3.08E-03								278.657

		3387.12		9285.012		3.73E-03								325.060

		3328.846		9138.333		3.65E-03								319.185

		3270.571		8980		0.00373								325.180

		3212.296		8825.003		0.003675								321.223

		3154.021		8675.833		3.68E-03								321.343

		3095.747		8515.009		3.66E-03								320.384

		3037.472		8355		3.63E-03								317.746

		2979.197		8209.167		3.62E-03								317.386

		2920.922		8045.833		3.62E-03								317.386

		2862.648		7900		3.59E-03								314.988

		2804.373		7735		0.003525								310.432

		2746.098		7575.01		3.72E-03								324.580

		2687.823		7425		3.60E-03								316.067

		2629.549		7265.015		3.47E-03								306.715

		2571.274		7105		0.003105								280.216

		2512.999		6955		3.25E-03								290.767

		2454.724		6794.173		0.003415								302.518

		2396.45		6630.01		0.00345								305.036

		2338.175		6480		3.41E-03								302.398

		2279.9		6320		3.37E-03								299.161

		2221.625		6155.001		3.08E-03								278.657

		2163.351		6005.005		3.33E-03								296.523

		2105.076		5840.008		3.37E-03								299.161

		2046.801		5680		3.25E-03								290.528

		1930.252		5365		0.003295								293.885

		1871.977		5200.001		3.23E-03								289.089

		1813.702		5055		3.22E-03								288.369

		1755.427		4890.008		0.003155								283.813

		1697.153		4725.012		0.00309								279.137

		1638.878		4577.5		0.00318								285.612

		1580.603		4415		0.00312								281.295

		1522.328		4250		3.06E-03								276.858

		1464.054		4100.006		3.06E-03								276.739

		1405.779		3935		3.02E-03								274.221

		1347.504		3785		0.00298								271.223

		1289.229		3623.333		2.98E-03								270.983

		1230.955		3460		2.92E-03								267.026

		1172.68		3310		0.0024								229.496

		1114.405		3145		0.00286								262.590

		1056.13		2980		0.00235								225.899

		997.8557		2830		0.00278								256.835

		939.5809		2665		0.002775								256.475

		881.3062		2500		0.002745								254.317

		823.0314		2350		2.71E-03								252.038

		764.7567		2185		2.68E-03								249.760

		706.4819		2020		0.00265								247.482

		648.2072		1870		2.62E-03								245.444

		589.9324		1705		0.00256								241.007

		531.6577		1540		2.55E-03								240.528

		473.3829		1389.167		0.002515								237.770

		415.1082		1225		0.002465								234.173

		356.8334		1060		2.43E-03								231.535

		298.5587		909.1667		2.40E-03								229.376

		240.2839		745		0.002355								226.259

		182.0092		580		0.002365								226.978

		123.7344		429.1667		2.29E-03								221.343

		65.45969		262.5		2.27E-03								220.264

		7.184937		99.16666		0.00226								219.424

		0		49.16667		0.00224								217.986

		58.27475		-108.3367		0.00232								223.741

		116.5495		-259.1833		0.00231								223.022

		174.8242		-425.1167		2.25E-03								218.465

		233.099		-590.05		2.21E-03								215.707

		291.3737		-740.15		2.17E-03								213.189

		349.6485		-905		2.10E-03								208.034

		407.9232		-1070		2.03E-03								203.117

		466.198		-1220.833		2.00E-03								200.599

		524.4728		-1388.333		1.91E-03								194.125

		582.7475		-1552.5		1.83E-03								188.609

		641.0222		-1705		1.79E-03								185.492

		699.297		-1870		1.63E-03								174.341

		757.5718		-2035		1.63E-03								173.861

		815.8465		-2186.667		0.00151								165.468

		874.1212		-2351.667		1.35E-03								153.717

		932.396		-2500		0.00129								149.640

		990.6708		-2668.333		1.17E-03								140.887
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30999M1

		1 mTorr								2 mTorr								3 mTorr

		Field (Oe)		Resistance (ohms)						Field (Oe)		Resistance (ohms)						Field (Oe)		Resistance (ohms)

		-0.11		196.5554		0.0006105186				-0.11		248.9754		0				0.22		300.857		0.0341142141

		-0.03		196.5548		0.0003052593				-0.03		248.9754		0				0.3		300.857		0.0341142141

		0.713		196.5542		0				1.475		248.9754		0				3.11		300.857		0.0341142141

		1.475		196.5571		0.00147542				2.89		248.9754		0				5.83		300.857		0.0341142141

		2.13		196.5548		0.0003052593				4.4		248.9754		0				8.65		300.857		0.0341142141

		2.875		196.5565		0.0011701607				5.825		248.9754		0				11.37		300.857		0.0341142141

		3.64		196.5589		0.0023911979				7.335		248.9754		0				14.2		300.857		0.0341142141

		4.38		196.5589		0.0023911979				8.75		248.9754		0				17.03		300.863		0.0361091974

		5.05		196.5607		0.0033069759				10.28		248.9754		0				19.75		300.863		0.0361091974

		5.8		196.5649		0.0054437911				11.7		248.9874		0.0048197533				22.595		300.869		0.0381041807

		6.55		196.5667		0.006359569				13.21		248.9874		0.0048197533				25.42		300.869		0.0381041807

		7.3		196.5702		0.0081402483				14.735		248.9874		0.0048197533				28.16		300.869		0.0381041807

		8.06		196.5768		0.0114981008				16.15		248.9994		0.0096395066				30.99		300.869		0.0381041807

		8.71		196.5827		0.0144998174				17.675		248.9994		0.0096395066				33.83		300.8751		0.0401324137

		9.47		196.5952		0.0208593864				19.09		249.0174		0.0168691365				36.56		300.8811		0.042127397

		10.23		196.6119		0.0293557706				20.62		249.0354		0.0240987664				39.405		300.8871		0.0441223803

		10.98		196.6393		0.0432959459				22.04		249.0593		0.0336981083				42.15		300.9052		0.0501405798

		11.645		196.6798		0.0639009495				23.56		249.1073		0.0529771214				44.98		300.9294		0.0581870124

		12.4		196.7744		0.1120301678				24.99		249.1612		0.0746258466				47.825		300.9535		0.0662001952

		13.15		197.0506		0.2525512047				26.51		249.2511		0.1107338315				50.58		301.0139		0.0862830269

		13.91		197.8452		0.6568162878				28.03		249.3769		0.1612609117				53.44		301.0863		0.1103558252

		14.67		198.6373		1.0598094571				29.46		249.5506		0.2310268404				56.295		301.1829		0.1424750561

		15.32		198.9702		1.2291774991				30.98		249.7543		0.3128421523				59.065		301.3096		0.184602453

		16.08		199.2126		1.3525022615				32.405		249.9581		0.3946976288				61.92		301.4484		0.2307530663

		16.83		199.3901		1.4428081415				33.94		250.1857		0.4861122826				64.7		301.5932		0.2788986628

		17.59		199.5599		1.529196527				35.36		250.4074		0.5751572244				67.545		301.7502		0.3311007254

		18.25		199.6718		1.5861273888				36.88		250.6351		0.6666120428				70.395		301.901		0.3812413052

		19		199.7778		1.640056534				38.31		250.8448		0.7508372313				73.19		302.0519		0.4314151347

		19.76		199.8648		1.6843191344				39.835		251.0545		0.8350624198				76.055		302.1967		0.4795607313

		20.52		199.9339		1.7194748319				41.36		251.3276		0.9447519715				78.825		302.4148		0.5520783736

		21.27		199.9964		1.751272677				42.79		251.5827		1.0472118932				81.73		302.5415		0.5942057706

		21.935		200.0447		1.7758460516				44.315		251.7506		1.1146482745				84.58		302.7536		0.6647284296

		22.695		200.0923		1.8000632904				45.74		251.9005		1.1748550258				87.355		302.8503		0.6968809101

		23.445		200.137		1.8228051092				47.27		252.0564		1.2374716538				90.23		302.9589		0.7329901075

		24.205		200.1793		1.8443258908				48.7		252.1942		1.2928184873				93.03		303.0435		0.7611193718

		24.86		200.2138		1.8618783013				50.23		252.3141		1.3409758554				95.92		303.128		0.7892153864

		25.63		200.2502		1.8803973662				51.66		252.4341		1.3891733882				98.805		303.1884		0.8092982181

		26.38		200.2859		1.8985602953				53.19		252.542		1.4325110031				101.74		303.2488		0.8293810498

		27.135		200.3222		1.9170284837				54.73		252.6559		1.4782584946				104.535		303.285		0.8414174489

		27.9		200.3627		1.9376334874				56.16		252.7578		1.5191862329				107.41		303.3213		0.8534870978

		28.565		200.3961		1.9546262558				57.675		252.8477		1.5552942178				110.22		303.3333		0.8574770643

		29.32		200.433		1.9733997035				59.12		252.9257		1.5866226141				113.145		303.3394		0.8595052973

		30.08		200.4675		1.990952114				60.65		253.0096		1.6203207224				116.04		303.3333		0.8574770643

		30.84		200.5069		2.0109974755				62.08		253.0815		1.6491990775				118.81		303.3152		0.8514588648

		31.51		200.539		2.0273288487				63.615		253.1655		1.6829373504				121.72		303.279		0.8394224656

		32.27		200.5759		2.0461022965				65.07		253.2254		1.7069959522				124.565		303.2427		0.8273528168

		33.04		200.6129		2.0649266207				66.605		253.2974		1.7359144719				127.475		303.1884		0.8092982181

		33.81		200.6492		2.0833948092				68.04		253.3453		1.7551533204				130.4		303.1341		0.7912436194

		34.57		200.6802		2.0991665403				69.585		253.4053		1.7792520868				133.31		303.0616		0.7671375714

		35.24		200.7058		2.1121909377				71.11501		253.4592		1.8009008119				136.065		302.971		0.7370133238

		36		200.7344		2.1267416316				72.57		253.5012		1.8177699484				138.86		302.8986		0.7129405256

		36.76		200.76		2.1397660289				74.02499		253.5492		1.8370489615				141.895		302.7959		0.6787930617

		37.53		200.7832		2.151569389				75.59		253.5971		1.85628781				144.83		302.6993		0.6466738309

		38.2		200.8035		2.1618973291				77.14		253.6451		1.8755668231				147.69		302.5785		0.6065081675

		38.965		200.8255		2.1730901705				78.58		253.6811		1.8900260829				150.535		302.4758		0.5723607036

		39.73		200.8439		2.1824514561				80.13		253.717		1.9044451781				153.445		302.3551		0.5322282899

		40.49		200.8618		2.191558359				81.58		253.747		1.9164945613				156.24		302.2404		0.4940908595

		41.25		200.8797		2.2006652618				83.145		253.783		1.9309538211				159.15		302.1135		0.4518969631

		41.915		200.8928		2.2073300901				84.69		253.8129		1.9429630397				162.065		302.0109		0.417782749

		42.68		200.9059		2.2139949184				86.14		253.8309		1.9501926696				164.99		301.799		0.3473265894

		43.445		200.9184		2.2203544875				87.58		253.8549		1.9598321762				167.775		301.6174		0.2869450954

		44.21		200.9309		2.2267140565				89.12		253.8849		1.9718815594				170.6		301.5027		0.248807665

		44.86		200.9398		2.2312420696				90.66		253.9029		1.9791111893				173.5		301.4303		0.2247348667

		45.64		200.9494		2.2361262186				92.085		253.9209		1.9863408192				176.39		301.3518		0.1986338354

		46.405		200.9571		2.2400437131				93.63		253.9448		1.9959401612				179.3		301.2975		0.1805792367

		47.175		200.9649		2.2440120842				95.09		253.9568		2.0007599144				182.1		301.2372		0.1605296548

		47.94		200.9732		2.248234838				96.655		253.9808		2.010399421				184.975		301.1829		0.1424750561

		48.605		200.9774		2.2503716532				98.215		253.9928		2.0152191743				187.775		301.1466		0.1304054072

		49.38		200.9839		2.2536786291				99.66		254.0048		2.0200389275				190.655		301.1165		0.1203972411

		50.145		200.9905		2.2570364815				101.11		254.0168		2.0248586808				193.495		301.0984		0.1143790415

		50.91		200.9929		2.2582575188				102.655		254.0288		2.0296784341				196.25		301.0682		0.1043376257

		51.57		200.9976		2.2606487167				104.195		254.0348		2.0320883107				199.145		301.0501		0.0983194261

		52.35		201.0024		2.2630907912				105.64		254.0408		2.0344981874				199.12		301.038		0.0942962098

		53.1		201.0065		2.2651767299				107.195		254.0528		2.0393179406				196.245		301.038		0.0942962098

		53.88		201.0101		2.2670082858				108.64		254.0587		2.0416876527				193.49		301.032		0.0923012265

		54.65		201.0131		2.2685345823				110.18		254.0647		2.0440975293				190.66		301.032		0.0923012265

		55.33		201.0155		2.2697556196				111.735		254.0647		2.0440975293				187.815		301.038		0.0942962098

		56.1		201.0208		2.2724520768				113.16		254.0647		2.0440975293				185.055		301.038		0.0942962098

		56.875		201.0226		2.2733678548				114.62		254.0707		2.046507406				182.215		301.038		0.0942962098

		57.64		201.0262		2.2751994106				116.16		254.0707		2.046507406				179.46		301.038		0.0942962098

		58.32		201.0262		2.2751994106				117.7		254.0767		2.0489172826				176.605		301.0441		0.0963244428

		59.09		201.0286		2.2764204479				119.15		254.0647		2.0440975293				173.75		301.038		0.0942962098

		59.085		201.0286		2.2764204479				119.17		254.0647		2.0440975293				170.895		301.0501		0.0983194261

		58.33		201.0268		2.27550467				117.75		254.0647		2.0440975293				168.15		301.0501		0.0983194261

		57.665		201.0256		2.2748941513				116.25		254.0528		2.0393179406				165.4		301.0561		0.1003144094

		56.93		201.0232		2.2736731141				114.74		254.0408		2.0344981874				162.545		301.0622		0.1023426424

		56.18		201.0197		2.2718924348				113.31		254.0408		2.0344981874				159.695		301.0742		0.1063326089

		55.42		201.0155		2.2697556196				111.9		254.0348		2.0320883107				156.85		301.0803		0.1083608419

		54.77		201.0113		2.2676188044				110.38		254.0168		2.0248586808				154.095		301.0863		0.1103558252

		54.015		201.0077		2.2657872485				108.88		254.0168		2.0248586808				151.25		301.0923		0.1123508085

		53.26		201.0036		2.2637013099				107.46		253.9988		2.0176290509				148.48		301.0984		0.1143790415

		52.51		200.9988		2.2612592354				105.94		253.9928		2.0152191743				145.63		301.0984		0.1143790415

		51.75		200.994		2.2588171609				104.52		253.9808		2.010399421				142.78		301.1104		0.1183690081

		51.095		200.9917		2.2576470002				103.005		253.9748		2.0079895443				139.93		301.1225		0.1223922244

		50.34		200.9845		2.2539838884				101.49		253.9688		2.0055796677				137.17		301.2255		0.1566394374

		49.585		200.9798		2.2515926905				100.07		253.9508		1.9983500378				134.42		301.1466		0.1304054072

		48.825		200.9738		2.2485400973				98.64		253.9388		1.9935302845				131.565		301.1466		0.1304054072

		48.17		200.9672		2.2451822449				97.1		253.9209		1.9863408192				128.71		301.3406		0.1949098667

		47.415		201.0212		2.272655583				95.58		253.9029		1.9791111893				125.855		301.3527		0.1989330829

		46.655		200.9523		2.2376016386				94.16		253.8909		1.974291436				123.085		301.1829		0.1424750561

		45.9		200.9434		2.2330736255				92.64		253.8729		1.9670618061				120.23		301.2859		0.1767222691

		45.135		200.9333		2.2279350937				91.22		253.8609		1.9622420528				117.47		301.304		0.1827404686

		44.49		200.925		2.2237123399				89.69		253.8309		1.9501926696				114.61		301.4131		0.2190159146

		43.735		200.9142		2.2182176723				88.17		253.8129		1.9429630397				111.73		301.4251		0.2230058812

		42.98		200.9041		2.2130791405				86.745		253.789		1.9333636978				108.98		301.3523		0.1988000841

		42.23		200.9515		2.2371946262				85.33		253.765		1.9237241912				106.11		301.3644		0.2028233003

		41.56		200.9401		2.2313946993				83.805		253.741		1.9140846847				103.34		301.2915		0.1785842535

		40.81		200.8648		2.1930846555				82.28		253.705		1.8996254248				100.47		301.4976		0.2471119292

		40.06		200.9696		2.2464032821				80.85		253.6811		1.8900260829				97.565		301.4247		0.2228728823

		39.3		200.8919		2.2068722012				79.325		253.6451		1.8755668231				94.695		301.5338		0.2591483283

		38.54		200.9321		2.2273245751				77.88499		253.6091		1.8611075632				91.91		301.5519		0.2651665279

		37.875		200.8544		2.1877934941				76.36		253.5731		1.8466483034				89.02499		301.564		0.2691897442

		37.12		200.8921		2.2069739543				74.835		253.5372		1.8322292082				86.245		301.4911		0.2449506973

		36.36		200.8713		2.1963916314				73.4		253.4952		1.8153600717				83.36		301.5092		0.2509688969

		35.61		200.8463		2.1836724934				71.97		253.4532		1.7984909352				80.47501		301.6063		0.2832543763

		34.955		200.765		2.1423098565				70.445		253.3993		1.7768422101				77.695		301.6123		0.2852493596

		34.2		200.7998		2.1600148967				68.92		253.3453		1.7551533204				74.8		301.6003		0.281259393

		33.44		200.7711		2.1454133262				67.49		253.2974		1.7359144719				72.01		301.5942		0.27923116

		32.67		200.7414		2.1303029902				65.96		253.2374		1.7118157055				69.14		301.5761		0.2732129605

		31.91		200.7104		2.1145312591				64.52		253.1775		1.6877571037				66.26		301.558		0.2671947609

		31.25		200.6818		2.0999805652				62.98		253.1115		1.6612484607				63.47		301.4247		0.2228728823

		30.495		200.6508		2.084208834				61.55		253.0456		1.6347799823				60.6		301.4614		0.2350755301

		29.74		200.6162		2.066605547				60.02		252.9736		1.6058614626				57.81		301.4131		0.2190159146

		28.975		200.5799		2.0481373586				58.585		252.8897		1.5721633543				54.93		301.3406		0.1949098667

		28.32		200.5489		2.0323656274				57.07		252.8058		1.538465246				52.03		301.1772		0.1405798219

		27.55		200.5107		2.0129307845				55.635		252.7218		1.504726973				49.24		301.2077		0.150720987

		26.79		200.4714		1.9929362995				54.1		252.6139		1.4613893581				46.35		301.0384		0.0944292087

		26.045		200.4333		1.9735523331				52.565		252.506		1.4180517433				43.48		300.978		0.074346377

		25.275		200.3939		1.9535069716				51.125		252.3981		1.3747141284				40.695		300.8328		0.0260677816

		24.615		200.357		1.9347335239				49.58		252.2782		1.3265567602				37.81		300.7966		0.0140313824

		23.85		200.3111		1.9113811865				48.15		252.1583		1.2783993921				35.03		300.8633		0.0362089466

		23.095		200.2652		1.888028849				46.62		252.0144		1.2206025174				32.13		300.7604		0.0019949833

		22.33		200.2157		1.8628449557				45.18		251.8645		1.160395766				29.25		300.7544		0

		21.66		200.1681		1.8386277169				43.66		251.6392		1.0699048982				26.46		300.7604		0.0019949833

		20.9		200.1096		1.8088649339				42.22		251.5587		1.0375723867				23.57		300.7604		0.0019949833

		20.14		200.0429		1.7749302737				40.68		251.2163		0.9000487598				20.675		300.7725		0.0060181996

		19.375		199.969		1.7373325017				39.15		251.0246		0.8230532012				17.89		300.7845		0.0100081661

		18.62		199.8826		1.6933751606				37.71		250.8328		0.746017478				15.005		300.7845		0.0100081661

		17.96		199.7902		1.6463652265				36.18		250.6171		0.6593824129				12.11		300.7966		0.0140313824

		17.2		199.6669		1.5836344377				34.75		250.4134		0.577567101				9.32		300.8087		0.0180545987

		16.44		199.5042		1.5008582874				33.205		250.1857		0.4861122826				6.44		300.8087		0.0180545987

		15.69		199.3218		1.4080594564				31.77		249.97		0.3994772174				3.64		300.8208		0.022077815

		15.02		199.1108		1.3007099314				30.24		249.7603		0.3152520289				3.64		300.9116		0.052268562

		14.26		198.7426		1.1133824665				28.8		249.5686		0.2382564703				0.68		300.8328		0.0260677816

		13.49		198.0363		0.7540413789				27.255		249.4068		0.1732701303								-100

		12.74		197.14		0.2980348423				25.73		249.269		0.1179232968								-100

		11.98		196.8845		0.1680452516				24.29		249.1792		0.0818554765								-100

		11.315		196.8064		0.1283106644				22.76		249.1073		0.0529771214								-100

		10.56		196.7641		0.1067898829				21.32		249.0713		0.0385178616								-100

		9.8		196.7374		0.0932058435				19.78		249.0414		0.026508643								-100

		9.03		196.7219		0.0853199779				18.35		249.0234		0.0192790131								-100

		8.37		196.7111		0.0798253103				16.815		249.0114		0.0144592598								-100

		7.605		196.701		0.0746867785				15.385		248.9994		0.0096395066								-100

		6.85		196.6962		0.072244704				13.84		248.9934		0.0072296299								-100

		6.085		196.6909		0.0695482467				12.315		248.9874		0.0048197533								-100

		5.335		196.6867		0.0674114316				10.88		248.9874		0.0048197533								-100

		4.66		196.6837		0.065885135				9.34		248.9874		0.0048197533								-100

		3.91		196.6814		0.0647149743				7.91		248.9754		0								-100

		3.14		196.6796		0.0637991964				6.38		248.9754		0								-100

		2.385		196.6778		0.0628834184				4.94		248.9754		0								-100

		1.72		196.676		0.0619676405				3.42		248.9754		0								-100

		0.95		196.67		0.0589150474				1.985		248.9754		0								-100

		0.2		196.6617		0.0546922935				0.45		248.9754		0								-100

		0.12		196.6593		0.0534712563				0.375		248.9754		0								-100






_1013525362.xls
Hf

		23.4		18.2		23.4		18.2		20.6		20.6		23.4		23.4

		24.7		20.6		24.7		20.6		22.8		22.8		24.7		24.7

		26		22.8		26		22.8		24.8		24.8		26		26

		27.3		24.8		27.3		24.8		26.6		26.6		27.3		27.3

		28.6		26.6		28.6		26.6		28.4		28.4		28.6		28.6

		29.9		28.4		29.9		28.4		30.2		30.2		29.9		29.9

		31.2		30.2		31.2		30.2		32		32		31.2		31.2

		33.8		32		33.8		32		33.8		33.8		33.8		33.8

		36.4		33.8		36.4		33.8		35.7		35.7		36.4		36.4

		40.3		35.7		40.3		35.7		40		40		40.3		40.3

		45.5		40		45.5		40		50		50		45.5		45.5

		50.7		50		50.7		50						50.7		50.7



112_3 Hf

308_9 Hf

112_3 sens, annealed

308_9 sens

308_9 100u hf

308_9 100u sens

112_3 sens

112_3 Hf annealed

Copper Thickness

Coupling Field (Oe)

Ferromagnetic Coupling

28.1

87

24.845

110

70.1960937587

66.16

25.1

16.4165391537

25.1

68

23.24

73.4

49.6505629899

31.985

21.6

19.4915127231

17.3

54

15.84

41.2

38.9084334865

29.6

17.6

17.1352504073

20.4

51

20.23

33.9

26.6716469928

16.79

17.7

19.4120887281

14.5

37.7

13.565

21.1

23.2785412796

14.84

14.2

14.1580439023

14.1

27.3

15.99

15.4

29.8457430223

22.885

13.9

13.9773625898

16.5

37.3

15.68

28.9

22.3477374086

17.36

16.2

15.6473314927

17.6

26.5

14.89

19.7

23.1409095496

17.22

15.2

15.6260691052

11.1

24.8

9.78

17.9

18.6021613084

14.4

11.3

11.1095066489

8.14

23.6

7.325

16.8

14.0251657955

8.36

8.94

8.0874727641

8.4

17.7

5.8185

12.6

13.0679816708

7.45

7.27

8.328296777

5.64

13

3.8495

11.7

5.46

5.6380206473



GMRsens
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112_3 200-400 Hz
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112_3 annealed GMR

Permalloy Thickness

GMR Ratio (%)
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112_3 annealed 200-400
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112_113

		50x1000 patterns		ANNEALED

		sample		Cu thickness		Rap		GMR %		Hf		avg 1/R (dR/dH)		median sens. field		max 1/R (dR/dH)		field of highest sensitivity				power file #		power / octave (200 - 400 Hz)		normalized by sensitivity

		112a4		23.4		359.8		4.50		16.42		0.20		24.85		0.29		23.34				8		2.04E-12		1.02E-11

		112b2		24.7		327.8		4.40		19.49		0.26		23.24		0.36		22.67				3		2.91E-12		1.14E-11

		112c3		26		298.5		4.62		17.14		0.46		15.84		0.51		14.98				5		5.29E-12		1.14E-11

		112d3		27.3		298.3		4.30		19.41		0.28		20.23		0.42		19.65				3		3.56E-12		1.25E-11

		113a3		28.6		293.9		4.18		14.16		0.65		13.57		0.65		13.57				5		8.34E-12		1.28E-11

		113b4		29.9		287.9		4.13		13.98		0.47		15.99		0.63		15.53				23		6.66E-12		1.41E-11

		113c3		31.2		276.0		4.19		15.65		0.47		15.68		0.58		16.27				7		5.11E-12		1.08E-11

		113d4		33.8		261.5		3.88		15.63		0.38		14.89		0.51		16.31				13		4.05E-12		1.05E-11

		113e3		36.4		236.8		3.86		11.11		0.73		9.78		1.10		10.45				6		9.80E-12		1.35E-11

		113f2		40.3		221.7		3.58		8.09		1.27		7.33		1.71		7.03				3		1.49E-11		1.18E-11

		113g2		45.5		200.8		3.43		8.33		1.19		5.82		1.84		5.59				3		1.22E-11		1.03E-11

		113h2		50.7		182.4		3.13		5.64		1.50		3.85		3.52		2.84				5		2.19E-11		1.46E-11

		50x1000 patterns		UNANNEALED

		sample		Cu thickness		Rap		GMR %		Hf		avg 1/R (dR/dH)		median sens. field		1/R (dR/dH)		field of highest sensitivity				power file #		power / octave (20 - 40 Hz)		normalized by sensitivity		power / octave (200 - 400 Hz)		normalized by sensitivity

		112a3		23.4				4.33		28.1		0.16		27.09		0.26		25.1				6		1.52E-12		5.85E-12		4.07E-12		2.56E-11

		112b1		24.7				4.46		25.1		0.35		24.55		0.48		21.6				1		2.70E-12		5.62E-12		1.20E-11		3.43E-11

		112c2		26				4.55		17.3		0.69		18.56		1.48		17.6				3		1.74E-12		1.18E-12		3.19E-12		4.65E-12

		112d2		27.3				4.32		20.4		1.41		17.67		1.44		17.7				1		3.40E-11		2.36E-11		5.42E-12		3.84E-12

		113a2		28.6				4.18		14.5		1.55		14.74		2.06		14.2				3		4.24E-12		2.06E-12		1.74E-11		1.13E-11

		113b1		29.9				4.14		14.1		1.04		14.96		1.45		13.9				3		1.54E-12		1.06E-12		6.34E-12		6.11E-12

		113c2		31.2				4.33		16.5		0.51		17.57		1.43		16.2				5		2.12E-12		1.48E-12		2.17E-11		4.22E-11

		113d1		33.8				3.96		17.6		0.61		17.48		1.28		15.2				1		1.11E-12		8.66E-13		1.64E-12		2.66E-12

		113e1		36.4				3.89		11.1		1.96		10.48		1.91		11.3				1		9.48E-11		4.96E-11		1.07E-11		5.46E-12

		113f1		40.3				3.61		8.14		1.68		7.07		2.44		8.94				1		2.00E-13		8.22E-14		1.20E-12		7.15E-13

		113g1		45.5				3.37		8.4		2.10		7.27		2.13		7.27				1		1.74E-13		8.18E-14		7.53E-13		3.58E-13

		113h1		50.7				3.25		5.64		1.56		6.97		3.56		5.46				1		9.87E-12		2.77E-12		1.30E-12		8.33E-13

		NOT ANNEALED

		sample		Py thickness, (Cu = 27.2)		Rap		GMR %		Hf		avg 1/R (dR/dH)		median sens. field		1/R (dR/dH)		field of highest sensitivity				power file #		power / octave (20 - 40 Hz)		normalized by sensitivity		power / octave (200 - 400 Hz)		normalized by sensitivity

		123e1		35		262		2.62		7.32						1.44		7.68				1		4.18E-13		2.91E-13		7.01E-13		4.88E-13

		123f1		50		215		3.59		6.62						3.09		5.43				1		3.89E-12		1.26E-12		1.17E-12		3.80E-13		not 1/f noise

		123g1		65		206		3.72		6.35						3.31		4.48				1		1.11E-13		3.34E-14		1.67E-12		5.04E-13		in these samples

		123h1		80		210		3.42		6.91						2.71		7.61				1		1.73E-11		6.37E-12		8.49E-13		3.13E-13		(123e1-h1, 125b1)

		125b1		95		216		3.36		7.78						2.48		4.28				1		5.74E-12		2.31E-12		5.74E-13		2.31E-13

		after annealing

		123e2		35		259		2.79		8.16						0.753		8.69				3						4.65E-12		6.18E-12

		123f2		50		216		3.65		8.48						1.42		8.76				3						8.52E-12		6.00E-12

		123g5		65		190		3.78		6.11						2.03		7				6						2.11E-11		1.04E-11

		123h2		80		226		3.45		6.36						1.17		7.01				3						9.67E-12		8.26E-12

		125b2		95		211		3.28		7.89		1.31		6.38		1.32		6.38				2						3.75E-12		2.84E-12





308_309 50u

		50x1000 patterns

		sample		Cu thickness		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity				power file #		power / octave (20 - 40 Hz)		normalized by sensitivity

		308e1		18.2				0.26		87		0.012		110

		308f1		20.6				0.51		68		0.013		73.4

		308g1		22.8				3.14		54		0.11		41.2

		308h1		24.8				2.04		51		0.1		33.9

		308i1		26.6				2.43		37.7		0.16		21.1

		308j1		28.4				2.71		27.3		0.36		15.4				2		7.93E-13		2.20E-12

		308k1		30.2				2.5		37.3		0.16		28.9				1		3.93E-13		2.46E-12

		309a1		32				2.59		26.5		0.3		19.7				1		8.57E-13		2.86E-12

		309b1		33.8				2.43		24.8		0.32		17.9				1		6.57E-12		2.05E-11

		309c1		35.7				2.37		23.6		0.54		16.8				1		5.24E-13		9.70E-13

		309d1		40				2.2		17.7		0.61		12.6				1		4.15E-13		6.80E-13

		309e1		50				1.93		13		0.59		11.7

		sample		Sputtering Pressure (tCu = 29.3)		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity

		30299a1		1		278		3.68		15.45		1.683		11.41

		30299b1		2		291		3.87		19.57		0.751		14.52

		30299c1		3		362		3.18		46.84		0.133		35.61





308_309 100u

		100x1000 patterns

		sample		Cu thickness		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity

		308f2		20.6		263		0.67		70.2		0.035		66.2

		308g2		22.8		230		3.58		49.7		0.113		32.0

		308h2		24.8		246		2.25		38.9		0.154		29.6

		308i2		26.6		265		2.62		26.7		0.258		16.8

		308j2		28.4		241		2.746		23.3		0.514		14.8

		308k2		30.2		224		2.59		29.8		0.192		22.9

		309a2		32		201		2.62		22.3		0.972		17.4

		309b2		33.8		192		2.41		23.1		0.446		17.2

		309c2		35.7		225		2.34		18.6		0.884		14.4

		309d2		40		183		2.13		14.0		0.729		8.4

		309e2		50		118		1.91		13.1		1.053		7.5

		sample		Py thickness, (Cu = 27.2)		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity

		309f1		30		281		1.64		34.3		0.108		26.7

		309g1		40		211		2.18		30.4		0.136		19.1

		309h1		50		251		2.74		26.9		0.198		21.8

		309i1		60		180		3.17		23.1		0.431		14.3

		309j1		70		179		2.82		31.1		0.216		20.0

		309k1		80		177		2.91		34.4		0.263		24.4

		309l1		90		169		3.09		32.1		0.314		23.0
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		28.665

		29.24
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		30.455

		31.01
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		32.15
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		36.34

		36.905
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		36.765
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		34.995

		34.43
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		33.3
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		31.52

		30.97

		30.305

		29.74

		29.18

		28.62

		28.055

		27.4

		26.84
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		25.72

		25.06

		24.5

		23.93

		23.355

		22.81

		22.14

		21.58

		21.01

		20.45
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		16.88

		16.31

		15.75

		15.17
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		13.95
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		12.825
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GMR = 3.5%

Resistance (ohms)

Field (Oe)

Resistance

190.6824

190.5662

190.6753

190.6718

190.6682

190.6623

190.6594

190.6558

190.6511

190.644

190.6381

190.6328

190.628

190.6192

190.6133

190.6038

190.5961

190.5902

190.5801

190.5713

190.5624

190.5517

190.5393

190.5275

190.5151

190.5038

190.4902

190.4755

190.4595

190.4429

190.4281

190.4151

190.395

190.3968

190.3749

190.3749

190.3465

190.3371

190.3335

190.3389

190.3536

190.3903

190.4477

190.5399

190.6753

190.8699

191.1946

191.6109

192.2164

193.0133

193.9272

194.5556

195.0485

195.3982

195.6633

195.8923

196.0349

196.1615

196.2604

196.3586

196.4284

196.4811

196.5231

196.5568

196.5905

196.6107

196.6325

196.6503

196.6686

196.6817

196.6917

196.7012

196.7112

196.7195

196.7266

196.7337

196.7402

196.7444

196.7491

196.7527

196.7562

196.758

196.7609

196.7627

196.7657

196.7681

196.7686

196.7716

196.7728

196.7734

196.7746

196.774

196.774

196.774

196.7751

196.7751

196.7751

196.7751

196.7751

196.7757

196.774

196.7734

196.8322

196.7734

196.774

196.8905

196.831

196.8887

196.8316

196.8869

196.8875

196.884

196.8816

196.8816

196.8221

196.7621

196.8757

196.8745

196.8127

196.8698

196.8656

196.8638

196.8579

196.8549

196.8496

196.8466

196.8396

196.8342

196.8289

196.8224

196.8135

196.8046

196.7946

196.7839

196.7744

196.759

196.743

196.7276

196.7093

196.6886

196.6608

196.5747

196.601

196.5625

196.5086

196.4518

196.3842

196.3008

196.1391

195.9249

195.8

195.5059

195.187

194.6893

194.1367

193.5325

192.9148

192.3367

191.7627

191.371

191.0911

190.8116

190.6395

190.4802

190.4151

190.3678

190.3424

190.3217

190.3211

190.3223

190.3264

190.3253

190.3483

190.3655

190.3802

190.3944

190.4656

190.4839

190.4412

190.5105

190.5235

190.4796

190.5478

190.5584

190.5679

190.5786

190.6432

190.6521

190.6609

190.668

190.6763

190.6288

190.6929

190.6994

190.7047

190.6555

190.6596

190.7225

190.726

190.7319

190.7367

190.685

190.7438

190.7479



12399G4

		Field (Oe)		Resistance (ohms)				Field		Power/Octave

		-19.78		190.6824				1.27		2.19E-13

		-19.225		190.5662				1.65		2.18E-13

		-18.66		190.6753				2.03		2.15E-13

		-18.105		190.6718				2.4		2.11E-13

		-17.54		190.6682				2.78		2.09E-13

		-16.89		190.6623				3.16		2.20E-13

		-16.33		190.6594				3.54		2.16E-13

		-15.77		190.6558				3.91		2.14E-13

		-15.21		190.6511				4.28		2.51E-13

		-14.55		190.644				4.67		2.85E-13

		-13.99		190.6381				5.05		3.75E-13

		-13.43		190.6328				5.42		5.10E-13

		-12.87		190.628				5.8		6.89E-13

		-12.21		190.6192				6.17		9.42E-13

		-11.645		190.6133				6.55		1.36E-12

		-11.085		190.6038				6.92		1.99E-12

		-10.52		190.5961				7.31		2.66E-12

		-9.96		190.5902				7.69		4.58E-12

		-9.3		190.5801				8.07		6.12E-12

		-8.74		190.5713				8.44		7.20E-12

		-8.175		190.5624				8.83		8.66E-12

		-7.6		190.5517				9.2		8.98E-12

		-6.955		190.5393				9.59		9.51E-12

		-6.395		190.5275				9.97		9.04E-12

		-5.85		190.5151				10.35		8.40E-12

		-5.26		190.5038				10.72		7.68E-12

		-4.71		190.4902				11.11		6.52E-12

		-4.06		190.4755				11.48		5.53E-12

		-3.49		190.4595				11.85		4.36E-12

		-2.925		190.4429				12.24		3.61E-12

		-2.37		190.4281				12.61		2.97E-12

		-1.8		190.4151				12.99		2.46E-12

		-1.13		190.395				13.37		2.09E-12

		-1.13		190.3968				13.75		1.73E-12

		-0.3		190.3749				14.13		1.36E-12

		-0.3		190.3749				14.52		1.19E-12

		0.84		190.3465				14.89		1.05E-12

		1.505		190.3371				15.27		9.02E-13

		2.08		190.3335				15.65		7.58E-13

		2.63		190.3389				16.03		7.13E-13

		3.21		190.3536				16.41		6.55E-13

		3.87		190.3903				16.78		5.94E-13

		4.43		190.4477				17.17		5.11E-13

		5.01		190.5399				17.55		5.02E-13

		5.57		190.6753				17.92		4.51E-13

		6.14		190.8699				18.31		4.42E-13

		6.8		191.1946				18.69		4.01E-13

		7.37		191.6109				19.06		3.90E-13

		7.94		192.2164				19.44		3.78E-13

		8.51		193.0133				19.83		3.50E-13

		9.17		193.9272				20.2		3.46E-13

		9.75		194.5556

		10.32		195.0485

		10.885		195.3982

		11.46		195.6633

		12.12		195.8923

		12.695		196.0349

		13.26		196.1615

		13.83		196.2604

		14.5		196.3586

		15.06		196.4284

		15.64		196.4811

		16.21		196.5231

		16.77		196.5568

		17.44		196.5905

		18.015		196.6107

		18.59		196.6325

		19.155		196.6503

		19.82		196.6686

		20.4		196.6817

		20.96		196.6917

		21.535		196.7012

		22.1		196.7112

		22.77		196.7195

		23.34		196.7266

		23.915		196.7337

		24.485		196.7402

		25.15		196.7444

		25.71		196.7491

		26.285		196.7527

		26.865		196.7562

		27.44		196.758

		28.1		196.7609

		28.665		196.7627

		29.24		196.7657

		29.8		196.7681

		30.455		196.7686

		31.01		196.7716

		31.585		196.7728

		32.15		196.7734

		32.73		196.7746

		33.39		196.774

		33.96		196.774

		34.54		196.774

		35.1		196.7751

		35.77		196.7751

		36.34		196.7751

		36.905		196.7751

		37.48		196.7751

		38.045		196.7757

		38.71		196.774

		39.28		196.7734

		39.095		196.8322

		38.53		196.7734

		37.885		196.774

		37.325		196.8905

		36.765		196.831

		36.195		196.8887

		35.55		196.8316

		34.995		196.8869

		34.43		196.8875

		33.87		196.884

		33.3		196.8816

		32.655		196.8816

		32.08		196.8221

		31.52		196.7621

		30.97		196.8757

		30.305		196.8745

		29.74		196.8127

		29.18		196.8698

		28.62		196.8656

		28.055		196.8638

		27.4		196.8579

		26.84		196.8549

		26.275		196.8496

		25.72		196.8466

		25.06		196.8396

		24.5		196.8342

		23.93		196.8289

		23.355		196.8224

		22.81		196.8135

		22.14		196.8046

		21.58		196.7946

		21.01		196.7839

		20.45		196.7744

		19.79		196.759

		19.225		196.743

		18.67		196.7276

		18.095		196.7093

		17.535		196.6886

		16.88		196.6608

		16.31		196.5747

		15.75		196.601

		15.17		196.5625

		14.525		196.5086

		13.95		196.4518

		13.39		196.3842

		12.825		196.3008

		12.26		196.1391

		11.61		195.9249

		11.035		195.8

		10.48		195.5059

		9.9		195.187

		9.25		194.6893

		8.67		194.1367

		8.115		193.5325

		7.54		192.9148

		6.98		192.3367

		6.32		191.7627

		5.76		191.371

		5.19		191.0911

		4.625		190.8116

		3.97		190.6395

		3.4		190.4802

		2.84		190.4151

		2.27		190.3678

		1.71		190.3424

		1.04		190.3217

		1.04		190.3211

		1.04		190.3223

		0.01		190.3264

		0.01		190.3253

		-1.12		190.3483

		-1.78		190.3655

		-2.35		190.3802

		-2.905		190.3944

		-3.48		190.4656

		-4.135		190.4839

		-4.69		190.4412

		-5.265		190.5105

		-5.82		190.5235

		-6.385		190.4796

		-7.04		190.5478

		-7.61		190.5584

		-8.18		190.5679

		-8.745		190.5786

		-9.41		190.6432

		-9.98		190.6521

		-10.545		190.6609

		-11.11		190.668

		-11.68		190.6763

		-12.33		190.6288

		-12.9		190.6929

		-13.46		190.6994

		-14.03		190.7047

		-14.7		190.6555

		-15.255		190.6596

		-15.83		190.7225

		-16.395		190.726

		-16.95		190.7319

		-17.615		190.7367

		-18.19		190.685

		-18.755		190.7438

		-19.32		190.7479






_1013525358.xls
Hf

		23.4		18.2		23.4		18.2		20.6		20.6
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		27.3		24.8		27.3		24.8		26.6		26.6

		28.6		26.6		28.6		26.6		28.4		28.4
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112,113 Hf

308,309 Hf

112,113 sens

308,309 sens

308,309 100u hf

308,309 100u sens

Copper Thickness

Coupling Field (Oe)

Ferromagnetic Coupling
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17.36
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11.3
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GMRsens

		20.6
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		24.8

		26.6

		28.4

		30.2

		32
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		35.7
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308,309 GMR 100u

Copper Thickness

GMR Ratio (%)

0.67

3.58

2.25

2.62

2.746
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2.62

2.41

2.34

2.13

1.91



Noise

		23.4		18.2		23.4
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112,113 20-40 Hz

308,309 20 - 40Hz

112,113 200 - 400 Hz

Cu thickness

Normalized Power

Power / Octave

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



112_113

		50x1000 patterns

		sample		Cu thickness		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity				power file #		power / octave (20 - 40 Hz)		normalized by sensitivity		power / octave (200 - 400 Hz)		normalized by sensitivity

		112a3		23.4				4.33		28.1		0.26		25.1				6		1.52E-12		5.85E-12		4.07E-12		1.57E-11

		112b1		24.7				4.46		25.1		0.48		21.6				1		2.70E-12		5.62E-12		1.20E-11		2.50E-11

		112c2		26				4.55		17.3		1.48		17.6				3		1.74E-12		1.18E-12		3.19E-12		2.16E-12

		112d2		27.3				4.32		20.4		1.44		17.7				1		3.40E-11		2.36E-11		5.42E-12		3.77E-12

		113a2		28.6				4.18		14.5		2.06		14.2				3		4.24E-12		2.06E-12		1.74E-11		8.47E-12

		113b1		29.9				4.14		14.1		1.45		13.9				3		1.54E-12		1.06E-12		6.34E-12		4.37E-12

		113c2		31.2				4.33		16.5		1.43		16.2				5		2.12E-12		1.48E-12		2.17E-11		1.52E-11

		113d1		33.8				3.96		17.6		1.28		15.2				1		1.11E-12		8.66E-13		1.64E-12		1.28E-12

		113e1		36.4				3.89		11.1		1.91		11.3				1		9.48E-11		4.96E-11		1.07E-11		5.61E-12

		113f1		40.3				3.61		8.14		2.44		8.94				1		2.00E-13		8.22E-14		1.20E-12		4.94E-13

		113g1		45.5				3.37		8.4		2.13		7.27				1		1.74E-13		8.18E-14		7.53E-13		3.54E-13

		113h1		50.7				3.25		5.64		3.56		5.46				1		9.87E-12		2.77E-12		1.30E-12		3.65E-13

		sample		Py thickness, (Cu = 27.2)		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity

		123e1		35		262		2.62		7.32		1.44		7.68

		123f1		50		215		3.59		6.62		3.09		5.43

		123g1		65		206		3.72		6.35		3.31		4.48

		123h1		80		210		3.42		6.91		2.71		7.61





308_309 50u

		50x1000 patterns

		sample		Cu thickness		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity				power file #		power / octave (20 - 40 Hz)		normalized by sensitivity

		308e1		18.2		0.26		87		0.012		110

		308f1		20.6		0.51		68		0.013		73.4

		308g1		22.8		3.14		54		0.11		41.2

		308h1		24.8		2.04		51		0.1		33.9

		308i1		26.6		2.43		37.7		0.16		21.1

		308j1		28.4		2.71		27.3		0.36		15.4				2		7.93E-13		2.20E-12

		308k1		30.2		2.5		37.3		0.16		28.9				1		3.93E-13		2.46E-12

		309a1		32		2.59		26.5		0.3		19.7				1		8.57E-13		2.86E-12

		309b1		33.8		2.43		24.8		0.32		17.9				1		6.57E-12		2.05E-11

		309c1		35.7		2.37		23.6		0.54		16.8				1		5.24E-13		9.70E-13

		309d1		40		2.2		17.7		0.61		12.6				1		4.15E-13		6.80E-13

		309e1		50		1.93		13		0.59		11.7





308_309 100u

		100x1000 patterns

		sample		Cu thickness		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity

		308f2		20.6		263		0.67		70.2		0.035		66.2

		308g2		22.8		230		3.58		49.7		0.113		32.0

		308h2		24.8		246		2.25		38.9		0.154		29.6

		308i2		26.6		265		2.62		26.7		0.258		16.8

		308j2		28.4		241		2.746		23.3		0.514		14.8

		308k2		30.2		224		2.59		29.8		0.192		22.9

		309a2		32		201		2.62		22.3		0.972		17.4

		309b2		33.8		192		2.41		23.1		0.446		17.2

		309c2		35.7		225		2.34		18.6		0.884		14.4

		309d2		40		183		2.13		14.0		0.729		8.4

		309e2		50		118		1.91		13.1		1.053		7.5

		sample		Py thickness, (Cu = 27.2)		Rap		GMR %		Hf		1/R (dR/dH)		field of highest sensitivity

		309f1		30		281		1.64		34.3		0.108		26.7

		309g1		40		211		2.18		30.4		0.136		19.1

		309h1		50		251		2.74		26.9		0.198		21.8

		309i1		60		180		3.17		23.1		0.431		14.3

		309j1		70		179		2.68		28.7		0.247		23.2

		309k1		80		181		2.61		30.8		0.198		26.1

		309l1		90		169		3.09		32.1		0.314		23.0






_1013525345

_1013525337

_1013525340.xls
Chart1

		39.235

		38.67

		38.015

		37.46

		36.9

		36.335

		35.69

		35.135

		34.56

		34.005

		33.44

		32.79

		32.215

		31.655

		31.1

		30.44

		29.875

		29.315

		28.76

		28.19

		27.54

		26.97

		26.41

		25.85

		25.19

		24.63

		24.065

		23.49

		22.94

		22.27

		21.71

		21.14

		20.59

		19.925

		19.36

		18.8

		18.23

		17.675

		17.01

		16.45

		15.89

		15.31

		14.66

		14.09

		13.525

		12.96

		12.4

		11.75

		11.17

		10.615

		10.04

		9.38

		8.82

		8.25

		7.685

		7.12

		6.46

		5.9

		5.34

		4.77

		4.12

		3.545

		2.98

		2.42

		1.85

		1.19

		1.19

		1.185

		0.16

		0.16

		-0.975

		-1.64

		-2.21

		-2.77

		-3.35

		-4

		-4.56

		-5.14

		-5.7

		-6.265

		-6.92

		-7.495

		-8.06

		-8.63

		-9.295

		-9.87

		-10.44

		-11.005

		-11.575

		-12.23

		-12.8

		-13.365

		-13.93

		-14.61

		-15.17

		-15.745

		-16.31

		-16.865

		-17.54

		-18.105

		-18.68

		-19.24

		-19.43

		-18.87

		-18.315

		-17.75

		-17.185

		-16.535

		-15.975

		-15.41

		-14.85

		-14.19

		-13.63

		-13.075

		-12.51

		-11.85

		-11.29

		-10.73

		-10.17

		-9.6

		-8.94

		-8.38

		-7.81

		-7.245

		-6.595

		-6.03

		-5.475

		-4.9

		-4.34

		-3.7

		-3.125

		-2.56

		-1.995

		-1.435

		-0.76

		-0.765

		0.065

		0.06

		1.19

		1.85

		2.42

		2.97

		3.545

		4.195

		4.75

		5.32

		5.88

		6.45

		7.1

		7.67

		8.23

		8.8

		9.46

		10.03

		10.59

		11.155

		11.73

		12.38

		12.94

		13.51

		14.07

		14.74

		15.3

		15.87

		16.435

		16.99

		17.66

		18.22

		18.79

		19.35

		20.01

		20.58

		21.14

		21.71

		22.28

		22.94

		23.495

		24.07

		24.64

		25.3

		25.86

		26.43

		27

		27.56

		28.23

		28.79

		29.35

		29.91

		30.58

		31.15

		31.72

		32.28

		32.86

		33.52

		34.08

		34.65

		35.22

		35.88

		36.45

		37.015

		37.59

		38.15

		38.81

		39.38



GMR = 3.8%

(b)

Resistance (ohms)

Field (Oe)

Resistance (Ohms)

214.0923

214.0965

214.097

214.097

214.0988

214.1

214.1012

214.1006

214.1018

214.1035

214.1035

214.1041

214.1035

214.1041

214.103

214.1024

214.1035

214.1041

214.103

214.1

214.1012

214.1

214.1

214.0988

214.0982

214.0982

214.0976

214.0965

214.0982

214.0982

214.0953

214.0929

214.0929

214.0899

214.0894

214.0894

214.0882

214.0858

214.0852

214.209

214.0793

214.1391

214.135

214.0657

214.1889

214.1214

214.1794

214.1705

214.1622

214.1528

214.1368

214.1066

214.0705

214.0219

213.823

213.1124

211.7556

210.0065

206.6103

206.5316

206.482

206.4565

206.4489

206.4465

206.4417

206.4453

206.4441

206.4447

206.453

206.453

206.4613

206.4648

206.469

206.4725

206.4755

206.4802

206.4837

206.4855

206.4879

206.4926

206.4973

206.5021

206.5062

206.5068

206.5098

206.5115

206.5127

206.5151

206.5168

206.5216

206.5234

206.5245

206.524

206.5263

206.5269

206.5281

206.5299

206.5316

206.5334

206.5364

206.5381

206.5376

206.5393

206.5387

206.5364

206.5963

206.5346

206.5328

206.5311

206.5281

206.5293

206.5269

206.5245

206.5222

206.5198

206.5163

206.5738

206.5127

206.5115

206.508

206.5033

206.5009

206.4991

206.4962

206.492

206.4891

206.5454

206.4832

206.4784

206.4743

206.4701

206.4672

206.463

206.5206

206.4548

206.4542

206.5087

206.5692

206.4388

206.4945

206.4276

206.4851

206.542

206.5402

206.4211

206.5479

206.5556

206.5111

206.6101

206.8515

210.3006

212.3848

213.4073

213.6969

213.8615

213.942

213.9917

214.042

214.0764

214.1042

214.119

214.1356

214.1456

214.1557

214.1664

214.1711

214.1758

214.183

214.1895

214.1942

214.1972

214.2001

214.2025

214.2048

214.206

214.209

214.2108

214.2132

214.2155

214.2179

214.2191

214.2191

214.2179

214.2185

214.2191

214.222

214.2238

214.2238

214.2214

214.2226

214.2226

214.2232

214.2238

214.2244

214.2256

214.2244

214.2226

214.222

214.2214

214.222

214.222

214.222

214.222

214.2214



12399G2

		Field (Oe)		Resistance (ohms)				Field		Power / Octave

		39.235		214.0923				6.45		3.70E-13

		38.67		214.0965				6.54		3.85E-13

		38.015		214.097				6.64		4.00E-13

		37.46		214.097				6.73		4.41E-13

		36.9		214.0988				6.83		4.21E-13

		36.335		214.1				6.92		4.59E-13

		35.69		214.1012				7.02		4.86E-13

		35.135		214.1006				7.11		5.24E-13

		34.56		214.1018				7.21		5.36E-13

		34.005		214.1035				7.31		5.89E-13

		33.44		214.1035				7.4		6.21E-13

		32.79		214.1041				7.49		6.82E-13

		32.215		214.1035				7.59		7.85E-13

		31.655		214.1041				7.69		8.68E-13

		31.1		214.103				7.78		1.03E-12

		30.44		214.1024				7.88		1.14E-12

		29.875		214.1035				7.97		1.29E-12

		29.315		214.1041				8.07		1.58E-12

		28.76		214.103				8.16		1.83E-12

		28.19		214.1				8.26		2.39E-12

		27.54		214.1012				8.35		3.26E-12

		26.97		214.1				8.44		4.27E-12

		26.41		214.1				8.53		6.26E-12

		25.85		214.0988				8.64		8.51E-12

		25.19		214.0982				8.73		6.35E-12

		24.63		214.0982				8.83		7.39E-12

		24.065		214.0976				8.92		5.90E-12

		23.49		214.0965				9.01		5.68E-12

		22.94		214.0982				9.11		4.95E-12

		22.27		214.0982				9.21		5.55E-12

		21.71		214.0953				9.3		5.94E-12

		21.14		214.0929				9.39		5.03E-12

		20.59		214.0929				9.49		5.09E-12

		19.925		214.0899				9.59		4.21E-12

		19.36		214.0894				9.68		3.94E-12

		18.8		214.0894				9.78		4.38E-12

		18.23		214.0882				9.87		3.21E-12

		17.675		214.0858				9.97		3.69E-12

		17.01		214.0852				10.06		3.17E-12

		16.45		214.209				10.16		2.57E-12

		15.89		214.0793				10.25		2.22E-12

		15.31		214.1391				10.34		2.03E-12

		14.66		214.135				10.44		1.82E-12

		14.09		214.0657				10.54		1.75E-12

		13.525		214.1889				10.63		1.52E-12

		12.96		214.1214				10.73		1.44E-12

		12.4		214.1794				10.82		1.38E-12

		11.75		214.1705				10.91		1.31E-12

		11.17		214.1622				11.02		1.23E-12

		10.615		214.1528				11.11		1.17E-12

		10.04		214.1368				11.21		1.23E-12

		9.38		214.1066				11.31		1.04E-12

		8.82		214.0705				11.4		9.98E-13

		8.25		214.0219				11.49		9.40E-13

		7.685		213.823				11.58		9.51E-13

		7.12		213.1124				11.68		9.55E-13

		6.46		211.7556				11.77		8.95E-13

		5.9		210.0065				11.87		8.25E-13

		5.34		206.6103				11.97		8.24E-13
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-0.0026283335

-0.0026333335

-0.0026383335



compare

		35		35

		50		50

		65		65

		80		80

		95		95



Hk

Grain Size

Py thickness

Hk

Grain Size

3.075

4.8994238887

3.5

5.2079617078

4.22

6.2121716834

4.385

7.695228968

5.795

8.7792500082



Chart1

		-10.211834

		-10.0665

		-9.761666

		-9.441

		-9.144501

		-8.809501

		-8.484

		-8.1855

		-7.8495

		-7.521834

		-7.192167

		-6.8585

		-6.562667

		-6.2295

		-5.893

		-5.5975

		-5.262

		-4.9215

		-4.623

		-4.264

		-3.957

		-3.625

		-3.2965

		-2.992333

		-2.658667

		-2.3305

		-2.0235

		-1.6930001

		-1.3635

		-1.026

		-0.6935

		-0.394

		-0.0578333

		0.274667

		0.5735

		0.909167

		1.242

		1.539333

		1.878

		2.215333

		2.544

		2.871333

		3.175667

		3.51

		3.843667

		4.1465

		4.4775

		4.8125

		5.115667

		5.477167

		5.786

		6.12

		6.421334

		6.757

		7.09

		7.3945

		7.729

		8.063999

		8.395666

		8.702

		9.035999

		9.37133

		9.70317

		10.009

		10.342

		10.68

		11.015

		11.31867

		11.656

		11.98717

		11.664

		11.33433

		11.03783

		10.71017

		10.3785

		10.052

		9.7495

		9.42183

		9.091999

		8.763666

		8.463166

		8.1345

		7.804333

		7.476

		7.175999

		6.847167

		6.516

		6.218167

		5.889666

		5.586

		5.226333

		4.927001

		4.5955

		4.2685

		3.9675

		3.637667

		3.3085

		3.0055

		2.678833

		2.354167

		2.022

		1.687

		1.390133

		1.0585

		0.724167

		0.425333

		0.0955

		-0.2390001

		-0.5375

		-0.8685

		-1.204

		-1.533

		-1.864

		-2.1705

		-2.497

		-2.832333

		-3.135667

		-3.463833

		-3.795667

		-4.103166

		-4.464666

		-4.763

		-5.105666

		-5.440833

		-5.739

		-6.0755

		-6.4095

		-6.7085

		-7.047

		-7.383

		-7.7155

		-8.058667

		-8.3655

		-8.700333

		-9.049667

		-9.3635

		-9.708834

		-10.065

		-10.383333

		-10.729501



Field

Magnetization (emu)

-0.0027433335

-0.0027183325

-0.0026699995

-0.0027766665

-0.0026749995

-0.0027666665

-0.0027116665

-0.0027149995

-0.0027066665

-0.0027583335

-0.0027233335

-0.0026999995

-0.0027266665

-0.0027300005

-0.0027883335

-0.0027266665

-0.0026916665

-0.0026649995

-0.0027066665

-0.0025966665

-0.0025733335

-0.0023800005

-0.0022133335

-0.0020883335

-0.0019733335

-0.0017683335

-0.0015549995

-0.0013833335

-0.0011866665

-0.0010016665

-0.0008366665

-0.0006333335

-0.0004183335

-0.0002483331

-0.0000533332

0.0002650002

0.0005333335

0.0010400002

0.0012200002

0.0014866668

0.0016800002

0.0019083335

0.0020983335

0.0022550005

0.0024450005

0.0024983335

0.0025800005

0.0026166665

0.0026300005

0.0026750005

0.0026583335

0.0027116665

0.0026816665

0.0026450005

0.0027383335

0.0027216665

0.0026583335

0.0026783335

0.0027116665

0.0026650005

0.0027416665

0.0026866665

0.0027533335

0.0026866665

0.0027033335

0.0027233335

0.0027000005

0.0027666665

0.0027033335

0.0026666665

0.0026983335

0.0027400005

0.0026800005

0.0026516665

0.0027066665

0.0027716665

0.0027166665

0.0027200005

0.0026733335

0.0027383335

0.0027316665

0.0027016665

0.0027100005

0.0027350005

0.0027883335

0.0026650005

0.0026600005

0.0027383335

0.0027033335

0.0026500005

0.0026750005

0.0026433335

0.0026266665

0.0025550005

0.0025066665

0.0024033335

0.0022583335

0.0020733335

0.0019233335

0.0017883335

0.0016133335

0.0013633335

0.0012350002

0.0010216668

0.0008050002

0.0006166668

0.0004833335

0.0002500002

0.0000716668

-0.0001066665

-0.0005049995

-0.0007333335

-0.0009966665

-0.0011349995

-0.0014083335

-0.0016816665

-0.0019933335

-0.0022583335

-0.0024083335

-0.0024666665

-0.0025883335

-0.0026216665

-0.0026433335

-0.0026833335

-0.0026783335

-0.0026466665

-0.0026466665

-0.0026749995

-0.0026449995

-0.0026549995

-0.0026399995

-0.0026049995

-0.0026649995

-0.0026849995

-0.0026516665

-0.0026499995

-0.0026399995

-0.0026283335

-0.0026333335

-0.0026383335



S325A3

		325a3, 35 ang						325b3, 50 ang						325c3, 65 ang						325d3, 80 ang										325e3, 95 ang						327a2, 80 ang

		Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)				Field (Oe)				Magnetization (emu)						Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)

		-9.229		-0.001795				-9.366		-0.002285				-9.394333		-3.34E-03				-9.411834		-10.211834		-3.47E-03		-2.74E-03				-9.4385		-4.08E-03				-9.486167		-3.80E-03

		-9.32405		-1.79E-03				-9.332999		-2.31E-03				-9.290667		-3.34E-03				-9.2665		-10.0665		-3.44E-03		-2.72E-03				-9.273002		-4.10E-03				-9.305		-3.83E-03				thickness		Hk		Bo		Bi		Br		theta		Grain Size

		-9.170499		-0.00173				-9.1315		-2.33E-03				-9.004333		-3.32E-03				-8.961666		-9.761666		-3.39E-03		-2.67E-03				-8.960834		-4.14E-03				-8.992		-3.86E-03				35		3.075		1.9402		0.09		0.0338263977		21.686		4.8994238887

		-8.9515		-0.001785				-8.8865		-2.36E-03				-8.718167		-3.38E-03				-8.641		-9.441		-0.0035		-2.78E-03				-8.636833		-4.15E-03				-8.697		-0.003855				50		3.5		1.8279		0.09		0.0318641525		21.874		5.2079617078

		-8.665501		-1.72E-03				-8.594334		-0.002305				-8.418666		-3.39E-03				-8.344501		-9.144501		-3.40E-03		-2.67E-03				-8.338		-4.11E-03				-8.3965		-3.85E-03				65		4.22		1.5337		0.09		0.026721964		21.9205		6.2121716834

		-8.402833		-1.75E-03				-8.326833		-2.30E-03				-8.119833		-3.36E-03				-8.009501		-8.809501		-0.00349		-2.77E-03				-8.002999		-0.004075				-8.097		-3.85E-03				80		4.385		1.2396		0.09		0.0215779847		21.96		7.695228968

		-8.130834		-1.71E-03				-8.0535		-2.32E-03				-7.820333		-3.39E-03				-7.684		-8.484		-0.003435		-2.71E-03				-7.678		-4.16E-03				-7.799833		-3.82E-03				95		5.795		1.0877		0.09		0.0189188322		21.999		8.7792500082

		-7.834		-1.79E-03				-7.7575		-2.31E-03				-7.4905		-3.33E-03				-7.3855		-8.1855		-3.44E-03		-2.71E-03				-7.379667		-4.12E-03				-7.469334		-0.00382

		-7.564499		-0.001725				-7.487		-0.00231				-7.187		-0.00336				-7.0495		-7.8495		-0.00343		-2.71E-03				-7.043334		-0.0041				-7.166		-0.00379

		-7.291166		-1.76E-03				-7.211833		-2.29E-03				-6.860667		-0.003385				-6.721834		-7.521834		-3.48E-03		-2.76E-03				-6.717666		-4.08E-03				-6.84		-3.88E-03

		-6.9915		-1.76E-03				-6.914501		-2.38E-03				-6.5585		-0.003315				-6.392167		-7.192167		-3.45E-03		-2.72E-03				-6.387667		-0.00414				-6.536334		-0.003805

		-6.718666		-1.75E-03				-6.640167		-0.0024				-6.261167		-0.00332				-6.0585		-6.8585		-3.42E-03		-2.70E-03				-6.053		-0.004125				-6.238166		-0.003855

		-6.4505		-1.81E-03				-6.372		-0.00237				-5.956167		-3.32E-03				-5.762667		-6.562667		-0.00345		-2.73E-03				-5.7555		-4.13E-03				-5.935		-3.86E-03

		-6.146166		-1.76E-03				-6.068		-2.39E-03				-5.6575		-0.00328				-5.4295		-6.2295		-3.45E-03		-2.73E-03				-5.425		-0.00405				-5.636		-3.81E-03

		-5.8735		-1.68E-03				-5.796501		-2.39E-03				-5.327333		-3.34E-03				-5.093		-5.893		-3.51E-03		-2.79E-03				-5.089		-0.00405				-5.307667		-3.85E-03

		-5.604666		-1.66E-03				-5.527667		-2.35E-03				-5.020334		-3.35E-03				-4.7975		-5.5975		-0.00345		-2.73E-03				-4.792333		-4.05E-03				-5.001333		-3.84E-03

		-5.300167		-0.00181				-5.222833		-2.35E-03				-4.721667		-3.34E-03				-4.462		-5.262		-0.003415		-2.69E-03				-4.458666		-0.003935				-4.702		-0.0038

		-5.0285		-1.74E-03				-4.951		-2.38E-03				-4.389166		-3.34E-03				-4.1215		-4.9215		-3.39E-03		-2.66E-03				-4.117		-3.85E-03				-4.370667		-3.78E-03

		-4.753167		-1.84E-03				-4.678		-2.35E-03				-4.078667		-3.34E-03				-3.823		-4.623		-0.00343		-2.71E-03				-3.8185		-0.003755				-4.0605		-3.78E-03

		-4.456501		-1.77E-03				-4.379167		-2.35E-03				-3.7775		-3.30E-03				-3.464		-4.264		-0.00332		-2.60E-03				-3.459		-3.60E-03				-3.761333		-0.003715

		-4.175		-0.00175				-4.099166		-2.36E-03				-3.480333		-3.27E-03				-3.157		-3.957		-3.30E-03		-2.57E-03				-3.1525		-3.47E-03				-3.4635		-0.003675

		-3.901834		-1.80E-03				-3.828		-2.38E-03				-3.172833		-0.00331				-2.825		-3.625		-3.10E-03		-2.38E-03				-2.822334		-0.003315				-3.155833		-3.57E-03

		-3.602166		-1.80E-03				-3.528333		-2.36E-03				-2.841167		-0.003185				-2.4965		-3.2965		-2.94E-03		-2.21E-03				-2.4945		-0.00316				-2.824333		-3.44E-03

		-3.3235		-1.77E-03				-3.2515		-2.34E-03				-2.542		-3.09E-03				-2.192333		-2.992333		-2.81E-03		-2.09E-03				-2.188833		-2.97E-03				-2.524		-3.26E-03

		-3.054		-1.76E-03				-2.981		-2.27E-03				-2.206333		-3.00E-03				-1.858667		-2.658667		-2.70E-03		-1.97E-03				-1.8555		-2.83E-03				-2.1895		-3.11E-03

		-2.74805		-1.72E-03				-2.678333		-2.24E-03				-1.906333		-2.83E-03				-1.5305		-2.3305		-2.49E-03		-1.77E-03				-1.5285		-2.65E-03				-1.889333		-2.91E-03

		-2.477166		-1.73E-03				-2.4045		-0.002115				-1.605333		-2.73E-03				-1.2235		-2.0235		-2.28E-03		-1.55E-03				-1.222333		-0.002465				-1.5895		-2.73E-03

		-2.206167		-1.69E-03				-2.133167		-2.06E-03				-1.299833		-2.55E-03				-0.8930001		-1.6930001		-2.11E-03		-1.38E-03				-0.8921667		-2.29E-03				-1.285		-0.00254

		-1.902		-1.63E-03				-1.832667		-0.002005				-0.9977333		-2.35E-03				-0.5635		-1.3635		-0.00191		-1.19E-03				-0.5641667		-2.08E-03				-0.9826667		-2.29E-03

		-1.629667		-1.49E-03				-1.560167		-0.00192				-0.6656666		-2.21E-03				-0.226		-1.026		-0.001725		-1.00E-03				-0.227		-0.00188				-0.6508334		-2.13E-03

		-1.354		-1.36E-03				-1.285167		-1.78E-03				-0.36		-2.06E-03				0.1065		-0.6935		-0.00156		-8.37E-04				0.107		-1.73E-03				-0.3478334		-1.90E-03

		-1.051		-1.38E-03				-0.984		-1.70E-03				-0.059		-1.89E-03				0.406		-0.394		-1.36E-03		-6.33E-04				0.4056667		-1.51E-03				-4.57E-02		-1.65E-03

		-0.7778333		-0.001305				-0.7113333		-1.61E-03				0.273		-1.71E-03				0.7421667		-0.0578333		-1.14E-03		-4.18E-04				0.7421667		-1.34E-03				0.289		-1.46E-03

		-0.502		-1.24E-03				-0.4371667		-1.45E-03				0.5768334		-1.56E-03				1.074667		0.274667		-9.72E-04		-2.48E-04				1.072		-1.06E-03				0.5913333		-1.23E-03

		-0.2015		-1.19E-03				-0.1371667		-0.001335				0.8780001		-0.001435				1.3735		0.5735		-7.77E-04		-5.33E-05				1.372667		-0.000895				0.8931667		-1.01E-03

		7.53E-02		-1.11E-03				0.1411667		-1.22E-03				1.1815		-1.21E-03				1.709167		0.909167		-4.58E-04		2.65E-04				1.708333		-6.83E-04				1.196		-8.22E-04

		0.343		-0.00105				0.4066667		-0.00111				1.4815		-0.001055				2.042		1.242		-0.00019		5.33E-04				2.042667		-4.68E-04				1.497		-5.48E-04

		0.65		-9.23E-04				0.7131667		-1.03E-03				1.816		-7.87E-04				2.339333		1.539333		3.17E-04		1.04E-03				2.340667		-2.32E-04				1.829		-0.00021

		0.9238333		-0.000865				0.986		-0.00092				2.122		-0.00044				2.678		1.878		4.97E-04		1.22E-03				2.678833		0.000245				2.137		4.57E-04

		1.192167		-7.50E-04				1.257667		-7.62E-04				2.451333		0.000115				3.015333		2.215333		7.63E-04		1.49E-03				3.0135		8.68E-04				2.4655		7.78E-04

		1.500833		-5.62E-04				1.563833		-0.00057				2.758		2.83E-04				3.344		2.544		9.57E-04		1.68E-03				3.3445		1.11E-03				2.770833		1.10E-03

		1.773		-4.73E-04				1.8365		-3.22E-04				3.0595		0.00047				3.671333		2.871333		0.001185		1.91E-03				3.671		1.42E-03				3.0725		1.29E-03

		2.048667		-0.000155				2.110166		5.17E-05				3.362666		6.63E-04				3.975667		3.175667		0.001375		2.10E-03				3.974167		1.63E-03				3.373167		0.00162

		2.3485		-8.17E-05				2.4095		2.07E-04				3.6595		8.62E-04				4.31		3.51		1.53E-03		2.26E-03				4.307167		0.00187				3.6705		1.86E-03

		2.626		-0.000005				2.686333		3.28E-04				3.9935		9.90E-04				4.643667		3.843667		1.72E-03		2.45E-03				4.639166		0.002195				4.0035		2.16E-03

		2.902667		1.32E-04				2.9615		4.77E-04				4.296667		1.16E-03				4.9465		4.1465		0.001775		2.50E-03				4.945		2.36E-03				4.305167		2.30E-03

		3.199667		0.00023				3.2585		6.93E-04				4.601		1.29E-03				5.2775		4.4775		1.86E-03		2.58E-03				5.276167		2.47E-03				4.609001		2.41E-03

		3.4715		0.000415				3.529667		7.47E-04				4.935166		1.32E-03				5.6125		4.8125		1.89E-03		2.62E-03				5.611166		2.63E-03				4.941667		2.46E-03

		3.741667		4.48E-04				3.799167		8.83E-04				5.235667		0.0014				5.915667		5.115667		1.91E-03		2.63E-03				5.914333		0.002635				5.243		2.50E-03

		4.048		5.57E-04				4.105		9.88E-04				5.542333		1.39E-03				6.277167		5.477167		1.95E-03		2.68E-03				6.275		2.72E-03				5.549		2.54E-03

		4.324333		5.27E-04				4.381167		1.04E-03				5.844		0.001415				6.586		5.786		0.001935		2.66E-03				6.5845		2.73E-03				5.849833		2.54E-03

		4.5915		5.47E-04				4.647999		1.02E-03				6.147167		1.45E-03				6.92		6.12		1.99E-03		2.71E-03				6.9185		2.78E-03				6.154667		2.47E-03

		4.897666		5.58E-04				4.954		0.001075				6.485		0.00146				7.221334		6.421334		1.96E-03		2.68E-03				7.22		0.00272				6.4935		0.0025

		5.169167		5.98E-04				5.225167		0.001155				6.786167		1.47E-03				7.557		6.757		1.92E-03		2.65E-03				7.5555		0.00273				6.7925		0.002535

		5.445833		6.17E-04				5.500333		1.14E-03				7.088833		1.47E-03				7.89		7.09		0.002015		2.74E-03				7.889166		2.72E-03				7.096		0.00254

		5.747167		0.00056				5.803		0.00112				7.3965		1.46E-03				8.1945		7.3945		2.00E-03		2.72E-03				8.1935		2.71E-03				7.4025		0.002545

		6.021333		5.48E-04				6.077		1.11E-03				7.729		1.50E-03				8.529		7.729		0.001935		2.66E-03				8.528		0.00279				7.73505		2.55E-03

		6.295833		5.78E-04				6.351		1.11E-03				8.031999		1.46E-03				8.863999		8.063999		0.001955		2.68E-03				8.8605		2.78E-03				8.0365		2.51E-03

		6.569		0.000575				6.625		1.14E-03				8.339001		1.50E-03				9.195666		8.395666		1.99E-03		2.71E-03				9.194833		0.002775				8.344001		2.51E-03

		6.8445		6.22E-04				6.900667		0.0011				8.639167		0.00146				9.502		8.702		1.94E-03		2.67E-03				9.499667		0.00279				8.644501		0.00249

		7.15		5.72E-04				7.204166		1.12E-03				8.975999		1.53E-03				9.835999		9.035999		2.02E-03		2.74E-03				9.833		2.69E-03				8.981167		2.55E-03

		7.425333		0.000605				7.478		1.16E-03				9.278666		1.50E-03				10.17133		9.37133		1.96E-03		2.69E-03				10.169		0.002705				9.2845		0.00255

		7.695833		5.88E-04				7.749166		0.001175				9.5815		1.50E-03				10.50317		9.70317		0.00203		2.75E-03				10.50167		2.68E-03				9.5855		2.54E-03

		8.001333		5.88E-04				8.054334		0.0012				9.887167		1.50E-03				10.809		10.009		1.96E-03		2.69E-03				10.8055		0.00273				9.8915		2.44E-03

		8.277167		0.0006				8.328		1.11E-03				10.22		1.51E-03				11.142		10.342		0.00198		2.70E-03				11.139		2.71E-03				10.22367		0.002575

		8.549167		0.000595				8.600166		1.17E-03				10.526		1.51E-03				11.48		10.68		0.002		2.72E-03				11.47917		2.68E-03				10.5285		2.48E-03

		8.859334		0.00052				8.908		1.15E-03				10.83083		1.52E-03				11.815		11.015		1.98E-03		2.70E-03				11.81367		2.72E-03				10.83267		0.00256

		9.128333		5.80E-04				9.178		1.14E-03				11.166		1.52E-03				12.11867		11.31867		2.04E-03		2.77E-03				12.117		0.002685				11.167		2.49E-03

		9.4045		0.000575				9.454001		1.19E-03				11.474		1.49E-03				12.456		11.656		0.00198		2.70E-03				12.454		2.73E-03				11.475		2.52E-03

		9.709666		5.73E-04				9.759		0.00117				11.77933		1.59E-03				12.78717		11.98717		1.94E-03		2.67E-03				12.787		2.66E-03				11.7795		0.00253

		9.413834		0.000555				9.461833		1.12E-03				11.48267		0.001515				12.464		11.664		0.001975		2.70E-03				12.4615		0.00271				11.48167		2.55E-03

		9.1435		5.65E-04				9.191833		1.18E-03				11.179		0.00148				12.13433		11.33433		2.02E-03		2.74E-03				12.13117		0.00272				11.1805		0.002535

		8.879666		5.68E-04				8.927501		1.17E-03				10.85167		1.52E-03				11.83783		11.03783		1.96E-03		2.68E-03				11.8335		0.002725				10.85383		0.00252

		8.576667		0.00059				8.625		1.18E-03				10.554		1.58E-03				11.51017		10.71017		1.93E-03		2.65E-03				11.50617		2.68E-03				10.555		2.49E-03

		8.311		0.00057				8.358834		1.13E-03				10.253		1.57E-03				11.1785		10.3785		1.98E-03		2.71E-03				11.17267		2.77E-03				10.256		0.00255

		8.040334		6.23E-04				8.0885		1.16E-03				9.927334		1.54E-03				10.852		10.052		2.05E-03		2.77E-03				10.84617		2.74E-03				9.928334		2.52E-03

		7.739999		0.000595				7.789		1.11E-03				9.6265		0.00148				10.5495		9.7495		1.99E-03		2.72E-03				10.546		0.00274				9.628166		2.52E-03

		7.475666		5.93E-04				7.523834		1.14E-03				9.330001		0.001535				10.22183		9.42183		2.00E-03		2.72E-03				10.21783		2.74E-03				9.332167		2.54E-03

		7.205166		5.67E-04				7.254333		1.17E-03				9.030833		1.52E-03				9.891999		9.091999		0.00195		2.67E-03				9.889667		2.76E-03				9.033668		2.51E-03

		6.907667		6.02E-04				6.955167		1.19E-03				8.698833		1.52E-03				9.563666		8.763666		0.002015		2.74E-03				9.559501		2.74E-03				8.701		0.002515

		6.6365		0.000575				6.6845		1.13E-03				8.403167		1.50E-03				9.263166		8.463166		2.01E-03		2.73E-03				9.260001		2.73E-03				8.407166		2.55E-03

		6.3685		5.43E-04				6.415333		1.17E-03				8.101832		1.48E-03				8.9345		8.1345		1.98E-03		2.70E-03				8.934501		2.72E-03				8.105		0.002525

		6.098667		5.33E-04				6.1455		1.14E-03				7.802667		1.52E-03				8.604333		7.804333		1.99E-03		2.71E-03				8.6045		2.78E-03				7.805		2.59E-03

		5.8255		5.57E-04				5.876333		1.18E-03				7.475666		1.55E-03				8.276		7.476		2.01E-03		2.74E-03				8.275167		2.78E-03				7.478333		0.00254

		5.531		5.93E-04				5.579		1.16E-03				7.173		1.55E-03				7.975999		7.175999		0.002065		2.79E-03				7.974		2.77E-03				7.175		2.51E-03

		5.259		5.77E-04				5.307333		0.001105				6.874167		0.00152				7.647167		6.847167		1.94E-03		2.67E-03				7.645167		0.002775				6.877166		0.002595

		4.9915		5.73E-04				5.0395		1.10E-03				6.577333		1.53E-03				7.316		6.516		1.94E-03		2.66E-03				7.316		0.002715				6.58		2.52E-03

		4.691667		0.0006				4.7385		1.07E-03				6.244		1.49E-03				7.018167		6.218167		0.002015		2.74E-03				7.017667		2.74E-03				6.247167		2.54E-03

		4.425834		5.23E-04				4.474		1.04E-03				5.943333		0.00148				6.689666		5.889666		0.00198		2.70E-03				6.688167		2.78E-03				5.9455		0.002595

		4.153333		5.23E-04				4.2005		9.92E-04				5.647167		1.48E-03				6.386		5.586		1.93E-03		2.65E-03				6.382		2.79E-03				5.6485		2.59E-03

		3.852		0.00049				3.9		8.93E-04				5.344166		1.36E-03				6.026333		5.226333		1.95E-03		2.68E-03				6.0265		2.76E-03				5.3455		2.52E-03

		3.586		4.03E-04				3.633166		9.02E-04				5.047167		1.40E-03				5.727001		4.927001		0.00192		2.64E-03				5.726833		2.66E-03				5.049333		2.51E-03

		3.3175		0.0004				3.364167		0.000715				4.717166		1.32E-03				5.3955		4.5955		1.90E-03		2.63E-03				5.396		2.57E-03				4.720166		2.50E-03

		3.0235		3.28E-04				3.071167		0.000665				4.417		1.24E-03				5.0685		4.2685		1.83E-03		2.56E-03				5.067833		2.47E-03				4.418667		0.002395

		2.751		0.000235				2.798333		0.00055				4.1155		1.18E-03				4.7675		3.9675		1.78E-03		2.51E-03				4.7685		2.37E-03				4.118		2.26E-03

		2.477		0.00016				2.5255		0.000445				3.785667		1.06E-03				4.437667		3.637667		0.00168		2.40E-03				4.436833		0.00227				3.7885		2.14E-03

		2.181667		0.00005				2.228833		0.00031				3.491333		8.75E-04				4.1085		3.3085		0.001535		2.26E-03				4.106667		2.12E-03				3.494666		0.00192

		1.909		-0.000015				1.9575		0.00025				3.192833		7.43E-04				3.8055		3.0055		0.00135		2.07E-03				3.806167		0.001955				3.1945		1.73E-03

		1.638833		-0.00012				1.688		1.08E-04				2.891667		5.67E-04				3.478833		2.678833		0.0012		1.92E-03				3.482		1.79E-03				2.8945		0.00155

		1.335833		-1.42E-04				1.3835		1.83E-05				2.5885		4.37E-04				3.154167		2.354167		0.001065		1.79E-03				3.155667		1.61E-03				2.5915		0.001365

		1.066833		-2.47E-04				1.115333		-9.00E-05				2.2615		2.28E-04				2.822		2.022		0.00089		1.61E-03				2.823		1.49E-03				2.267		0.001205

		0.796		-3.07E-04				0.8453333		-2.02E-04				1.956333		7.67E-05				2.487		1.687		0.00064		1.36E-03				2.487		1.23E-03				1.961		9.47E-04

		0.4935		-0.000435				0.5413333		-3.57E-04				1.626667		-1.28E-04				2.190133		1.390133		5.12E-04		1.24E-03				2.1885		1.07E-03				1.6305		7.22E-04

		0.229		-4.93E-04				0.276		-0.00044				1.328333		-0.00024				1.8585		1.0585		2.98E-04		1.02E-03				1.857833		8.98E-04				1.331333		4.82E-04

		-4.58E-02		-0.00071				0.0005		-6.08E-04				1.026333		-4.12E-04				1.524167		0.724167		8.17E-05		8.05E-04				1.525		7.28E-04				1.0305		2.38E-04

		-0.344		-8.33E-04				-0.2961667		-8.03E-04				0.727		-5.62E-04				1.225333		0.425333		-1.07E-04		6.17E-04				1.2255		5.62E-04				0.7301667		2.83E-05

		-0.6165		-8.88E-04				-0.5703333		-0.00102				0.4243333		-7.25E-04				0.8955		0.0955		-0.00024		4.83E-04				0.8966667		0.000355				0.4268334		-0.00019

		-0.8876667		-1.01E-03				-0.841		-0.00115				0.0935		-9.00E-04				0.5609999		-0.2390001		-4.73E-04		2.50E-04				0.5609999		1.12E-04				9.57E-02		-4.18E-04

		-1.186833		-1.14E-03				-1.1405		-1.26E-03				-0.2075		-1.12E-03				0.2625		-0.5375		-6.52E-04		7.17E-05				0.263		-5.83E-05				-0.2051667		-0.000995

		-1.462		-0.001335				-1.415166		-0.001525				-0.5115		-1.29E-03				-0.0685		-0.8685		-0.00083		-1.07E-04				-6.80E-02		-2.83E-04				-0.5080001		-1.19E-03

		-1.732833		-0.0015				-1.6855		-0.001725				-0.843		-1.53E-03				-0.404		-1.204		-1.23E-03		-5.05E-04				-0.406		-0.00051				-0.8376667		-1.60E-03

		-2.0325		-1.60E-03				-1.986		-0.001945				-1.1425		-1.76E-03				-0.733		-1.533		-1.46E-03		-7.33E-04				-0.7355		-0.00076				-1.140667		-1.82E-03

		-2.302667		-0.001675				-2.255834		-0.00208				-1.447333		-0.002045				-1.064		-1.864		-0.00172		-9.97E-04				-1.067		-0.00121				-1.445		-2.04E-03

		-2.575667		-1.70E-03				-2.527667		-2.15E-03				-1.748		-2.29E-03				-1.3705		-2.1705		-1.86E-03		-1.13E-03				-1.372167		-1.55E-03				-1.744667		-2.38E-03

		-2.8785		-1.75E-03				-2.831		-2.26E-03				-2.048834		-2.61E-03				-1.697		-2.497		-2.13E-03		-1.41E-03				-1.698		-1.80E-03				-2.0435		-0.002715

		-3.148333		-1.76E-03				-3.0985		-0.002295				-2.382		-2.86E-03				-2.032333		-2.832333		-0.002405		-1.68E-03				-2.031		-0.00202				-2.376167		-3.06E-03

		-3.424167		-1.73E-03				-3.377		-2.32E-03				-2.682333		-3.06E-03				-2.335667		-3.135667		-2.72E-03		-1.99E-03				-2.336		-2.36E-03				-2.6765		-3.33E-03

		-3.722667		-0.001755				-3.674		-2.35E-03				-3.013		-0.003095				-2.663833		-3.463833		-2.98E-03		-2.26E-03				-2.6645		-2.65E-03				-3.0085		-3.50E-03

		-3.993833		-1.72E-03				-3.946334		-0.002355				-3.3205		-3.19E-03				-2.995667		-3.795667		-3.13E-03		-2.41E-03				-2.995167		-3.07E-03				-3.313667		-3.64E-03

		-4.275667		-1.81E-03				-4.226667		-0.00238				-3.6195		-3.15E-03				-3.303166		-4.103166		-0.00319		-2.47E-03				-3.302167		-0.003345				-3.612666		-3.69E-03

		-4.574833		-1.78E-03				-4.524167		-2.37E-03				-3.92		-0.003225				-3.664666		-4.464666		-3.31E-03		-2.59E-03				-3.661333		-3.56E-03				-3.9135		-3.72E-03

		-4.851		-1.76E-03				-4.800499		-2.36E-03				-4.231499		-3.21E-03				-3.963		-4.763		-0.003345		-2.62E-03				-3.961833		-0.00373				-4.225		-3.73E-03

		-5.124667		-0.001725				-5.072333		-0.0024				-4.563833		-0.0032				-4.305666		-5.105666		-3.37E-03		-2.64E-03				-4.304166		-3.85E-03				-4.556167		-3.75E-03

		-5.433834		-1.78E-03				-5.379		-2.34E-03				-4.8665		-3.19E-03				-4.640833		-5.440833		-3.41E-03		-2.68E-03				-4.638167		-3.92E-03				-4.857		-0.003755

		-5.707667		-1.76E-03				-5.651		-2.36E-03				-5.172167		-3.20E-03				-4.939		-5.739		-3.40E-03		-2.68E-03				-4.9355		-3.99E-03				-5.164167		-3.78E-03

		-5.983166		-1.78E-03				-5.923833		-2.39E-03				-5.505001		-0.003215				-5.2755		-6.0755		-0.00337		-2.65E-03				-5.273333		-4.01E-03				-5.494999		-3.74E-03

		-6.294		-1.72E-03				-6.231333		-0.002415				-5.806		-3.19E-03				-5.6095		-6.4095		-0.00337		-2.65E-03				-5.607333		-4.03E-03				-5.795333		-0.00377

		-6.572		-1.77E-03				-6.5035		-2.38E-03				-6.113667		-3.21E-03				-5.9085		-6.7085		-3.40E-03		-2.67E-03				-5.906667		-3.99E-03				-6.1		-0.00381

		-6.855		-1.77E-03				-6.783		-0.002395				-6.416334		-3.19E-03				-6.247		-7.047		-3.37E-03		-2.64E-03				-6.244		-4.07E-03				-6.399167		-3.79E-03

		-7.162167		-0.001765				-7.087334		-2.33E-03				-6.724499		-3.16E-03				-6.583		-7.383		-3.38E-03		-2.65E-03				-6.5765		-0.00406				-6.706		-3.81E-03

		-7.448167		-0.00176				-7.3705		-0.002355				-7.058333		-3.19E-03				-6.9155		-7.7155		-3.36E-03		-2.64E-03				-6.907501		-4.05E-03				-7.036		-0.00382

		-7.732666		-1.78E-03				-7.6525		-2.33E-03				-7.370833		-0.003175				-7.258667		-8.058667		-3.33E-03		-2.60E-03				-7.250666		-0.00405				-7.344		-3.82E-03

		-8.044		-1.77E-03				-7.959		-2.35E-03				-7.712334		-0.00319				-7.5655		-8.3655		-3.39E-03		-2.66E-03										-7.680666		-0.0038

		-8.333333		-0.00172				-8.247083		-2.35E-03				-8.023		-3.21E-03				-7.900333		-8.700333		-3.41E-03		-2.68E-03										-7.986834		-0.003815

								-8.531499		-0.00234				-8.3385		-3.18E-03				-8.249667		-9.049667		-0.003375		-2.65E-03										-8.2985		-0.003775

								-8.850333		-2.33E-03				-8.657		-3.21E-03				-8.5635		-9.3635		-3.37E-03		-2.65E-03										-8.612166		-3.75E-03

								-9.134666		-2.32E-03				-8.973332		-3.21E-03				-8.908834		-9.708834		-3.36E-03		-2.64E-03										-8.923333		-0.003795

								-9.427835		-2.36E-03				-9.327		-0.003225				-9.265		-10.065		-3.35E-03		-2.63E-03										-9.275666		-3.77E-03

								-9.748333		-2.35E-03				-9.649167		-3.18E-03				-9.583333		-10.383333		-3.36E-03		-2.63E-03										-9.594334		-3.79E-03

								-10.036		-2.35E-03				-9.965833		-3.19E-03				-9.929501		-10.729501		-3.36E-03		-2.64E-03										-9.908		-0.0038
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80 ang take 2

Field (Oe)

Magnetization (emu)

-0.002764167

-0.002745833

-0.0027475

-0.002799166

-0.0027375

-0.0027675

-0.002739166

-0.002744167

-0.0027725

-0.002764167

-0.0027825

-0.0027675

-0.0027475

-0.002699167

-0.002769166

-0.002764167

-0.0027875

-0.002709166

-0.002780833

-0.0028225

-0.0028075

-0.002740833

-0.0028175

-0.0027275

-0.0027625

-0.002739167

-0.0027625

-0.002770833

-0.002754167
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-0.002775833

-0.002705833

-0.002745834
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comparison

		35		35

		50		50

		65		65

		80		80

		95		95



coercivity

grain size

Py thickness

Coercivity

Grain Size

0.57

4.8994238887

0.72

5.2079617078

0.985

6.2121716834

0.65

7.695228968

0.995

8.7792500082



S325A2

		325a2, 35 ang						325b2, 50 ang						325c2, 65 ang						325d2, 80 ang						325e2, 95 ang						327a1, 80 ang

		Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)				Field (Oe)		Magnetization (emu)				Field (Oe)				Magnetization (emu)

		-2.343333		-1.80E-03				-2.2245		-0.002675				-4.327333		-0.00296				-4.404167		-0.004215				-3.6205		-0.004305				-3.645667		-4.345667		-3.44E-03		-2.76E-03				thickness		coercivity		Bo		Bi		Br		theta		Grain Size

		-2.473666		-1.80E-03				-2.2715		-2.57E-03				-4.3255		-2.94E-03				-4.3485		-0.004235				-3.611		-4.26E-03				-3.6635		-4.3635		-3.42E-03		-2.75E-03				35		0.57		1.9402		0.09		0.0338263977		21.686		4.8994238887

		-2.445		-1.82E-03				-2.23		-0.002615				-4.240667		-2.92E-03				-4.292		-0.004205				-3.530667		-4.25E-03				-3.552667		-4.252667		-0.00342		-2.75E-03				50		0.72		1.8279		0.09		0.0318641525		21.874		5.2079617078

		-2.394167		-0.00175				-2.177		-2.58E-03				-4.1515		-2.97E-03				-4.202167		-0.00422				-3.410833		-4.25E-03				-3.4935		-4.1935		-3.47E-03		-2.80E-03				65		0.985		1.5337		0.09		0.026721964		21.9205		6.2121716834

		-2.366333		-0.001785				-2.088667		-0.002595				-4.091		-0.00298				-4.142		-4.23E-03				-3.3235		-0.004275				-3.3745		-4.0745		-0.00341		-2.74E-03				80		0.65		1.2396		0.09		0.0215779847		21.96		7.695228968

		-2.3375		-1.73E-03				-2.0255		-2.59E-03				-3.9985		-2.97E-03				-4.081		-4.20E-03				-3.234667		-4.27E-03				-3.314833		-4.014833		-0.00344		-2.77E-03				95		0.995		1.0877		0.09		0.0189188322		21.999		8.7792500082

		-2.278333		-1.83E-03				-1.966167		-2.61E-03				-3.9075		-0.003005				-3.99		-4.20E-03				-3.116833		-4.29E-03				-3.225		-3.925		-3.41E-03		-2.74E-03

		-2.218667		-1.79E-03				-1.873833		-0.002635				-3.848833		-2.94E-03				-3.93		-4.19E-03				-3.022167		-4.27E-03				-3.138		-3.838		-3.42E-03		-2.74E-03

		-2.186333		-0.00184				-1.817		-2.62E-03				-3.76		-0.002975				-3.841		-4.22E-03				-2.930833		-4.33E-03				-3.043667		-3.743667		-0.003445		-2.77E-03

		-2.1565		-0.001835				-1.7585		-0.00257				-3.6705		-0.00296				-3.7855		-0.004155				-2.813667		-4.32E-03				-2.953167		-3.653167		-3.44E-03		-2.76E-03

		-2.0975		-0.001775				-1.701833		-0.002625				-3.611333		-0.002965				-3.7245		-4.21E-03				-2.7555		-0.004275				-2.864167		-3.564167		-0.003455		-2.78E-03

		-2.036333		-1.82E-03				-1.608833		-2.60E-03				-3.5475		-0.00296				-3.666		-4.22E-03				-2.635333		-4.26E-03				-2.776		-3.476		-0.00344		-2.77E-03

		-2.0075		-1.81E-03				-1.545167		-0.002565				-3.457		-0.00301				-3.575		-4.19E-03				-2.5435		-4.26E-03				-2.687		-3.387		-0.00342		-2.75E-03

		-1.977		-0.001735				-1.489		-2.55E-03				-3.3685		-0.002945				-3.513667		-0.004175				-2.4535		-4.26E-03				-2.594667		-3.294667		-3.37E-03		-2.70E-03

		-1.917833		-1.79E-03				-1.397333		-2.57E-03				-3.3085		-2.98E-03				-3.425166		-4.19E-03				-2.336667		-4.28E-03				-2.504667		-3.204667		-3.44E-03		-2.77E-03

		-1.860833		-0.00177				-1.3385		-2.57E-03				-3.219167		-0.00297				-3.369333		-4.18E-03				-2.2435		-0.00425				-2.4175		-3.1175		-3.44E-03		-2.76E-03

		-1.827167		-0.00181				-1.28		-2.62E-03				-3.128833		-0.00299				-3.31		-4.18E-03				-2.156333		-0.0043				-2.327167		-3.027167		-0.00346		-2.79E-03

		-1.768		-0.00184				-1.221333		-2.62E-03				-3.066833		-0.002925				-3.248833		-0.004205				-2.0335		-4.29E-03				-2.2365		-2.9365		-3.38E-03		-2.71E-03

		-1.74		-1.82E-03				-1.130667		-2.53E-03				-2.9745		-2.95E-03				-3.154667		-0.00417				-1.943333		-0.00423				-2.177667		-2.877667		-3.45E-03		-2.78E-03

		-1.676		-1.77E-03				-1.066		-2.53E-03				-2.8875		-2.92E-03				-3.0955		-4.19E-03				-1.855333		-4.30E-03				-2.055		-2.755		-0.003495		-2.82E-03

		-1.6485		-1.80E-03				-1.007		-0.00259				-2.829333		-2.93E-03				-3.006334		-4.21E-03				-1.764333		-4.27E-03				-1.995		-2.695		-0.00348		-2.81E-03

		-1.5865		-1.79E-03				-0.9184999		-2.53E-03				-2.738		-2.98E-03				-2.9475		-4.15E-03				-1.675		-4.24E-03				-1.8765		-2.5765		-3.41E-03		-2.74E-03

		-1.557167		-0.001755				-0.8606667		-2.61E-03				-2.650833		-2.99E-03				-2.888333		-4.17E-03				-1.556167		-4.29E-03				-1.818		-2.518		-0.00349		-2.82E-03

		-1.498667		-1.80E-03				-0.8010001		-0.00251				-2.5875		-0.002955				-2.798167		-0.00417				-1.466		-4.30E-03				-1.7255		-2.4255		-0.0034		-2.73E-03

		-1.44		-1.77E-03				-0.7405		-2.59E-03				-2.530833		-0.002945				-2.7395		-0.004175				-1.377		-4.26E-03				-1.634833		-2.334833		-0.003435		-2.76E-03

		-1.4105		-1.83E-03				-0.6511667		-2.58E-03				-2.439		-0.00296				-2.646833		-4.11E-03				-1.256		-0.004225				-1.546333		-2.246333		-3.41E-03		-2.74E-03

		-1.380167		-1.79E-03				-0.588		-0.002515				-2.351		-0.002945				-2.587667		-4.17E-03				-1.162667		-0.004305				-1.457		-2.157		-0.003435		-2.76E-03

		-1.319		-1.76E-03				-0.5305		-0.0026				-2.2905		-0.002985				-2.5285		-4.14E-03				-1.0745		-4.23E-03				-1.3685		-2.0685		-3.44E-03		-2.77E-03

		-1.260333		-1.81E-03				-0.4396667		-0.00251				-2.201		-2.95E-03				-2.468667		-4.17E-03				-0.9533333		-4.26E-03				-1.278667		-1.978667		-3.43E-03		-2.75E-03

		-1.2265		-1.79E-03				-0.3803333		-0.00256				-2.109		-2.96E-03				-2.3805		-4.16E-03				-0.8636666		-4.29E-03				-1.185333		-1.885333		-3.42E-03		-2.74E-03

		-1.1975		-0.00178				-0.3228333		-2.55E-03				-2.0485		-2.97E-03				-2.319333		-4.20E-03				-0.7731667		-4.28E-03				-1.096		-1.796		-0.0034		-2.73E-03

		-1.138		-0.001795				-0.262		-2.58E-03				-1.9585		-2.99E-03				-2.230167		-4.16E-03				-0.683		-4.28E-03				-1.004167		-1.704167		-3.46E-03		-2.79E-03

		-1.076833		-0.001795				-0.171		-2.58E-03				-1.868		-2.98E-03				-2.168		-4.23E-03				-0.593		-4.29E-03				-0.9153333		-1.6153333		-3.42E-03		-2.75E-03

		-1.048667		-1.78E-03				-0.1096667		-2.50E-03				-1.809167		-2.96E-03				-2.109		-4.19E-03				-0.4731667		-0.00428				-0.8556667		-1.5556667		-0.00342		-2.75E-03

		-1.017833		-1.76E-03				-4.97E-02		-2.61E-03				-1.720333		-3.00E-03				-2.047		-4.15E-03				-0.3831667		-0.004275				-0.7365		-1.4365		-3.44E-03		-2.77E-03

		-0.9578333		-1.78E-03				0.041		-0.00261				-1.6555		-0.002945				-1.958		-4.19E-03				-0.2946667		-4.23E-03				-0.6738334		-1.3738334		-3.45E-03		-2.78E-03

		-0.8975		-1.78E-03				9.97E-02		-2.56E-03				-1.564667		-2.97E-03				-1.8995		-4.17E-03				-0.1701667		-4.25E-03				-0.5545		-1.2545		-3.38E-03		-2.71E-03

		-0.8668334		-1.75E-03				0.1583333		-2.54E-03				-1.4995		-0.00297				-1.8105		-4.16E-03				-7.97E-02		-4.23E-03				-0.494		-1.194		-3.42E-03		-2.75E-03

		-0.8095		-0.0018				0.217		-0.002635				-1.4135		-2.99E-03				-1.752167		-4.17E-03				0.0105		-4.27E-03				-0.376		-1.076		-3.44E-03		-2.77E-03

		-0.7785		-0.00176				0.3041667		-2.54E-03				-1.355		-0.00296				-1.6875		-4.10E-03				0.126		-4.28E-03				-0.315		-1.015		-3.41E-03		-2.74E-03

		-0.717		-1.78E-03				0.3705		-2.52E-03				-1.264		-2.97E-03				-1.6275		-4.20E-03				0.1885		-4.24E-03				-0.222		-0.922		-3.41E-03		-2.74E-03

		-0.6878333		-0.00179				0.4303333		-0.002505				-1.1715		-0.00293				-1.5355		-4.15E-03				0.3098333		-0.004255				-0.1318333		-0.8318333		-3.46E-03		-2.79E-03

		-0.6233334		-1.78E-03				0.4935		-0.0026				-1.113		-0.002935				-1.476667		-4.20E-03				0.4028333		-0.00424				-0.042		-0.742		-0.00344		-2.77E-03

		-0.5946667		-1.81E-03				0.5840001		-2.54E-03				-1.02		-0.00295				-1.416667		-4.16E-03				0.489		-4.23E-03				4.58E-02		-0.65416667		-3.46E-03		-2.79E-03

		-0.5355		-1.76E-03				0.6445		-2.56E-03				-0.9333334		-0.00296				-1.327333		-0.0041				0.6076667		-4.26E-03				0.1375		-0.5625		-3.46E-03		-2.79E-03

		-0.4785		-1.80E-03				0.7016667		-2.57E-03				-0.875		-2.96E-03				-1.268167		-4.16E-03				0.698		-4.28E-03				0.2258333		-0.4741667		-0.00345		-2.78E-03

		-0.4486667		-1.79E-03				0.7631667		-0.00251				-0.7810001		-2.98E-03				-1.204167		-4.17E-03				0.7911666		-4.28E-03				0.318		-0.382		-3.43E-03		-2.75E-03

		-0.4170667		-0.00175				0.855		-0.00255				-0.7228333		-2.94E-03				-1.1135		-4.12E-03				0.9111667		-4.24E-03				0.408		-0.292		-0.003435		-2.76E-03

		-0.3563333		-1.80E-03				0.913		-2.54E-03				-0.6286666		-0.002975				-1.0535		-0.0041				1		-0.00431				0.4953333		-0.2046667		-0.003435		-2.76E-03

		-0.2963333		-1.78E-03				0.9756667		-2.54E-03				-0.5375		-3.01E-03				-0.9663334		-0.004115				1.091333		-4.27E-03				0.5845		-0.1155		-3.45E-03		-2.78E-03

		-0.2665		-0.001815				1.063833		-2.55E-03				-0.4795		-0.002915				-0.908		-0.004155				1.1815		-4.21E-03				0.6446667		-0.0553333		-3.42E-03		-2.75E-03

		-0.2375		-0.001775				1.1235		-0.00257				-0.39		-2.96E-03				-0.8461667		-0.004115				1.270333		-0.004245				0.7686667		0.0686667		-3.42E-03		-2.74E-03

		-0.177		-0.00177				1.182083		-0.00253				-0.33		-0.002975				-0.7528334		-0.004205				1.392667		-4.20E-03				0.828		0.128		-3.42E-03		-2.75E-03

		-0.1153333		-1.78E-03				1.244667		-0.00222				-0.2401667		-0.002955				-0.693		-4.11E-03				1.4805		-4.26E-03				0.9488333		0.2488333		-0.003435		-2.76E-03

		-0.086		-0.001785				1.337		-8.33E-04				-0.15		-2.93E-03				-0.6328333		-4.13E-03				1.570667		-0.004035				1.007167		0.307167		-0.00343		-2.76E-03

		-5.48E-02		-1.81E-03				1.398		-2.83E-04				-8.88E-02		-0.00298				-0.5441667		-4.16E-03				1.6925		-1.58E-03				1.131117		0.431117		-3.40E-03		-2.73E-03

		0.004		-1.78E-03				1.4575		-8.50E-05				3.33E-04		-2.91E-03				-0.4846667		-4.10E-03				1.783333		-4.42E-04				1.190333		0.490333		-3.42E-03		-2.75E-03

		6.33E-02		-0.001795				1.5455		0.000215				9.13E-02		-0.003015				-0.4266667		-0.004145				1.8735		4.97E-04				1.279		0.579		-0.00137		-6.98E-04

		0.097		-0.00177				1.604		0.000325				0.1516667		-2.94E-03				-0.335		-4.15E-03				1.992333		0.001235				1.37		0.67		1.16E-03		1.83E-03

		0.1511667		-1.81E-03				1.6635		3.08E-04				0.2408333		-0.00297				-0.2738333		-0.00413				2.0845		0.00156				1.458		0.758		1.78E-03		2.45E-03

		0.182		-1.78E-03				1.725667		0.000325				0.305		-2.98E-03				-0.2143333		-4.12E-03				2.174167		1.83E-03				1.547167		0.847167		0.00194		2.61E-03

		0.246		-0.001785				1.817167		3.17E-04				0.3953333		-0.003				-0.123		-4.13E-03				2.265833		0.001995				1.638833		0.938833		2.02E-03		2.69E-03

		0.2775		-1.77E-03				1.875667		0.00035				0.4825		-2.90E-03				-0.062		-4.08E-03				2.357167		2.12E-03				1.731833		1.031833		2.01E-03		2.68E-03

		0.3375		-1.76E-03				1.9385		0.00037				0.5426667		-2.94E-03				-0.003		-4.16E-03				2.4735		0.00218				1.823		1.123		1.96E-03		2.63E-03

		0.3686666		-1.78E-03				2.027333		0.00035				0.634		-0.00299				8.85E-02		-4.11E-03				2.566		2.30E-03				1.912833		1.212833		2.02E-03		2.69E-03

		0.4278333		-1.77E-03				2.086		0.00035				0.693		-0.003				0.1481667		-4.08E-03				2.6545		2.38E-03				2		1.3		0.002045		2.72E-03

		0.4565		-1.75E-03				2.145333		3.63E-04				0.7848334		-0.002915				0.2423333		-0.0041				2.780666		0.002375				2.0915		1.3915		2.01E-03		2.68E-03

		0.5151666		-1.76E-03				2.208		3.27E-04				0.8761666		-2.97E-03				0.302		-4.08E-03				2.869833		2.48E-03				2.1535		1.4535		2.02E-03		2.70E-03

		0.543		-1.71E-03				2.299667		0.00036				0.9373333		-2.93E-03				0.364		-4.13E-03				2.959167		2.56E-03				2.274333		1.574333		2.06E-03		2.73E-03

		0.6048334		-0.00181				2.359333		3.28E-04				1.0285		-2.91E-03				0.4511667		-4.08E-03				3.081333		2.54E-03				2.335167		1.635167		2.09E-03		2.77E-03

		0.6345		-1.80E-03				2.421667		3.78E-04				1.0835		-2.98E-03				0.5098333		-4.11E-03				3.14		2.60E-03				2.452333		1.752333		2.06E-03		2.73E-03

		0.6968334		-1.75E-03				2.505334		0.000335				1.175333		-2.95E-03				0.5718334		-4.08E-03				3.25935		2.61E-03				2.511333		1.811333		0.002055		2.73E-03

		0.7273334		-0.00178				2.566333		4.22E-04				1.269		-0.002955				0.6598334		-0.004025				3.35		2.66E-03				2.6015		1.9015		2.06E-03		2.74E-03

		0.7865		-1.76E-03				2.625833		3.87E-04				1.329167		-2.91E-03				0.7220001		-0.004115				3.438		0.00263				2.699167		1.999167		2.06E-03		2.73E-03

		0.8205001		-1.75E-03				2.687333		3.92E-04				1.422333		-2.90E-03				0.7815		-4.09E-03				3.56		0.00271				2.792		2.092		2.07E-03		2.75E-03

		0.8788333		-1.78E-03				2.78		3.53E-04				1.51		-0.00234				0.8755		-4.15E-03				3.646667		2.70E-03				2.877		2.177		2.10E-03		2.78E-03

		0.9088333		-0.00178				2.839333		0.00033				1.569833		-1.39E-03				0.933		-4.06E-03				3.735167		2.69E-03				2.9675		2.2675		2.10E-03		2.77E-03

		0.967		-1.78E-03				2.901667		0.00039				1.659833		0.00007				0.9915001		-4.11E-03				3.856167		2.76E-03				3.059		2.359		2.06E-03		2.74E-03

		0.9958333		-0.00175				2.991333		3.93E-04				1.7225		0.000525				1.083		-4.11E-03				3.946334		0.002775				3.151		2.451		2.03E-03		2.70E-03

		1.058		-1.80E-03				3.051		0.0004				1.812667		0.00115				1.142		-4.11E-03				4.035666		0.002785				3.237833		2.537833		2.01E-03		2.69E-03

		1.089333		-0.00175				3.1075		3.63E-04				1.902833		0.00134				1.206333		-0.004065				4.128		2.77E-03				3.3285		2.6285		0.002045		2.72E-03

		1.147		-0.001285				3.168333		3.62E-04				1.962833		0.001365				1.297833		-1.09E-03				4.218333		2.72E-03				3.4165		2.7165		0.00205		2.72E-03

		1.183833		-5.53E-04				3.262		3.57E-04				2.05		0.001355				1.3585		0.00035				4.34		2.74E-03				3.5075		2.8075		2.06E-03		2.73E-03

		1.243		1.73E-04				3.323		3.23E-04				2.114		1.33E-03				1.4145		1.10E-03				4.4285		2.81E-03				3.599		2.899		2.07E-03		2.74E-03

		1.302333		3.77E-04				3.384334		4.08E-04				2.2075		0.00136				1.506		1.40E-03				4.518		2.78E-03				3.655		2.955		0.00203		2.70E-03

		1.331333		0.000375				3.472167		0.00034				2.294		1.40E-03				1.569167		1.46E-03				4.642		0.002865				3.775666		3.075666		0.00207		2.74E-03

		1.3895		3.52E-04				3.533		0.000355				2.3565		1.40E-03				1.659		0.001505				4.731667		2.79E-03				3.835		3.135		2.10E-03		2.77E-03

		1.419		0.0004				3.592334		3.48E-04				2.4445		1.39E-03				1.7185		1.54E-03				4.821834		0.002835				3.953167		3.253167		2.05E-03		2.72E-03

		1.479		3.77E-04				3.654		3.72E-04				2.536167		1.40E-03				1.779667		1.54E-03				4.939666		2.84E-03				4.013834		3.313834		0.002085		2.76E-03

		1.5075		0.00034				3.7435		3.60E-04				2.5975		0.001415				1.8675		1.51E-03				5.03		2.88E-03				4.105333		3.405333		2.09E-03		2.76E-03

		1.571		0.000375				3.8045		4.07E-04				2.688833		1.40E-03				1.927333		1.49E-03				5.123333		2.89E-03				4.1965		3.4965		2.12E-03		2.79E-03

		1.5985		3.68E-04				3.865333		0.000325				2.75		0.001355				1.986667		1.54E-03				5.216833		2.86E-03				4.286666		3.586666		0.002135		2.81E-03

		1.66		4.37E-04				3.953834		3.77E-04				2.839833		1.40E-03				2.08		1.50E-03				5.303667		0.002825				4.376333		3.676333		2.05E-03		2.72E-03

		1.692		3.58E-04				4.013		3.52E-04				2.93		1.41E-03				2.143667		0.001545				5.423		2.83E-03				4.467667		3.767667		2.05E-03		2.72E-03

		1.75		4.37E-04				4.072334		3.38E-04				2.9895		0.0014				2.201167		0.001525				5.513		2.84E-03				4.555		3.855		0.00213		2.80E-03

		1.783167		4.13E-04				4.136167		3.82E-04				3.079		0.00138				2.291667		1.57E-03				5.6065		2.82E-03				4.647666		3.947666		0.00207		2.74E-03

		1.842		3.78E-04				4.2285		3.83E-04				3.137834		0.00143				2.352167		0.001575				5.728167		2.82E-03				4.740166		4.040166		0.002075		2.75E-03

		1.870667		0.000365				4.2865		0.00035				3.237666		1.39E-03				2.4115		1.57E-03				5.817667		2.88E-03				4.8275		4.1275		2.01E-03		2.68E-03

		1.929333		0.000385				4.347666		3.82E-04				3.3275		1.35E-03				2.503667		0.001535				5.906		2.91E-03				4.917833		4.217833		2.08E-03		2.75E-03

		1.9605		3.42E-04				4.438667		3.92E-04				3.388		0.001375				2.564667		1.58E-03				6.027		2.88E-03				5.008166		4.308166		2.08E-03		2.75E-03

		2.022167		3.43E-04				4.35		4.18E-04				3.329		0.001405				2.622833		1.57E-03				5.907		2.87E-03				4.920333		4.220333		2.11E-03		2.78E-03

		2.050667		3.97E-04				4.2895		3.42E-04				3.240833		1.42E-03				2.7135		1.51E-03				5.821		0.00283				4.8305		4.1305		2.06E-03		2.73E-03

		2.1095		0.000405				4.233		4.12E-04				3.1425		0.001405				2.773667		0.00156				5.732167		2.85E-03				4.7445		4.0445		2.11E-03		2.78E-03

		2.143333		0.0004				4.1415		4.18E-04				3.083		1.41E-03				2.864333		0.001535				5.612999		0.00285				4.652833		3.952833		2.10E-03		2.78E-03

		2.2025		0.000395				4.078166		0.000405				2.995		0.001425				2.9245		1.57E-03				5.522334		0.0028				4.562		3.862		0.002135		2.81E-03

		2.265167		4.22E-04				4.018167		3.37E-04				2.936167		0.00145				2.985667		1.64E-03				5.432833		0.00284				4.475		3.775		0.002075		2.75E-03

		2.2955		0.00036				3.959666		4.08E-04				2.847		1.42E-03				3.074		0.001625				5.3155		2.82E-03				4.388		3.688		0.002075		2.75E-03

		2.352167		4.23E-04				3.872		3.82E-04				2.757167		1.40E-03				3.141833		1.64E-03				5.2295		2.88E-03				4.297167		3.597167		0.00207		2.74E-03

		2.3845		4.03E-04				3.812		3.83E-04				2.697333		1.38E-03				3.201667		1.64E-03				5.137001		2.93E-03				4.2075		3.5075		2.10E-03		2.77E-03

		2.444		0.000375				3.752667		0.00039				2.606167		1.40E-03				3.2925		1.62E-03				5.045		0.002865				4.117		3.417		2.10E-03		2.77E-03

		2.473		4.03E-04				3.663666		4.03E-04				2.5455		1.38E-03				3.351333		1.62E-03				4.955		2.89E-03				4.025667		3.325667		0.002075		2.75E-03

		2.534167		3.62E-04				3.6025		3.52E-04				2.4545		1.46E-03				3.411833		0.001665				4.839		2.88E-03				3.965833		3.265833		2.13E-03		2.81E-03

		2.563167		0.00042				3.543		3.82E-04				2.367		1.40E-03				3.5045		1.62E-03				4.750667		0.00284				3.848166		3.148166		2.11E-03		2.78E-03

		2.626		0.00042				3.483		0.00039				2.305		1.41E-03				3.5645		1.55E-03				4.6615		2.88E-03				3.7905		3.0905		2.07E-03		2.75E-03

		2.6555		4.08E-04				3.397333		4.17E-04				2.219333		1.41E-03				3.623667		1.66E-03				4.539		2.86E-03				3.6695		2.9695		2.10E-03		2.77E-03

		2.714333		0.00041				3.336667		4.03E-04				2.124833		1.36E-03				3.7165		0.00163				4.4505		0.00286				3.612666		2.912666		2.11E-03		2.78E-03

		2.748333		0.000375				3.277		4.08E-04				2.0615		0.00136				3.7765		1.65E-03				4.3615		0.002855				3.526		2.826		2.08E-03		2.75E-03

		2.807667		3.57E-04				3.183		3.83E-04				1.974		1.40E-03				3.832		0.001635				4.242		2.84E-03				3.435		2.735		2.06E-03		2.74E-03

		2.837833		3.67E-04				3.1215		0.0004				1.9165		0.001365				3.922		0.001655				4.153333		2.91E-03				3.349167		2.649167		2.09E-03		2.76E-03

		2.898667		0.000375				3.066		3.98E-04				1.826		0.001395				3.983333		1.64E-03				4.061667		0.002875				3.258333		2.558333		2.11E-03		2.78E-03

		2.9255		3.47E-04				3.0075		3.93E-04				1.7365		1.38E-03				4.08		1.62E-03				3.973		2.87E-03				3.172833		2.472833		2.10E-03		2.77E-03

		2.986		3.92E-04				2.917167		4.13E-04				1.675833		1.41E-03				4.140333		0.00163				3.883		2.87E-03				3.082667		2.382667		0.00211		2.78E-03

		3.0165		3.47E-04				2.8585		0.00037				1.585833		1.38E-03				4.199166		0.001605				3.763667		2.84E-03				2.99		2.29		2.09E-03		2.76E-03

		3.074667		3.53E-04				2.798		3.93E-04				1.527667		0.00136				4.29		1.62E-03				3.675667		2.90E-03				2.901167		2.201167		2.03E-03		2.70E-03

		3.1095		3.52E-04				2.707		3.23E-04				1.4405		0.00143				4.349166		0.001625				3.5895		2.85E-03				2.8145		2.1145		2.09E-03		2.76E-03

		3.169		0.000335				2.646		0.00038				1.346833		1.40E-03				4.289667		1.66E-03				3.469333		2.86E-03				2.7235		2.0235		0.002065		2.74E-03

		3.23		3.77E-04				2.586167		3.77E-04				1.287833		1.34E-03				4.202		1.62E-03				3.380833		2.83E-03				2.629		1.929		2.10E-03		2.78E-03

		3.259333		0.00031				2.527333		3.92E-04				1.197333		0.00143				4.144834		1.74E-03				3.2895		0.002875				2.538167		1.838167		2.11E-03		2.78E-03

		3.318667		4.03E-04				2.4405		4.03E-04				1.104		1.41E-03				4.0845		0.00161				3.1735		2.86E-03				2.478333		1.778333		0.00211		2.78E-03

		3.349		0.000365				2.379		3.72E-04				1.047		0.00139				3.989834		1.57E-03				3.1145		2.92E-03				2.3635		1.6635		0.002095		2.77E-03

		3.409		0.000385				2.3205		3.63E-04				0.9585001		1.39E-03				3.93		1.61E-03				2.993167		2.90E-03				2.303166		1.603166		2.07E-03		2.74E-03

		3.439		0.00042				2.228833		3.88E-04				0.899		1.45E-03				3.840333		1.63E-03				2.904333		0.002845				2.1795		1.4795		0.00214		2.81E-03

		3.5015		3.62E-04				2.167667		3.78E-04				0.8076667		0.00137				3.7855		1.59E-03				2.8145		2.83E-03				2.121		1.421		0.002135		2.81E-03

		3.53		3.77E-04				2.1085		3.48E-04				0.7154999		1.38E-03				3.726		0.001635				2.692167		2.85E-03				2.031		1.331		2.11E-03		2.78E-03

		3.590833		0.00041				2.048333		0.000385				0.6578333		0.00142				3.633667		1.63E-03				2.6035		0.00282				1.944		1.244		2.08E-03		2.76E-03

		3.6205		3.82E-04				1.9595		0.000415				0.5664999		1.37E-03				3.5745		1.64E-03				2.512334		2.83E-03				1.8555		1.1555		2.08E-03		2.76E-03

		3.680167		3.53E-04				1.897667		3.83E-04				0.5076666		1.43E-03				3.514333		0.001635				2.3965		0.00289				1.764167		1.064167		2.12E-03		2.79E-03

		3.713		3.48E-04				1.840667		4.38E-04				0.4196666		0.001415				3.424333		1.67E-03				2.305167		2.85E-03				1.671667		0.971667		2.10E-03		2.77E-03

		3.774		3.42E-04				1.7505		4.17E-04				0.3305		1.44E-03				3.364333		0.00166				2.214833		2.88E-03				1.581		0.881		2.08E-03		2.75E-03

		3.8015		3.68E-04				1.6875		3.98E-04				0.267		0.00135				3.306167		0.00171				2.123833		2.84E-03				1.493		0.793		0.002125		2.80E-03

		3.861		4.17E-04				1.6305		0.00035				0.1793333		1.37E-03				3.216167		1.68E-03				2.0335		2.89E-03				1.404167		0.704167		2.11E-03		2.78E-03

		3.892667		3.82E-04				1.571667		4.22E-04				0.1185		1.33E-03				3.156833		1.63E-03				1.914333		2.85E-03				1.313667		0.613667		2.12E-03		2.80E-03

		3.9535		0.00037				1.484		0.00037				2.82E-02		0.00139				3.09		1.62E-03				1.825667		0.002845				1.225333		0.525333		0.00209		2.76E-03

		3.984833		0.000365				1.4245		4.62E-04				-0.061		1.38E-03				3.003167		0.001615				1.732667		0.00283				1.1665		0.4665		2.13E-03		2.80E-03

		4.044		4.28E-04				1.364833		4.27E-04				-0.123		0.001385				2.942		1.65E-03				1.612		0.002885				1.0435		0.3435		2.08E-03		2.75E-03

		4.1095		3.77E-04				1.273333		3.73E-04				-0.2146667		0.0003				2.8825		1.65E-03				1.5235		2.83E-03				0.9841667		0.2841667		2.08E-03		2.76E-03

		4.134333		0.00046				1.211167		4.32E-04				-0.3045		-1.59E-03				2.794		1.57E-03				1.4355		0.002825				0.8656667		0.1656667		2.11E-03		2.78E-03

		4.1975		0.000345				1.151167		3.62E-04				-0.3625		-2.40E-03				2.733666		1.67E-03				1.314667		2.86E-03				0.8065		0.1065		2.14E-03		2.81E-03

		4.2255		4.08E-04				1.092667		3.97E-04				-0.4506667		-2.84E-03				2.644667		1.63E-03				1.224667		0.00286				0.6828334		-0.0171666		2.14E-03		2.81E-03

		4.286		0.0004				1.004667		0.000395				-0.5086667		-0.00287				2.585667		1.67E-03				1.135333		2.84E-03				0.6233334		-0.0766666		0.00214		2.81E-03

		4.228		0.0004				0.9455		4.02E-04				-0.5994999		-2.85E-03				2.525		1.67E-03				1.045333		2.85E-03				0.534		-0.166		0.00215		2.82E-03

		4.1975		3.73E-04				0.8833333		3.97E-04				-0.6935		-0.002945				2.432667		0.00166				0.9556666		2.80E-03				0.4478333		-0.2521667		2.12E-03		2.79E-03

		4.138		3.53E-04				0.7928333		3.87E-04				-0.7506666		-2.91E-03				2.3745		1.66E-03				0.8375		2.82E-03				0.358		-0.342		2.07E-03		2.74E-03

		4.1115		0.000395				0.7303333		3.98E-04				-0.8425		-0.00292				2.3135		0.001655				0.743		0.00284				0.2655		-0.4345		2.12E-03		2.79E-03

		4.0465		3.88E-04				0.6736667		0.000425				-0.9008334		-0.002945				2.2225		0.001635				0.6541666		2.82E-03				0.1761667		-0.5238333		-0.002445		-1.77E-03

		3.989		0.000345				0.6143334		0.000425				-0.9878333		-0.002945				2.165333		1.67E-03				0.536		2.86E-03				8.47E-02		-0.61533333		-0.003215		-2.54E-03

		3.957667		0.000355				0.525		4.23E-04				-1.078		-2.92E-03				2.101834		0.0017				0.4498334		0.00288				-0.001		-0.701		-3.29E-03		-2.61E-03

		3.899167		0.000365				0.4648333		3.62E-04				-1.1385		-0.002975				2.0095		1.64E-03				0.358		0.00289				-0.092		-0.792		-3.34E-03		-2.67E-03

		3.868167		4.18E-04				0.404		4.22E-04				-1.231333		-2.97E-03				1.949		1.65E-03				0.237		2.81E-03				-0.179		-0.879		-0.0033		-2.63E-03

		3.8095		4.27E-04				0.3391666		4.32E-04				-1.322		-2.94E-03				1.890167		0.00162				0.1748333		0.002825				-0.2766167		-0.9766167		-3.31E-03		-2.63E-03

		3.781166		3.97E-04				0.251		3.93E-04				-1.38		-0.00298				1.802		1.64E-03				5.88E-02		0.002835				-0.3368334		-1.0368334		-3.37E-03		-2.70E-03

		3.720667		0.000405				0.1916667		3.82E-04				-1.468167		-2.92E-03				1.7435		1.66E-03				-0.031		2.84E-03				-0.454		-1.154		-3.33E-03		-2.66E-03

		3.689		3.62E-04				0.133		0.000385				-1.5305		-2.92E-03				1.683167		1.65E-03				-0.121		2.82E-03				-0.5149999		-1.2149999		-3.33E-03		-2.66E-03

		3.6305		4.22E-04				7.42E-02		0.000405				-1.621833		-0.00293				1.5935		1.65E-03				-0.245		-0.000415				-0.6351666		-1.3351666		-3.43E-03		-2.76E-03

		3.6005		0.00037				-1.87E-02		4.12E-04				-1.685		-2.93E-03				1.531167		1.69E-03				-0.3348334		-1.53E-03				-0.695		-1.395		-3.38E-03		-2.71E-03

		3.5385		3.92E-04				-0.077		-0.000455				-1.774		-0.002895				1.442		1.69E-03				-0.4243333		-0.002305				-0.8141667		-1.5141667		-0.00339		-2.72E-03

		3.511833		3.43E-04				-0.139		-1.60E-03				-1.833333		-2.96E-03				1.3855		1.68E-03				-0.543		-3.02E-03				-0.8743334		-1.5743334		-3.30E-03		-2.63E-03

		3.4505		4.38E-04				-0.2301667		-2.38E-03				-1.923		-2.97E-03				1.3235		0.001635				-0.634		-3.20E-03				-0.965		-1.665		-0.003355		-2.68E-03

		3.422		3.73E-04				-0.29		-0.002445				-2.013667		-2.99E-03				1.23		1.70E-03				-0.7253334		-3.36E-03				-1.056		-1.756		-3.34E-03		-2.67E-03

		3.361833		3.77E-04				-0.3486667		-2.44E-03				-2.072833		-0.00294				1.1665		1.64E-03				-0.8136666		-3.51E-03				-1.145		-1.845		-3.38E-03		-2.71E-03

		3.332667		3.87E-04				-0.4085		-2.49E-03				-2.1645		-2.94E-03				1.109		0.001625				-0.9035		-3.56E-03				-1.238333		-1.938333		-3.41E-03		-2.74E-03

		3.274		4.43E-04				-0.498		-0.002535				-2.255834		-0.00299				1.019		1.66E-03				-1.025		-3.69E-03				-1.33		-2.03		-3.40E-03		-2.73E-03

		3.244833		3.78E-04				-0.5573333		-2.53E-03				-2.314833		-0.002935				0.9605		0.001645				-1.113833		-0.003745				-1.418167		-2.118167		-0.003365		-2.69E-03

		3.184167		3.57E-04				-0.6213334		-2.46E-03				-2.401334		-2.92E-03				0.902		0.00163				-1.206		-3.81E-03				-1.505333		-2.205333		-0.00339		-2.72E-03

		3.1225		4.07E-04				-0.7105		-0.00249										0.809		0.001655				-1.3275		-0.003805				-1.594		-2.294		-3.39E-03		-2.72E-03

		3.0885		0.00039				-0.771		-2.47E-03										0.7513333		0.001685				-1.415667		-3.91E-03				-1.6855		-2.3855		-0.003385		-2.71E-03

		3.030333		3.68E-04				-0.829		-0.002465										0.6886668		1.67E-03				-1.506667		-0.00398				-1.776		-2.476		-3.38E-03		-2.71E-03

		3.000667		3.73E-04				-0.8893333		-2.50E-03										0.6		1.67E-03				-1.626		-0.003955				-1.835667		-2.535667		-3.36E-03		-2.68E-03

		2.940666		4.17E-04				-0.978		-2.50E-03										0.54		1.64E-03				-1.715333		-0.004025				-1.9545		-2.6545		-3.41E-03		-2.74E-03

		2.9135		0.000375				-1.038167		-0.002505										0.4825		1.71E-03				-1.8065		-0.003995				-2.016		-2.716		-3.35E-03		-2.68E-03

		2.856		3.78E-04				-1.102333		-2.51E-03										0.396		1.67E-03				-1.895667		-4.01E-03				-2.139333		-2.839333		-3.37E-03		-2.70E-03

		2.824667		3.33E-04				-1.192667		-0.002515										0.3325		1.64E-03				-1.986833		-0.00409				-2.1965		-2.8965		-3.34E-03		-2.67E-03

		2.7655		0.000405				-1.253		-0.00248										0.274		1.64E-03				-2.109333		-4.12E-03				-2.286333		-2.986333		-0.00338		-2.71E-03

		2.732667		4.13E-04				-1.309667		-0.00245										0.1816667		1.58E-03				-2.197333		-0.00408				-2.374667		-3.074667		-3.40E-03		-2.73E-03

		2.6745		0.000415				-1.369333		-2.52E-03										0.1215		1.65E-03				-2.291		-4.11E-03				-2.465833		-3.165833		-3.38E-03		-2.71E-03

		2.645333		4.02E-04				-1.460333		-0.002435										0.0305		-1.96E-03				-2.408		-4.12E-03				-2.556		-3.256		-3.35E-03		-2.68E-03

		2.5855		0.00043				-1.515333		-0.002435										-0.03		-0.0031				-2.502		-4.11E-03				-2.6475		-3.3475		-3.33E-03		-2.66E-03

		2.554667		0.000425				-1.5815		-2.48E-03										-0.088		-0.00361				-2.5935		-4.20E-03

		2.494		0.00038				-1.674333		-2.50E-03										-0.179		-0.00384				-2.716		-0.00414

		2.464333		3.98E-04				-1.731167		-2.49E-03										-0.2381667		-3.90E-03				-2.773		-4.19E-03

		2.4045		4.32E-04				-1.793		-0.00244										-0.3001667		-3.93E-03				-2.892		-4.15E-03

		2.3755		3.78E-04				-1.853		-2.46E-03										-0.3915		-3.89E-03

		2.318833		3.92E-04				-1.946333		-0.002505										-0.4486667		-3.90E-03

		2.2885		3.42E-04				-2.0075		-0.00248										-0.5078333		-0.00395

		2.226		3.78E-04				-2.071333		-2.48E-03										-0.595		-3.96E-03

		2.167667		3.83E-04				-2.164		-2.45E-03										-0.6556666		-3.98E-03

		2.135		0.00043				-2.225833		-0.00246										-0.715		-0.00393

		2.077167		0.00038				-2.286667		-0.00249										-0.808		-0.003935

		2.047167		0.000345				-2.343167		-2.51E-03										-0.8708332		-3.96E-03

		1.986		0.000405				-2.439167		-2.45E-03										-0.928		-3.93E-03

		1.956667		4.22E-04																-1.016333		-3.91E-03

		1.898		3.82E-04																-1.0755		-0.00399

		1.869333		0.000395																-1.167167		-3.96E-03

		1.8085		4.27E-04																-1.229		-4.01E-03

		1.777333		0.000405																-1.288833		-3.95E-03

		1.720833		3.52E-04																-1.38		-4.00E-03

		1.689		4.03E-04																-1.4385		-3.95E-03

		1.627		4.12E-04																-1.500167		-4.00E-03

		1.5995		0.00039																-1.593		-3.99E-03

		1.537		3.93E-04																-1.651333		-0.003965

		1.507		0.000385																-1.715167		-0.004005

		1.448333		0.00037

		1.419667		4.33E-04

		1.3615		3.97E-04

		1.331833		4.42E-04

		1.271833		3.78E-04

		1.213667		4.38E-04

		1.177833		4.07E-04

		1.12		3.47E-04

		1.091		3.73E-04

		1.0295		3.58E-04

		1		4.07E-04

		0.9415		3.93E-04

		0.9125		4.18E-04

		0.853		4.32E-04

		0.8221667		0.000375

		0.763		4.27E-04

		0.7335		0.00036

		0.6705		0.000385

		0.641		3.58E-04

		0.5795		0.00039

		0.5516667		4.28E-04

		0.4923333		4.18E-04

		0.4635		0.000395

		0.4046667		3.63E-04

		0.3735		4.12E-04

		0.3116667		3.77E-04

		0.2811667		4.43E-04

		0.2193333		4.08E-04

		0.1885		0.000455

		0.132		3.63E-04

		0.0995		3.83E-05

		0.041		-0.00105

		-1.83E-02		-0.001665

		-4.82E-02		-1.71E-03

		-7.87E-02		-1.81E-03

		-0.14		-0.00173

		-0.1975		-0.00167

		-0.2286667		-1.75E-03

		-0.2606667		-1.72E-03

		-0.3201667		-0.00176

		-0.3811667		-1.74E-03

		-0.4111667		-0.00177

		-0.4391667		-1.72E-03

		-0.4971667		-0.001735

		-0.556		-1.76E-03

		-0.5854999		-0.001745

		-0.6473334		-1.77E-03

		-0.6763334		-1.75E-03

		-0.7408333		-1.76E-03

		-0.7708333		-0.00173

		-0.8293333		-1.73E-03

		-0.8625		-0.001715

		-0.92		-1.77E-03

		-0.9783334		-1.77E-03

		-1.01		-1.81E-03

		-1.0385		-0.00176

		-1.0975		-1.75E-03

		-1.1565		-0.00174

		-1.185		-1.73E-03

		-1.2195		-0.00176

		-1.279		-1.77E-03

		-1.341333		-1.77E-03

		-1.371167		-0.00172

		-1.401		-1.73E-03

		-1.458667		-1.79E-03

		-1.516833		-0.00173

		-1.546		-1.69E-03

		-1.609333		-0.00174

		-1.639333		-0.00176

		-1.7015		-1.69E-03

		-1.731		-1.74E-03

		-1.790333		-0.00173

		-1.823		-1.72E-03

		-1.882667		-1.74E-03

		-1.941333		-0.00175

		-1.972		-1.66E-03

		-2.002		-0.001745

		-2.063		-1.78E-03

		-2.125		-0.00177

		-2.1555		-1.78E-03

		-2.188667		-0.0017

		-2.251		-0.001715

		-2.313		-1.72E-03

		-2.343833		-1.74E-03

		-2.375833		-0.001705

		-2.436		-1.72E-03

		-2.494333		-1.73E-03

		-2.5275		-0.00175

		-2.590667		-1.79E-03
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