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A. Introduction

Many engineers and device designers that are fabricating microelectronic, photonic, and Microelectromechanical devices and circuits require silicon wafers cut off-axis to a primary surface.  Surfaces vicinal to the {100}, {111}, and {110} are most common and produced by cutting an on-axis crystal at the appropriate angle. Virginia Semiconductor Incorporated (VSI) can grow crystals of the {111}, {100}, {110}, {211}, {311} crystallographic planes.  Also, VSI can slice the ingot along any axis to produce wafers with surfaces at any position on the stereographic projection.  This paper describes the basic process and descriptions used to cut off-axis wafers.

The typical Integrated Circuit (IC) industry uses off-axis {111} wafers for certain applications in device and circuit fabrication.  There exist SEMI Standards for this classification of {111} wafers, and the related, general, SEMI diagrams for these wafers are given below (Figure 1).  This paper, and VSI customers in general, are not as concerned with specifics of the off-axis {111} wafer, but various specification wafers that are off-axis to any primary surface. One should refer to SEMI M1-0298 if the details of off-axis {111} wafers are of interest.  A general description of the Miller {hkl} planes and Miller <hkl> directions is given in reference [1].
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Figure 1- Figure from SEMI Standards, SEMI M1-0298 that describe

Industry conventions for cutting off-axis (111) wafers.

When VSI slices off-axis wafers from any primary surface, and to the customer specifications the general process described below is used.

B. General Process for Cutting Off-Axis Wafers

Before an off-axis Si, SiGe, or Ge wafer can be produced a stereographic projection is created and,

1. the direction to tilt the wafer is shown on the diagram with an arrow, and

2. the degrees of tilt are shown on the diagram.

Figure 2 is an example stereographic projection used in production for cutting a silicon {100} slice 2 degrees toward the <110> and the flat (note the proper use the generalized bracket notation {}, and <>).  
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Figure 2 Stereographic projection for the {100} with the direction of tilt indicated by a bold arrow,

and the 2 degree tilt identified.

A crystal is grown using the CZ or FZ technique, and to the closest possible primary orientation shown on the center of the stereographic projection.  For this example, the (100) orientation crystal is grown.  After the flats have been properly ground onto the crystal ingot, the saw-operator mounts the ingot on a wafer slicing mounting beam. For this example the primary flat is at the (011).  Flat orientation is verified and recorded using an XRAY diffraction Rocking Curve.   Figure 3 is a top view showing the ingot and the orientation of the flat as well as wafer surface.  The positioning of the saw-blade is also shown in Figure 3.
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Figure 3 Position of Ingot and Saw-Blade During off-axis cutting of a

(100) +2 degrees toward the <110> flat (not drawn to scale).

First, the operator cuts a (100) slice that is (100) +/- the customer tolerance specification (so called orientation slice).  SEMI Standards Specifications are +/- 1 degree, but VSI often will slice wafers with +/- 0.1 degree of tolerance.  The saw-operator verifies the {100} orientation using an XRAY diffractometer to measure the orientation slice; an XRAY rocking curve is produced for the orientation slice.

Then, as shown above, the crystal is rotated on the inner-diameter saw +2 degrees such that the fixed-location blade slices the crystal +2 degrees toward the (011) flat.  Again, the operator measures the degree of miss-cut using and XRAY Rocking Curve.  If the off-axis slice meets customer specification, then the remainder of the crystal is cut.  For tight tolerance slices, several slices may be monitored for proper orientation using the XRAY Rocking Curve.  The same general procedure is used for different primary orientations and off-axis wafer slices.

C. Results and Discussion for Off-Axis (100) Wafers

A set of silicon wafers were cut according to the above general procedure and then measured using the XRAY Diffractometer.  The XRAY Rocking Curves for each slice are shown below (Figures 4-6).  Note that the Orientation Slice is cut precisely to the (100) before the crystal is rotated and cut at either +.25 degrees and toward the flat, or –.25 degrees and away from the flat (as described in Figure 3).
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Figure 4 XRAY Rocking Curve for (100) Si slice.
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Figure 5  XRAY Rocking Curve for (100) +.25 degrees toward the (011) Flat Si slice.
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Figure 6 XRAY Rocking Curve for  (100) -.25 degrees away from the (011) Flat Si Slice.

D. Summary

A general description of how to slice Si, SiGe, and Ge off-axis has been given.  The information given in this paper should be sufficiently accurate for the specification of wafers used in a variety of microelectronic and MEMS applications.

E. References

[1] B.G. Streetman, Solid State Electronics, Third Edition, Chapter 1, Prentice Hall, 1990, ISBN 0-13-822941-4
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		Virginia Semiconductor, Inc.								Last Edited by SHB 3/5/02

		Orientation Analysis By Xray Analysis								Last edited by GHA & SHJ 3/18/02

		**************************************

		Operator:				Keith

		Sample:

		W.O.#:				Test

		Date:				10/17/01

		**************************************

		Standard Values

								Recorded Minutes of rotation at each detector Power																														Analysis Data

												clockwise rocking														counter-clockwise rocking												Average

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		60		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0		Standard 100		0		0		38		0		30		0		26		0		0		-26		0		-31		0		-38				-0.0833333333

				90		Standard 100		0		0		37		0		30		0		26		0		0		-26		0		-31		0		-38				-0.1666666667

						Peak Value =		60

						Closest Orientation  =		100

																																		cw

										clockwise rocking								counter-clockwise rocking												Average				Average

				Rotation		Slice		Peak		20		30		40		60		40		30		20

				0		Standard 100		0		38		30		26		-0.1666666667		-26		-31		-38								-0.1666666667				31.3333333333

				90		Standard 100		0		37		30		26		-0.3333333333		-26		-31		-38								-0.3333333333				31

						Peak Value =		60

						Closest Orientation  =		100

		For (100) orientations the Peak Value must be between 55 and 75 in order to complete analysis accurately

		*************************

		Sample Under Test

								Recorded Minutes of rotation at each detector Power

												clockwise rocking

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		62

				0						0		-37		0		-45		0		-48		0																-21.6666666667

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		50

				90						0		33		0		27		0		21		0																13.5

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

						This sample is		-1.2		o off the				100				and toward the flat

						This sample is		-0.1		o off the				100				and toward the direction 90 degrees to the flat

				Rotation		Slice		Peak		20		30		40		62		40		30		20				Average

				0						-37		-45		-48		-74.6666666667		-101.3333333333		-104.3333333333		-112.3333333333				-74.6666666667

				Rotation		Slice		Peak		20		30		40		50		40		30		20

				90						33		27		21		-4		-29		-35		-41				-4

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

		************************

		Analysis of Standard

						This standard is		100				orientation to within								-0.00		degrees in the direction of the flat

								100				orientation to within								-0.00		degrees in the direction perpendicular to the flat

						This standard must be within 0.2 degrees in order to continue

		*************************

		Analysis of Sample Under Test

						This sample is		-1.2		o off the				100				and toward the flat

						This sample is		-0.1		o off the				100				and toward the direction 90 degrees to the flat
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		Virginia Semiconductor, Inc.								Last Edited by SHB 3/5/02

		Orientation Analysis By Xray Analysis								Last edited by GHA & SHJ 3/18/02

		********************************************

		Operator:				Mike

		Sample:				(100) cut 15' away		right

		W.O.#:				Test

		Date:				10/17/01

		********************************************

		Standard Values						Recorded Minutes of rotation at each detector Power

												clockwise rocking														counter-clockwise rocking

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		60		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0		Standard 100		0				31				28		0		26		0				-25				-27				-30

				90		Standard 100		0				26				24				22		0				-27				-30				-32

				180		Standard 100		0				26				23				21		0				-29				-32				-34

						Peak Value =		60

						Closest Orientation  =		100

												clockwise rocking								counter-clockwise rocking										Average

				Rotation		Slice		Peak		20		30		40		60		40		30		20

				0		Standard 100		0		31		28		26		0.5		-25		-27		-30								0.5

				90		Standard 100		0		26		24		22		-2.8333333333		-27		-30		-32								-2.8333333333

				180		Standard 100		0		26		23		21		-4.1666666667		-29		-32		-34								-4.1666666667

						Peak Value =		60

						Closest Orientation  =		100

		For (100) orientations the Peak Value must be between 50 and 75 in order to complete analysis accurately

						This standard is		100				orientation to within								0.01		degrees in the direction of the flat

								100				orientation to within								-0.05		degrees in the direction perpendicular to the flat

								100				orientation to within								-0.07		degrees in the direction 45 degrees to the flat

						This Standard must be within 0.05 degrees in order to continue

		*************************

		Sample Under Test

								Recorded Minutes of rotation at each detector Power

												clockwise rocking														counter-clockwise rocking

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		62		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0								44		0		43		0		41		16.3333333333				-8				-10				-12

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		50		40-deg		40-min		30-deg		30-min		20-deg		20-min

				90								32				30				27		0				-27				-30				-32		didn't take these

						Peak Value "0" =		60

						Peak Value "90" =		60

						Closest Orientation  =		100

						This sample is		0.26		o off the				100		and toward the flat

						This sample is		0.05		o off the				100		and toward the direction 90 degrees to the flat

				Rotation		Slice		Peak		20		30		40		62		40		30		20				Average

				0						44		43		41		16.3333333333		-8		-10		-12				16.3333333333

				Rotation		Slice		Peak		20		30		40		50		40		30		20

				90						32		30		27		0		-27		-30		-32				0

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

		************************

		Analysis of Standard						Sample:				on/on-3				Date:				17-Oct

						This standard is		100				orientation to within								0.01		degrees in the direction of the flat

								100				orientation to within								-0.05		degrees in the direction perpendicular to the flat

								100				orientation to within								-0.07		degrees in the direction 180 degrees to the flat

						This Standard must be within 0.05 degrees in order to continue

		*************************

		Analysis of Sample Under Test

						This sample is		0.26		o off the				100		and toward the flat

						This sample is		0.05		o off the				100		and toward the direction 90 degrees to the flat
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		Virginia Semiconductor, Inc.										Last Edited by SHB 3/05/02

		Orientation Analysis By Xray Analysis										Last edited by GHA & SHJ 3/18/02

		**************************************

		Operator:				Marty

		Sample:				18r-1

		W.O.#:				Test

		Date:				9/11/01

		**************************************

		Standard Values						Recorded Minutes of rotation at each detector Power

																																						Analysis Data

												clockwise rocking														counter-clockwise rocking												Average

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		60		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0		Standard 100		0				37				33				28		0				-27				-31				-36				0.5714285714

				90		Standard 100		0				36				31				27		0				-28				-32				-36				-0.2857142857

				180		Standard 100		0				36				32				28		0				-26				-32				-35				0.4285714286

						Peak Value =		60

						Closest Orientation  =		100

												clockwise rocking								counter-clockwise rocking										Average

				Rotation		Slice		Peak		20		30		40		60		40		30		20

				0		Standard 100		0		37		33		28		0.6666666667		-27		-31		-36								0.6666666667

				90		Standard 100		0		36		31		27		-0.3333333333		-28		-32		-36								-0.3333333333

				180		Standard 100		0		36		32		28		0.5		-26		-32		-35								0.5

						Peak Value =		60

						Closest Orientation  =		100

		For (100) orientations the Peak Value must be between 55 and 75 in order to complete analysis accurately

		*************************

		Sample Under Test

								Recorded Minutes of rotation at each detector Power

												clockwise rocking														counter-clockwise rocking

				Rotation		Flat		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		62		40-deg		40-min		30-deg		30-min		20-deg		20-min

				Top						0		17		0		12		0		8		-19		0		-45		0		-48		0		-58				-11.0833333333

				Bottom						0		17		0		12		0		8		-19		0		-45		0		-48		0		-58				-11.0833333333

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

						This sample is		-0.32				o off the				100

				Rotation		Slice		Peak		20		30		40		62		40		30		20				Average

				Top						17		12		8		-19		-45		-48		-58				-19

				Bottom						15		10		8		-19.6666666667		-45		-48		-58				-19.6666666667

						Peak Value "0" =		62

						Closest Orientation  =		50

		************************

		Analysis of Standard

						This standard is		100				orientation to within								0.01		degrees in the direction of the flat

								100				orientation to within								-0.00		degrees in the direction perpendicular to the flat

								100				orientation to within								0.01		degrees in the direction 180 degrees to the flat

						This standard must be within 0.05 degrees in order to continue

		*************************

		Analysis of Sample Under Test

						This sample is		-0.32				o off the				100		at the TOP

						This sample is		-0.33				o off the				100		at the Bottom
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		Basic Theory Related to Crystallography, and Xray analysis

		******************************************************************************************************************

		Bragg Equation for diffraction and Detector Angles for Xray analysis

		sin(theta)=(n*Wavelength*(h2+k2+l2)1/2))/(2*lattice spacing)

		For reflections, h,k,l must all be even or all odd

		Also, if even then h+k+l must be a multiple of 4

		Allowable Plane		(h2+k2+l2)		theta		2theta		NOTE

						(wafer Angle)		(detector Angle)

		111		3		14.2		28.4505608137

		220		8		23.7		47.3159750236		same as 110

		311		11		28.1		56.137727188

		400		16		34.6		69.1481263277		same as 100

		331		19		38.2		76.3956242513

		422		24		44.0		88.0510705637		same as 211

		333		27		47.5		94.9738744496

		511		27		47.5		94.9738744496

		440		32		53.4		106.7295682378

		531		35		57.1		114.1121259731

		620		40		63.8		127.5593525356

		533		43		68.5		136.9004469321

		444		48		79.3		158.581619204

		*****************************************************************************************************************

		Angels between planes in Silicon

		First Plane

				H		K		L

		Miller Indice		1		0		0

		Second Plane

				h		k		l

		Miller Indice		1		1		1

				angle =		54.7633730135

		Equation used		angle = (hH+kK+lL)/(SRT((H2+K2+L2)*(h2+k2+l2))

		******************************************************************************************************************

		System

		This system is a Philips X-ray Diffractometer Model 12045 with Goniometers, Xray source, and Geiger Tube-Ionization Meters

		*******************************************************************************************************************

		Plane Separation and Inter-atom Spacings

				d=a/(h2+k2+L2)1/2

		Lattice constant		5.43

				h		k		l

		Miller Indice		1		0		0

				Plane Separation =				5.43

		********************************************************************************************************************





		

		Xray Data

		SHJones

		9/10/01

		Original Test Data by Marty, Arin, Keith

		**************************************

		For 100 wafers the "0" indicates the (110) major flat is to the left and vertical

		For 100 wafers the "90" indicates the (110) major flat is to the top and horizontal																								Minutes		Minutes		Minutes		Minutes

		For 100 wafers the "45" indicates the (110) major flat is horizontal																								1/2 AVE		1/2 AVE		2 point		2 point

		These slice were cut by Marty using the saw indicator to cut off axis toward the flat																								POS. to		NEG. to		test		test

																														POS		NEG

		First Data Set																								Stand.		Stand.

		<100>								Recorded Minutes of rotation at each detector Power

												clockwise rocking								ccw rocking

		Operator		Date		Rotation		Slice		Peak det.		10		20		40		Peak		40		20		10

		Keith		9/17/01		0		Standard 100		60		37		30		25		0		-26		-30		-36		31		-31		33.5		-33

		Keith		9/17/01		90		Standard 100		60		31		27		23		-5		-30		-35		-43		27		-36		29		-39

		Keith		9/17/01		45		Standard 100		60		30		25		25		-6		-33		-38		-46		27		-39		27.5		-42

		Keith		9/17/01		0		test 100- on/on-1		60		37		30		26		-2		-29		-35		-43		0		-5		0		-6

		Keith		9/17/01		90		test 100- on/on-1		60		36		30		26		-3		-28		-33		-48		0		-6		-0.5		-7.5

		Keith		9/17/01		0		test100-18r-1		59		51		46		39		14		-13		-17		-24		15		13		15		12.5

		Keith		9/17/01		90		test100-18r-1		58		36		33		28		-2		-30		-35		-45		2		-6		1		-7

		Keith		9/17/01		0		test100-36r-1										0

		Keith		9/17/01		90		test100-36r-1										0

		Keith		9/17/01		0		test100-54r-1										0

		Keith		9/17/01		90		test100-54r-1										0

		Keith		9/17/01		0		test100-72r-1										0

		Keith		9/17/01		90		test100-72r-1										0

		Keith		9/17/01		0		test100-54r-2										0

		Keith		9/17/01		90		test100-54r-2										0

		Keith		9/17/01		0		test100-36r-2										0

		Keith		9/17/01		90		test100-36r-2										0

		Keith		9/17/01		0		test100-18r-2		58		53		48		45		16.1666666667		-11		-15		-23		18		14		17		14

		Keith		9/17/01		90		test100-18r-2		56		36		30		23		-2.8333333333		-31		-34		-41		-1		-5		-0.5		-4.5

		Keith		9/17/01		0		test 100- on/on-2		60		36		31		27		0.5		-25		-30		-36		1		0		0		0

		Keith		9/17/01		90		test 100- on/on-2		58		35		31		26		-2.3333333333		-30		-35		-41		0		-5		-0.5		-5

										Peak det.		10		20		40				40		20		10

		Keith		9/17/01		0		test100-18L-1		52		15		11		7		-21		-47		-51		-61		-20		-22		-20.5		-23

		Keith		9/17/01		90		test100-18L-1		58		38		31		25		-1.8333333333		-28		-34		-43		1		-4		1		-5.5

		Keith		9/17/01		0		test100-36L-1										0

		Keith		9/17/01		90		test100-36L-1										0

		Keith		9/17/01		0		test100-54L-1										0

		Keith		9/17/01		90		test100-54L-1										0

		Keith		9/17/01		0		test100-72L-1										0

		Keith		9/17/01		90		test100-72L-1										0

		Keith		9/17/01		0		test100-54L-2										0

		Keith		9/17/01		90		test100-54L-2										0

		Keith		9/17/01		0		test100-36L-2										0

		Keith		9/17/01		90		test100-36L-2										0

		Keith		9/17/01		0		test100-18L-2		54		15		12		8		-20.5		-47		-50		-61		-19		-22		-20		-22.5

		Keith		9/17/01		90		test100-18L-2		58		37		30		26		-2.6666666667		-30		-36		-43		0		-6		0		-6.5

		Keith		9/17/01		0		test 100- on/on-3		58		35		31		26		-1.8333333333		-26		-34		-43		0		-4		-0.5		-5.5

		Keith		9/17/01		90		test 100- on/on-3		58		40		32		26		-0.6666666667		-28		-32		-42		2		-3		2.5		-4

		Second Data Set

		<100>								Recorded Minutes of rotation at each detector Power

												clockwise rocking								ccw rocking

		Operator		Date		Rotation		Slice		Peak det.		10		20		40		Peak		40		20		10

				10/11/01		0		Standard 100				46		32		27		0.8333333333		-26		-31		-43

		Keith				90		Standard 100				42		32		27		1.3333333333		-25		-30		-38

						45		Standard 100				42		32		27		1		-26		-29		-40

						0		test 100- on/on-1				35		28		23		-5.3333333333		-31		-37		-50

						90		test 100- on/on-1				42		27		22		-6.6666666667		-34		-40		-57

						0		test100-18r-1				57		48		44		14.6666666667		-12		-18		-31

						90		test100-18r-1				44		28		22		-6.8333333333		-35		-40		-60

						0		test100-36r-1

						90		test100-36r-1

						0		test100-54r-1

						90		test100-54r-1

						0		test100-72r-1

						90		test100-72r-1

						0		test100-54r-2

						90		test100-54r-2

						0		test100-36r-2

						90		test100-36r-2

						0		test100-18r-2				55		47		42		15.5		-10		-14		-27

						90		test100-18r-2				40		28		23		-7.3333333333		-35		-40		-60

						0		test 100- on/on-2				38		29		24		-3.1666666667		-30		-34		-46

						90		test 100- on/on-2				39		28		24		-4.3333333333		-30		-36		-51

						0		test100-18L-1				20		12		7		-20.1666666667		-45		-50		-65

						90		test100-18L-1				39		28		23		-2.6666666667		-26		-32		-48

						0		test100-36L-1

						90		test100-36L-1

						0		test100-54L-1

						90		test100-54L-1

						0		test100-72L-1

						90		test100-72L-1

						0		test100-54L-2

						90		test100-54L-2

						0		test100-36L-2

						90		test100-36L-2

						0		test100-18L-2				18		11		6		-21.5		-46		-56		-62

						90		test100-18L-2				38		29		23		-2.3333333333		-27		-33		-44

						0		test 100- on/on-3				37		31		26		-2.8333333333		-27		-33		-51

						90		test 100- on/on-3				38		28		23		-5.1666666667		-32		-37		-51

		<100>

		Third Data Set

						ENTER THE DETECTOR APPROXIMATE PEAK VALUE (NOT MINUTES)  IN THE FIRST COLUMN

										Recorded Minutes of rotation at each detector Power

												clockwise rocking								ccw rocking

		Operator		Date		Rotation		Slice		Peak det.		10		20		40		Peak		40		20		10

						0		Standard 100		60		38		30		26		-0.1666666667		-26		-31		-38

		Keith		10/16/01		90		Standard 100		60		36		30		25		-0.6666666667		-28		-31		-36

						45		Standard 100		60		38		32		27		0.8333333333		-26		-30		-36

																		0

						0		test 100- on/on-1		60		38		34		29		1.3333333333		-25		-30		-38

						90		test 100- on/on-1		60		42		32		26		-3		-31		-37		-50

						0		test100-18r-1		60		54		48		43		13.5		-15		-20		-29

						90		test100-18r-1		60		37		27		23		-6.6666666667		-34		-38		-55

						0		test100-36r-1		60		73		70		64		36.5		11		6		-5

						90		test100-36r-1		60		40		28		22		-4.8333333333		-33		-36		-50

						0		test100-54r-1		58		88		83		79		51.1666666667		24		20		13

						90		test100-54r-1		58		36		37		22		-5.6666666667		-35		-40		-54

						0		test100-72r-1		60		110		102		98		70.5		42		39		32

						90		test100-72r-1		60		33		27		21		-6.6666666667		-33		-38		-50

						0		test100-54r-2		60		91		85		80		52.3333333333		26		21		11

						90		test100-54r-2		60		34		26		21		-7.8333333333		-35		-40		-53

						0		test100-36r-2		60		73		66		62		34.8333333333		9		5		-6

						90		test100-36r-2		60		38		28		22		-5.3333333333		-32		-38		-50

						0		test100-18r-2		58		55		50		46		18.6666666667		-7		-12		-20

						90		test100-18r-2		60		35		27		23		-6		-31		-38		-52

						0		test 100- on/on-2		58		35		30		25		-3		-30		-35		-43

						90		test 100- on/on-2		60		41		33		28		0.1666666667		-26		-32		-43

																		0

						0		test100-18L-1		56		17		12		8		-19		-45		-48		-58

						90		test100-18L-1		60		34		27		23		-3.8333333333		-28		-35		-44

						0		test100-36L-1		56		1		-5		-11		-37.6666666667		-62		-69		-80

						90		test100-36L-1		58		35		31		27		1.3333333333		-22		-28		-35

						0		test100-54L-1		56		-20		-25		-28		-56.8333333333		-81		-88		-99

						90		test100-54L-1		56		34		30		25		1.8333333333		-21		-26		-31

						0		test100-72L-1		58		-37		-45		-48		-74		-98		-102		-114

						90		test100-72L-1		50		32		28		22		3.8333333333		-11		-22		-26

						0		test100-54L-2		56		-21		-25		-28		-57.5		-85		-88		-98

						90		test100-54L-2		54		35		31		24		2		-20		-25		-33

						0		test100-36L-2		56		1		-5		-11		-37.6666666667		-62		-69		-80

						90		test100-36L-2		58		35		31		27		1.3333333333		-22		-28		-35

						0		test100-18L-2		56		17		12		8		-19		-45		-48		-58

						90		test100-18L-2		60		34		27		23		-3.6666666667		-28		-34		-44

						0		test 100- on/on-3		58		35		30		25		-3		-30		-35		-43

						90		test 100- on/on-3		60		41		33		28		0.1666666667		-26		-32		-43

		Saw Alignment VS Cuts								Minutes

								Cut #		off

								1		-3

								2		-6.7

		Average=		-2.5452941176		minutes		3		-4.8

		STD =		3.728974587		minutes		4		-5.7

		3STD=		11.186923761		minutes		5		-6.7

		3STD=		0.1864487294		degrees		6		-7.8

								7		-5.3

								8		-6

								9		-0.2

								10		-3.8

								11		1.3

								12		1.83

								13		3.8

								14		2

								15		1.3

								16		-3.7

								17		0.2

		Saw Repeatability						1		1.3		-3		4.3

								2		13.5		18.7		5.2

		Average=		1.8571428571		minutes		3		36.5		34.8		1.7

		STD =		2.0807507803		minutes		4		51.2		52.3		1.1

		3STD=		6.2422523408		minutes		5		19		19		0

		3STD=		0.104037539		degrees		6		37.7		37.7		0

								7		56.8		57.5		0.7
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		Virginia Semiconductor, Inc.								Last Edited by SHB 3/5/02

		Orientation Analysis By Xray Analysis								Last edited by GHA & SHJ 3/18/02

		**************************************

		Operator:				Keith

		Sample:

		W.O.#:				Test

		Date:				10/17/01

		**************************************

		Standard Values

								Recorded Minutes of rotation at each detector Power																														Analysis Data

												clockwise rocking														counter-clockwise rocking												Average

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		60		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0		Standard 100		0		0		38		0		30		0		26		0		0		-26		0		-31		0		-38				-0.0833333333

				90		Standard 100		0		0		37		0		30		0		26		0		0		-26		0		-31		0		-38				-0.1666666667

						Peak Value =		60

						Closest Orientation  =		100

																																		cw

										clockwise rocking								counter-clockwise rocking												Average				Average

				Rotation		Slice		Peak		20		30		40		60		40		30		20

				0		Standard 100		0		38		30		26		-0.1666666667		-26		-31		-38								-0.1666666667				31.3333333333

				90		Standard 100		0		37		30		26		-0.3333333333		-26		-31		-38								-0.3333333333				31

						Peak Value =		60

						Closest Orientation  =		100

		For (100) orientations the Peak Value must be between 55 and 75 in order to complete analysis accurately

		*************************

		Sample Under Test

								Recorded Minutes of rotation at each detector Power

												clockwise rocking

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		62

				0						0		-37		0		-45		0		-48		0																-21.6666666667

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		50

				90						0		33		0		27		0		21		0																13.5

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

						This sample is		-1.2		o off the				100				and toward the flat

						This sample is		-0.1		o off the				100				and toward the direction 90 degrees to the flat

				Rotation		Slice		Peak		20		30		40		62		40		30		20				Average

				0						-37		-45		-48		-74.6666666667		-101.3333333333		-104.3333333333		-112.3333333333				-74.6666666667

				Rotation		Slice		Peak		20		30		40		50		40		30		20

				90						33		27		21		-4		-29		-35		-41				-4

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

		************************

		Analysis of Standard

						This standard is		100				orientation to within								-0.00		degrees in the direction of the flat

								100				orientation to within								-0.00		degrees in the direction perpendicular to the flat

						This standard must be within 0.2 degrees in order to continue

		*************************

		Analysis of Sample Under Test

						This sample is		-1.2		o off the				100				and toward the flat

						This sample is		-0.1		o off the				100				and toward the direction 90 degrees to the flat
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		Virginia Semiconductor, Inc.								Last Edited by SHB 3/5/02

		Orientation Analysis By Xray Analysis								Last edited by GHA & SHJ 3/18/02

		********************************************

		Operator:				Mike

		Sample:				(100) cut 15' away		right

		W.O.#:				Test

		Date:				10/17/01

		********************************************

		Standard Values						Recorded Minutes of rotation at each detector Power

												clockwise rocking														counter-clockwise rocking

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		60		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0		Standard 100		0				31				28		0		26		0				-25				-27				-30

				90		Standard 100		0				26				24				22		0				-27				-30				-32

				180		Standard 100		0				26				23				21		0				-29				-32				-34

						Peak Value =		60

						Closest Orientation  =		100

												clockwise rocking								counter-clockwise rocking										Average

				Rotation		Slice		Peak		20		30		40		60		40		30		20

				0		Standard 100		0		31		28		26		0.5		-25		-27		-30								0.5

				90		Standard 100		0		26		24		22		-2.8333333333		-27		-30		-32								-2.8333333333

				180		Standard 100		0		26		23		21		-4.1666666667		-29		-32		-34								-4.1666666667

						Peak Value =		60

						Closest Orientation  =		100

		For (100) orientations the Peak Value must be between 50 and 75 in order to complete analysis accurately

						This standard is		100				orientation to within								0.01		degrees in the direction of the flat

								100				orientation to within								-0.05		degrees in the direction perpendicular to the flat

								100				orientation to within								-0.07		degrees in the direction 45 degrees to the flat

						This Standard must be within 0.05 degrees in order to continue

		*************************

		Sample Under Test

								Recorded Minutes of rotation at each detector Power

												clockwise rocking														counter-clockwise rocking

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		62		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0								48		0		46		0		44		18.8333333333				-6				-8				-11

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		50		40-deg		40-min		30-deg		30-min		20-deg		20-min

				90								33				30				28		2.3333333333				-23				-26				-28		didn't take these

						Peak Value "0" =		60

						Peak Value "90" =		60

						Closest Orientation  =		100

						This sample is		0.31		o off the				100		and toward the flat

						This sample is		0.09		o off the				100		and toward the direction 90 degrees to the flat

				Rotation		Slice		Peak		20		30		40		62		40		30		20				Average

				0						48		46		44		18.8333333333		-6		-8		-11				18.8333333333

				Rotation		Slice		Peak		20		30		40		50		40		30		20

				90						33		30		28		2.3333333333		-23		-26		-28				2.3333333333

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

		************************

		Analysis of Standard						Sample:				on/on-3				Date:				17-Oct

						This standard is		100				orientation to within								0.01		degrees in the direction of the flat

								100				orientation to within								-0.05		degrees in the direction perpendicular to the flat

								100				orientation to within								-0.07		degrees in the direction 180 degrees to the flat

						This Standard must be within 0.05 degrees in order to continue

		*************************

		Analysis of Sample Under Test

						This sample is		0.31		o off the				100		and toward the flat

						This sample is		0.09		o off the				100		and toward the direction 90 degrees to the flat
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Data 100 & 211

		

		Virginia Semiconductor, Inc.										Last Edited by SHB 3/05/02

		Orientation Analysis By Xray Analysis										Last edited by GHA & SHJ 3/18/02

		**************************************

		Operator:				Marty

		Sample:				18r-1

		W.O.#:				Test

		Date:				9/11/01

		**************************************

		Standard Values						Recorded Minutes of rotation at each detector Power

																																						Analysis Data

												clockwise rocking														counter-clockwise rocking												Average

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		60		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0		Standard 100		0				37				33				28		0				-27				-31				-36				0.5714285714

				90		Standard 100		0				36				31				27		0				-28				-32				-36				-0.2857142857

				180		Standard 100		0				36				32				28		0				-26				-32				-35				0.4285714286

						Peak Value =		60

						Closest Orientation  =		100

												clockwise rocking								counter-clockwise rocking										Average

				Rotation		Slice		Peak		20		30		40		60		40		30		20

				0		Standard 100		0		37		33		28		0.6666666667		-27		-31		-36								0.6666666667

				90		Standard 100		0		36		31		27		-0.3333333333		-28		-32		-36								-0.3333333333

				180		Standard 100		0		36		32		28		0.5		-26		-32		-35								0.5

						Peak Value =		60

						Closest Orientation  =		100

		For (100) orientations the Peak Value must be between 55 and 75 in order to complete analysis accurately

		*************************

		Sample Under Test

								Recorded Minutes of rotation at each detector Power

												clockwise rocking														counter-clockwise rocking

				Rotation		Flat		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		62		40-deg		40-min		30-deg		30-min		20-deg		20-min

				Top						0		17		0		12		0		8		-19		0		-45		0		-48		0		-58				-11.0833333333

				Bottom						0		17		0		12		0		8		-19		0		-45		0		-48		0		-58				-11.0833333333

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

						This sample is		-0.32				o off the				100

				Rotation		Slice		Peak		20		30		40		62		40		30		20				Average

				Top						17		12		8		-19		-45		-48		-58				-19

				Bottom						15		10		8		-19.6666666667		-45		-48		-58				-19.6666666667

						Peak Value "0" =		62

						Closest Orientation  =		50

		************************

		Analysis of Standard

						This standard is		100				orientation to within								0.01		degrees in the direction of the flat

								100				orientation to within								-0.00		degrees in the direction perpendicular to the flat

								100				orientation to within								0.01		degrees in the direction 180 degrees to the flat

						This standard must be within 0.05 degrees in order to continue

		*************************

		Analysis of Sample Under Test

						This sample is		-0.32				o off the				100		at the TOP

						This sample is		-0.33				o off the				100		at the Bottom
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		Basic Theory Related to Crystallography, and Xray analysis

		******************************************************************************************************************

		Bragg Equation for diffraction and Detector Angles for Xray analysis

		sin(theta)=(n*Wavelength*(h2+k2+l2)1/2))/(2*lattice spacing)

		For reflections, h,k,l must all be even or all odd

		Also, if even then h+k+l must be a multiple of 4

		Allowable Plane		(h2+k2+l2)		theta		2theta		NOTE

						(wafer Angle)		(detector Angle)

		111		3		14.2		28.4505608137

		220		8		23.7		47.3159750236		same as 110

		311		11		28.1		56.137727188

		400		16		34.6		69.1481263277		same as 100

		331		19		38.2		76.3956242513

		422		24		44.0		88.0510705637		same as 211

		333		27		47.5		94.9738744496

		511		27		47.5		94.9738744496

		440		32		53.4		106.7295682378

		531		35		57.1		114.1121259731

		620		40		63.8		127.5593525356

		533		43		68.5		136.9004469321

		444		48		79.3		158.581619204

		*****************************************************************************************************************

		Angels between planes in Silicon

		First Plane

				H		K		L

		Miller Indice		1		0		0

		Second Plane

				h		k		l

		Miller Indice		1		1		1

				angle =		54.7633730135

		Equation used		angle = (hH+kK+lL)/(SRT((H2+K2+L2)*(h2+k2+l2))

		******************************************************************************************************************

		System

		This system is a Philips X-ray Diffractometer Model 12045 with Goniometers, Xray source, and Geiger Tube-Ionization Meters

		*******************************************************************************************************************

		Plane Separation and Inter-atom Spacings

				d=a/(h2+k2+L2)1/2

		Lattice constant		5.43

				h		k		l

		Miller Indice		1		0		0

				Plane Separation =				5.43

		********************************************************************************************************************





		

		Xray Data

		SHJones

		9/10/01

		Original Test Data by Marty, Arin, Keith

		**************************************

		For 100 wafers the "0" indicates the (110) major flat is to the left and vertical

		For 100 wafers the "90" indicates the (110) major flat is to the top and horizontal																								Minutes		Minutes		Minutes		Minutes

		For 100 wafers the "45" indicates the (110) major flat is horizontal																								1/2 AVE		1/2 AVE		2 point		2 point

		These slice were cut by Marty using the saw indicator to cut off axis toward the flat																								POS. to		NEG. to		test		test

																														POS		NEG

		First Data Set																								Stand.		Stand.

		<100>								Recorded Minutes of rotation at each detector Power

												clockwise rocking								ccw rocking

		Operator		Date		Rotation		Slice		Peak det.		10		20		40		Peak		40		20		10

		Keith		9/17/01		0		Standard 100		60		37		30		25		0		-26		-30		-36		31		-31		33.5		-33

		Keith		9/17/01		90		Standard 100		60		31		27		23		-5		-30		-35		-43		27		-36		29		-39

		Keith		9/17/01		45		Standard 100		60		30		25		25		-6		-33		-38		-46		27		-39		27.5		-42

		Keith		9/17/01		0		test 100- on/on-1		60		37		30		26		-2		-29		-35		-43		0		-5		0		-6

		Keith		9/17/01		90		test 100- on/on-1		60		36		30		26		-3		-28		-33		-48		0		-6		-0.5		-7.5

		Keith		9/17/01		0		test100-18r-1		59		51		46		39		14		-13		-17		-24		15		13		15		12.5

		Keith		9/17/01		90		test100-18r-1		58		36		33		28		-2		-30		-35		-45		2		-6		1		-7

		Keith		9/17/01		0		test100-36r-1										0

		Keith		9/17/01		90		test100-36r-1										0

		Keith		9/17/01		0		test100-54r-1										0

		Keith		9/17/01		90		test100-54r-1										0

		Keith		9/17/01		0		test100-72r-1										0

		Keith		9/17/01		90		test100-72r-1										0

		Keith		9/17/01		0		test100-54r-2										0

		Keith		9/17/01		90		test100-54r-2										0

		Keith		9/17/01		0		test100-36r-2										0

		Keith		9/17/01		90		test100-36r-2										0

		Keith		9/17/01		0		test100-18r-2		58		53		48		45		16.1666666667		-11		-15		-23		18		14		17		14

		Keith		9/17/01		90		test100-18r-2		56		36		30		23		-2.8333333333		-31		-34		-41		-1		-5		-0.5		-4.5

		Keith		9/17/01		0		test 100- on/on-2		60		36		31		27		0.5		-25		-30		-36		1		0		0		0

		Keith		9/17/01		90		test 100- on/on-2		58		35		31		26		-2.3333333333		-30		-35		-41		0		-5		-0.5		-5

										Peak det.		10		20		40				40		20		10

		Keith		9/17/01		0		test100-18L-1		52		15		11		7		-21		-47		-51		-61		-20		-22		-20.5		-23

		Keith		9/17/01		90		test100-18L-1		58		38		31		25		-1.8333333333		-28		-34		-43		1		-4		1		-5.5

		Keith		9/17/01		0		test100-36L-1										0

		Keith		9/17/01		90		test100-36L-1										0

		Keith		9/17/01		0		test100-54L-1										0

		Keith		9/17/01		90		test100-54L-1										0

		Keith		9/17/01		0		test100-72L-1										0

		Keith		9/17/01		90		test100-72L-1										0

		Keith		9/17/01		0		test100-54L-2										0

		Keith		9/17/01		90		test100-54L-2										0

		Keith		9/17/01		0		test100-36L-2										0

		Keith		9/17/01		90		test100-36L-2										0

		Keith		9/17/01		0		test100-18L-2		54		15		12		8		-20.5		-47		-50		-61		-19		-22		-20		-22.5

		Keith		9/17/01		90		test100-18L-2		58		37		30		26		-2.6666666667		-30		-36		-43		0		-6		0		-6.5

		Keith		9/17/01		0		test 100- on/on-3		58		35		31		26		-1.8333333333		-26		-34		-43		0		-4		-0.5		-5.5

		Keith		9/17/01		90		test 100- on/on-3		58		40		32		26		-0.6666666667		-28		-32		-42		2		-3		2.5		-4

		Second Data Set

		<100>								Recorded Minutes of rotation at each detector Power

												clockwise rocking								ccw rocking

		Operator		Date		Rotation		Slice		Peak det.		10		20		40		Peak		40		20		10

				10/11/01		0		Standard 100				46		32		27		0.8333333333		-26		-31		-43

		Keith				90		Standard 100				42		32		27		1.3333333333		-25		-30		-38

						45		Standard 100				42		32		27		1		-26		-29		-40

						0		test 100- on/on-1				35		28		23		-5.3333333333		-31		-37		-50

						90		test 100- on/on-1				42		27		22		-6.6666666667		-34		-40		-57

						0		test100-18r-1				57		48		44		14.6666666667		-12		-18		-31

						90		test100-18r-1				44		28		22		-6.8333333333		-35		-40		-60

						0		test100-36r-1

						90		test100-36r-1

						0		test100-54r-1

						90		test100-54r-1

						0		test100-72r-1

						90		test100-72r-1

						0		test100-54r-2

						90		test100-54r-2

						0		test100-36r-2

						90		test100-36r-2

						0		test100-18r-2				55		47		42		15.5		-10		-14		-27

						90		test100-18r-2				40		28		23		-7.3333333333		-35		-40		-60

						0		test 100- on/on-2				38		29		24		-3.1666666667		-30		-34		-46

						90		test 100- on/on-2				39		28		24		-4.3333333333		-30		-36		-51

						0		test100-18L-1				20		12		7		-20.1666666667		-45		-50		-65

						90		test100-18L-1				39		28		23		-2.6666666667		-26		-32		-48

						0		test100-36L-1

						90		test100-36L-1

						0		test100-54L-1

						90		test100-54L-1

						0		test100-72L-1

						90		test100-72L-1

						0		test100-54L-2

						90		test100-54L-2

						0		test100-36L-2

						90		test100-36L-2

						0		test100-18L-2				18		11		6		-21.5		-46		-56		-62

						90		test100-18L-2				38		29		23		-2.3333333333		-27		-33		-44

						0		test 100- on/on-3				37		31		26		-2.8333333333		-27		-33		-51

						90		test 100- on/on-3				38		28		23		-5.1666666667		-32		-37		-51

		<100>

		Third Data Set

						ENTER THE DETECTOR APPROXIMATE PEAK VALUE (NOT MINUTES)  IN THE FIRST COLUMN

										Recorded Minutes of rotation at each detector Power

												clockwise rocking								ccw rocking

		Operator		Date		Rotation		Slice		Peak det.		10		20		40		Peak		40		20		10

						0		Standard 100		60		38		30		26		-0.1666666667		-26		-31		-38

		Keith		10/16/01		90		Standard 100		60		36		30		25		-0.6666666667		-28		-31		-36

						45		Standard 100		60		38		32		27		0.8333333333		-26		-30		-36

																		0

						0		test 100- on/on-1		60		38		34		29		1.3333333333		-25		-30		-38

						90		test 100- on/on-1		60		42		32		26		-3		-31		-37		-50

						0		test100-18r-1		60		54		48		43		13.5		-15		-20		-29

						90		test100-18r-1		60		37		27		23		-6.6666666667		-34		-38		-55

						0		test100-36r-1		60		73		70		64		36.5		11		6		-5

						90		test100-36r-1		60		40		28		22		-4.8333333333		-33		-36		-50

						0		test100-54r-1		58		88		83		79		51.1666666667		24		20		13

						90		test100-54r-1		58		36		37		22		-5.6666666667		-35		-40		-54

						0		test100-72r-1		60		110		102		98		70.5		42		39		32

						90		test100-72r-1		60		33		27		21		-6.6666666667		-33		-38		-50

						0		test100-54r-2		60		91		85		80		52.3333333333		26		21		11

						90		test100-54r-2		60		34		26		21		-7.8333333333		-35		-40		-53

						0		test100-36r-2		60		73		66		62		34.8333333333		9		5		-6

						90		test100-36r-2		60		38		28		22		-5.3333333333		-32		-38		-50

						0		test100-18r-2		58		55		50		46		18.6666666667		-7		-12		-20

						90		test100-18r-2		60		35		27		23		-6		-31		-38		-52

						0		test 100- on/on-2		58		35		30		25		-3		-30		-35		-43

						90		test 100- on/on-2		60		41		33		28		0.1666666667		-26		-32		-43

																		0

						0		test100-18L-1		56		17		12		8		-19		-45		-48		-58

						90		test100-18L-1		60		34		27		23		-3.8333333333		-28		-35		-44

						0		test100-36L-1		56		1		-5		-11		-37.6666666667		-62		-69		-80

						90		test100-36L-1		58		35		31		27		1.3333333333		-22		-28		-35

						0		test100-54L-1		56		-20		-25		-28		-56.8333333333		-81		-88		-99

						90		test100-54L-1		56		34		30		25		1.8333333333		-21		-26		-31

						0		test100-72L-1		58		-37		-45		-48		-74		-98		-102		-114

						90		test100-72L-1		50		32		28		22		3.8333333333		-11		-22		-26

						0		test100-54L-2		56		-21		-25		-28		-57.5		-85		-88		-98

						90		test100-54L-2		54		35		31		24		2		-20		-25		-33

						0		test100-36L-2		56		1		-5		-11		-37.6666666667		-62		-69		-80

						90		test100-36L-2		58		35		31		27		1.3333333333		-22		-28		-35

						0		test100-18L-2		56		17		12		8		-19		-45		-48		-58

						90		test100-18L-2		60		34		27		23		-3.6666666667		-28		-34		-44

						0		test 100- on/on-3		58		35		30		25		-3		-30		-35		-43

						90		test 100- on/on-3		60		41		33		28		0.1666666667		-26		-32		-43

		Saw Alignment VS Cuts								Minutes

								Cut #		off

								1		-3

								2		-6.7

		Average=		-2.5452941176		minutes		3		-4.8

		STD =		3.728974587		minutes		4		-5.7

		3STD=		11.186923761		minutes		5		-6.7

		3STD=		0.1864487294		degrees		6		-7.8

								7		-5.3

								8		-6

								9		-0.2

								10		-3.8

								11		1.3

								12		1.83

								13		3.8

								14		2

								15		1.3

								16		-3.7

								17		0.2
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		STD =		2.0807507803		minutes		4		51.2		52.3		1.1
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		Virginia Semiconductor, Inc.								Last Edited by SHB 3/5/02

		Orientation Analysis By Xray Analysis								Last edited by GHA & SHJ 3/18/02

		**************************************

		Operator:				Keith

		Sample:

		W.O.#:				Test

		Date:				10/17/01

		**************************************

		Standard Values

								Recorded Minutes of rotation at each detector Power																														Analysis Data

												clockwise rocking														counter-clockwise rocking												Average

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		60		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0		Standard 100		0		0		38		0		30		0		26		0		0		-26		0		-31		0		-38				-0.0833333333

				90		Standard 100		0		0		37		0		30		0		26		0		0		-26		0		-31		0		-38				-0.1666666667

						Peak Value =		60

						Closest Orientation  =		100

																																		cw

										clockwise rocking								counter-clockwise rocking												Average				Average

				Rotation		Slice		Peak		20		30		40		60		40		30		20

				0		Standard 100		0		38		30		26		-0.1666666667		-26		-31		-38								-0.1666666667				31.3333333333

				90		Standard 100		0		37		30		26		-0.3333333333		-26		-31		-38								-0.3333333333				31

						Peak Value =		60

						Closest Orientation  =		100

		For (100) orientations the Peak Value must be between 55 and 75 in order to complete analysis accurately

		*************************

		Sample Under Test

								Recorded Minutes of rotation at each detector Power

												clockwise rocking

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		62

				0						0		-37		0		-45		0		-48		0																-21.6666666667

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		50

				90						0		33		0		27		0		21		0																13.5

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

						This sample is		-1.2		o off the				100				and toward the flat

						This sample is		-0.1		o off the				100				and toward the direction 90 degrees to the flat

				Rotation		Slice		Peak		20		30		40		62		40		30		20				Average

				0						-37		-45		-48		-74.6666666667		-101.3333333333		-104.3333333333		-112.3333333333				-74.6666666667

				Rotation		Slice		Peak		20		30		40		50		40		30		20

				90						33		27		21		-4		-29		-35		-41				-4

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

		************************

		Analysis of Standard

						This standard is		100				orientation to within								-0.00		degrees in the direction of the flat

								100				orientation to within								-0.00		degrees in the direction perpendicular to the flat

						This standard must be within 0.2 degrees in order to continue

		*************************

		Analysis of Sample Under Test

						This sample is		-1.2		o off the				100				and toward the flat

						This sample is		-0.1		o off the				100				and toward the direction 90 degrees to the flat
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		Virginia Semiconductor, Inc.								Last Edited by SHB 3/5/02

		Orientation Analysis By Xray Analysis								Last edited by GHA & SHJ 3/18/02

		********************************************

		Operator:				Mike

		Sample:				(100) cut 15' towards		left

		W.O.#:				Test

		Date:				10/17/01

		********************************************

		Standard Values						Recorded Minutes of rotation at each detector Power

												clockwise rocking														counter-clockwise rocking

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		60		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0		Standard 100		0				31				28		0		26		0				-25				-27				-30

				90		Standard 100		0				26				24				22		0				-27				-30				-32

				180		Standard 100		0				26				23				21		0				-29				-32				-34

						Peak Value =		60

						Closest Orientation  =		100

												clockwise rocking								counter-clockwise rocking										Average

				Rotation		Slice		Peak		20		30		40		60		40		30		20

				0		Standard 100		0		31		28		26		0.5		-25		-27		-30								0.5

				90		Standard 100		0		26		24		22		-2.8333333333		-27		-30		-32								-2.8333333333

				180		Standard 100		0		26		23		21		-4.1666666667		-29		-32		-34								-4.1666666667

						Peak Value =		60

						Closest Orientation  =		100

		For (100) orientations the Peak Value must be between 50 and 75 in order to complete analysis accurately

						This standard is		100				orientation to within								0.01		degrees in the direction of the flat

								100				orientation to within								-0.05		degrees in the direction perpendicular to the flat

								100				orientation to within								-0.07		degrees in the direction 45 degrees to the flat

						This Standard must be within 0.05 degrees in order to continue

		*************************

		Sample Under Test

								Recorded Minutes of rotation at each detector Power

												clockwise rocking														counter-clockwise rocking

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		62		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0								15		0		13		0		11		-14.6666666667				-40				-42				-45

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		50		40-deg		40-min		30-deg		30-min		20-deg		20-min

				90								33				30				28		2.3333333333				-23				-26				-28

						Peak Value "0" =		60

						Peak Value "90" =		60

						Closest Orientation  =		100

						This sample is		-0.25		o off the				100		and toward the flat

						This sample is		0.09		o off the				100		and toward the direction 90 degrees to the flat

				Rotation		Slice		Peak		20		30		40		62		40		30		20				Average

				0						15		13		11		-14.6666666667		-40		-42		-45				-14.6666666667

				Rotation		Slice		Peak		20		30		40		50		40		30		20

				90						33		30		28		2.3333333333		-23		-26		-28				2.3333333333

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

		************************

		Analysis of Standard						Sample:				on/on-3				Date:				17-Oct

						This standard is		100				orientation to within								0.01		degrees in the direction of the flat

								100				orientation to within								-0.05		degrees in the direction perpendicular to the flat

								100				orientation to within								-0.07		degrees in the direction 180 degrees to the flat

						This Standard must be within 0.05 degrees in order to continue

		*************************

		Analysis of Sample Under Test

						This sample is		-0.25		o off the				100		and toward the flat

						This sample is		0.09		o off the				100		and toward the direction 90 degrees to the flat
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		Virginia Semiconductor, Inc.										Last Edited by SHB 3/05/02

		Orientation Analysis By Xray Analysis										Last edited by GHA & SHJ 3/18/02

		**************************************

		Operator:				Marty

		Sample:				18r-1

		W.O.#:				Test

		Date:				9/11/01

		**************************************

		Standard Values						Recorded Minutes of rotation at each detector Power

																																						Analysis Data

												clockwise rocking														counter-clockwise rocking												Average

				Rotation		Slice		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		60		40-deg		40-min		30-deg		30-min		20-deg		20-min

				0		Standard 100		0				37				33				28		0				-27				-31				-36				0.5714285714

				90		Standard 100		0				36				31				27		0				-28				-32				-36				-0.2857142857

				180		Standard 100		0				36				32				28		0				-26				-32				-35				0.4285714286

						Peak Value =		60

						Closest Orientation  =		100

												clockwise rocking								counter-clockwise rocking										Average

				Rotation		Slice		Peak		20		30		40		60		40		30		20

				0		Standard 100		0		37		33		28		0.6666666667		-27		-31		-36								0.6666666667

				90		Standard 100		0		36		31		27		-0.3333333333		-28		-32		-36								-0.3333333333

				180		Standard 100		0		36		32		28		0.5		-26		-32		-35								0.5

						Peak Value =		60

						Closest Orientation  =		100

		For (100) orientations the Peak Value must be between 55 and 75 in order to complete analysis accurately

		*************************

		Sample Under Test

								Recorded Minutes of rotation at each detector Power

												clockwise rocking														counter-clockwise rocking

				Rotation		Flat		Peak		20-deg		20-min		30-deg		30-min		40-deg		40-min		62		40-deg		40-min		30-deg		30-min		20-deg		20-min

				Top						0		17		0		12		0		8		-19		0		-45		0		-48		0		-58				-11.0833333333

				Bottom						0		17		0		12		0		8		-19		0		-45		0		-48		0		-58				-11.0833333333

						Peak Value "0" =		62

						Peak Value "90" =		50

						Closest Orientation  =		100

						This sample is		-0.32				o off the				100

				Rotation		Slice		Peak		20		30		40		62		40		30		20				Average

				Top						17		12		8		-19		-45		-48		-58				-19

				Bottom						15		10		8		-19.6666666667		-45		-48		-58				-19.6666666667

						Peak Value "0" =		62

						Closest Orientation  =		50

		************************

		Analysis of Standard

						This standard is		100				orientation to within								0.01		degrees in the direction of the flat

								100				orientation to within								-0.00		degrees in the direction perpendicular to the flat

								100				orientation to within								0.01		degrees in the direction 180 degrees to the flat

						This standard must be within 0.05 degrees in order to continue

		*************************

		Analysis of Sample Under Test

						This sample is		-0.32				o off the				100		at the TOP

						This sample is		-0.33				o off the				100		at the Bottom
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		Basic Theory Related to Crystallography, and Xray analysis

		******************************************************************************************************************

		Bragg Equation for diffraction and Detector Angles for Xray analysis

		sin(theta)=(n*Wavelength*(h2+k2+l2)1/2))/(2*lattice spacing)

		For reflections, h,k,l must all be even or all odd

		Also, if even then h+k+l must be a multiple of 4

		Allowable Plane		(h2+k2+l2)		theta		2theta		NOTE

						(wafer Angle)		(detector Angle)

		111		3		14.2		28.4505608137

		220		8		23.7		47.3159750236		same as 110

		311		11		28.1		56.137727188

		400		16		34.6		69.1481263277		same as 100

		331		19		38.2		76.3956242513

		422		24		44.0		88.0510705637		same as 211

		333		27		47.5		94.9738744496

		511		27		47.5		94.9738744496

		440		32		53.4		106.7295682378

		531		35		57.1		114.1121259731

		620		40		63.8		127.5593525356

		533		43		68.5		136.9004469321

		444		48		79.3		158.581619204

		*****************************************************************************************************************

		Angels between planes in Silicon

		First Plane

				H		K		L

		Miller Indice		1		0		0

		Second Plane

				h		k		l

		Miller Indice		1		1		1

				angle =		54.7633730135

		Equation used		angle = (hH+kK+lL)/(SRT((H2+K2+L2)*(h2+k2+l2))

		******************************************************************************************************************

		System

		This system is a Philips X-ray Diffractometer Model 12045 with Goniometers, Xray source, and Geiger Tube-Ionization Meters

		*******************************************************************************************************************

		Plane Separation and Inter-atom Spacings

				d=a/(h2+k2+L2)1/2

		Lattice constant		5.43

				h		k		l

		Miller Indice		1		0		0

				Plane Separation =				5.43

		********************************************************************************************************************





		

		Xray Data

		SHJones

		9/10/01

		Original Test Data by Marty, Arin, Keith

		**************************************

		For 100 wafers the "0" indicates the (110) major flat is to the left and vertical

		For 100 wafers the "90" indicates the (110) major flat is to the top and horizontal																								Minutes		Minutes		Minutes		Minutes

		For 100 wafers the "45" indicates the (110) major flat is horizontal																								1/2 AVE		1/2 AVE		2 point		2 point

		These slice were cut by Marty using the saw indicator to cut off axis toward the flat																								POS. to		NEG. to		test		test

																														POS		NEG

		First Data Set																								Stand.		Stand.

		<100>								Recorded Minutes of rotation at each detector Power

												clockwise rocking								ccw rocking

		Operator		Date		Rotation		Slice		Peak det.		10		20		40		Peak		40		20		10

		Keith		9/17/01		0		Standard 100		60		37		30		25		0		-26		-30		-36		31		-31		33.5		-33

		Keith		9/17/01		90		Standard 100		60		31		27		23		-5		-30		-35		-43		27		-36		29		-39

		Keith		9/17/01		45		Standard 100		60		30		25		25		-6		-33		-38		-46		27		-39		27.5		-42

		Keith		9/17/01		0		test 100- on/on-1		60		37		30		26		-2		-29		-35		-43		0		-5		0		-6

		Keith		9/17/01		90		test 100- on/on-1		60		36		30		26		-3		-28		-33		-48		0		-6		-0.5		-7.5

		Keith		9/17/01		0		test100-18r-1		59		51		46		39		14		-13		-17		-24		15		13		15		12.5

		Keith		9/17/01		90		test100-18r-1		58		36		33		28		-2		-30		-35		-45		2		-6		1		-7

		Keith		9/17/01		0		test100-36r-1										0

		Keith		9/17/01		90		test100-36r-1										0

		Keith		9/17/01		0		test100-54r-1										0

		Keith		9/17/01		90		test100-54r-1										0

		Keith		9/17/01		0		test100-72r-1										0

		Keith		9/17/01		90		test100-72r-1										0

		Keith		9/17/01		0		test100-54r-2										0

		Keith		9/17/01		90		test100-54r-2										0

		Keith		9/17/01		0		test100-36r-2										0

		Keith		9/17/01		90		test100-36r-2										0

		Keith		9/17/01		0		test100-18r-2		58		53		48		45		16.1666666667		-11		-15		-23		18		14		17		14

		Keith		9/17/01		90		test100-18r-2		56		36		30		23		-2.8333333333		-31		-34		-41		-1		-5		-0.5		-4.5

		Keith		9/17/01		0		test 100- on/on-2		60		36		31		27		0.5		-25		-30		-36		1		0		0		0

		Keith		9/17/01		90		test 100- on/on-2		58		35		31		26		-2.3333333333		-30		-35		-41		0		-5		-0.5		-5

										Peak det.		10		20		40				40		20		10

		Keith		9/17/01		0		test100-18L-1		52		15		11		7		-21		-47		-51		-61		-20		-22		-20.5		-23

		Keith		9/17/01		90		test100-18L-1		58		38		31		25		-1.8333333333		-28		-34		-43		1		-4		1		-5.5

		Keith		9/17/01		0		test100-36L-1										0

		Keith		9/17/01		90		test100-36L-1										0

		Keith		9/17/01		0		test100-54L-1										0

		Keith		9/17/01		90		test100-54L-1										0

		Keith		9/17/01		0		test100-72L-1										0

		Keith		9/17/01		90		test100-72L-1										0

		Keith		9/17/01		0		test100-54L-2										0

		Keith		9/17/01		90		test100-54L-2										0

		Keith		9/17/01		0		test100-36L-2										0

		Keith		9/17/01		90		test100-36L-2										0

		Keith		9/17/01		0		test100-18L-2		54		15		12		8		-20.5		-47		-50		-61		-19		-22		-20		-22.5

		Keith		9/17/01		90		test100-18L-2		58		37		30		26		-2.6666666667		-30		-36		-43		0		-6		0		-6.5

		Keith		9/17/01		0		test 100- on/on-3		58		35		31		26		-1.8333333333		-26		-34		-43		0		-4		-0.5		-5.5

		Keith		9/17/01		90		test 100- on/on-3		58		40		32		26		-0.6666666667		-28		-32		-42		2		-3		2.5		-4

		Second Data Set

		<100>								Recorded Minutes of rotation at each detector Power

												clockwise rocking								ccw rocking

		Operator		Date		Rotation		Slice		Peak det.		10		20		40		Peak		40		20		10

				10/11/01		0		Standard 100				46		32		27		0.8333333333		-26		-31		-43

		Keith				90		Standard 100				42		32		27		1.3333333333		-25		-30		-38

						45		Standard 100				42		32		27		1		-26		-29		-40

						0		test 100- on/on-1				35		28		23		-5.3333333333		-31		-37		-50

						90		test 100- on/on-1				42		27		22		-6.6666666667		-34		-40		-57

						0		test100-18r-1				57		48		44		14.6666666667		-12		-18		-31

						90		test100-18r-1				44		28		22		-6.8333333333		-35		-40		-60

						0		test100-36r-1

						90		test100-36r-1

						0		test100-54r-1

						90		test100-54r-1

						0		test100-72r-1

						90		test100-72r-1

						0		test100-54r-2

						90		test100-54r-2

						0		test100-36r-2

						90		test100-36r-2

						0		test100-18r-2				55		47		42		15.5		-10		-14		-27

						90		test100-18r-2				40		28		23		-7.3333333333		-35		-40		-60

						0		test 100- on/on-2				38		29		24		-3.1666666667		-30		-34		-46

						90		test 100- on/on-2				39		28		24		-4.3333333333		-30		-36		-51

						0		test100-18L-1				20		12		7		-20.1666666667		-45		-50		-65

						90		test100-18L-1				39		28		23		-2.6666666667		-26		-32		-48

						0		test100-36L-1

						90		test100-36L-1

						0		test100-54L-1

						90		test100-54L-1

						0		test100-72L-1

						90		test100-72L-1

						0		test100-54L-2

						90		test100-54L-2

						0		test100-36L-2

						90		test100-36L-2

						0		test100-18L-2				18		11		6		-21.5		-46		-56		-62

						90		test100-18L-2				38		29		23		-2.3333333333		-27		-33		-44

						0		test 100- on/on-3				37		31		26		-2.8333333333		-27		-33		-51

						90		test 100- on/on-3				38		28		23		-5.1666666667		-32		-37		-51

		<100>

		Third Data Set

						ENTER THE DETECTOR APPROXIMATE PEAK VALUE (NOT MINUTES)  IN THE FIRST COLUMN

										Recorded Minutes of rotation at each detector Power

												clockwise rocking								ccw rocking

		Operator		Date		Rotation		Slice		Peak det.		10		20		40		Peak		40		20		10

						0		Standard 100		60		38		30		26		-0.1666666667		-26		-31		-38

		Keith		10/16/01		90		Standard 100		60		36		30		25		-0.6666666667		-28		-31		-36

						45		Standard 100		60		38		32		27		0.8333333333		-26		-30		-36

																		0

						0		test 100- on/on-1		60		38		34		29		1.3333333333		-25		-30		-38

						90		test 100- on/on-1		60		42		32		26		-3		-31		-37		-50

						0		test100-18r-1		60		54		48		43		13.5		-15		-20		-29

						90		test100-18r-1		60		37		27		23		-6.6666666667		-34		-38		-55

						0		test100-36r-1		60		73		70		64		36.5		11		6		-5

						90		test100-36r-1		60		40		28		22		-4.8333333333		-33		-36		-50

						0		test100-54r-1		58		88		83		79		51.1666666667		24		20		13

						90		test100-54r-1		58		36		37		22		-5.6666666667		-35		-40		-54

						0		test100-72r-1		60		110		102		98		70.5		42		39		32

						90		test100-72r-1		60		33		27		21		-6.6666666667		-33		-38		-50

						0		test100-54r-2		60		91		85		80		52.3333333333		26		21		11

						90		test100-54r-2		60		34		26		21		-7.8333333333		-35		-40		-53

						0		test100-36r-2		60		73		66		62		34.8333333333		9		5		-6

						90		test100-36r-2		60		38		28		22		-5.3333333333		-32		-38		-50

						0		test100-18r-2		58		55		50		46		18.6666666667		-7		-12		-20

						90		test100-18r-2		60		35		27		23		-6		-31		-38		-52

						0		test 100- on/on-2		58		35		30		25		-3		-30		-35		-43

						90		test 100- on/on-2		60		41		33		28		0.1666666667		-26		-32		-43

																		0

						0		test100-18L-1		56		17		12		8		-19		-45		-48		-58

						90		test100-18L-1		60		34		27		23		-3.8333333333		-28		-35		-44

						0		test100-36L-1		56		1		-5		-11		-37.6666666667		-62		-69		-80

						90		test100-36L-1		58		35		31		27		1.3333333333		-22		-28		-35

						0		test100-54L-1		56		-20		-25		-28		-56.8333333333		-81		-88		-99

						90		test100-54L-1		56		34		30		25		1.8333333333		-21		-26		-31

						0		test100-72L-1		58		-37		-45		-48		-74		-98		-102		-114

						90		test100-72L-1		50		32		28		22		3.8333333333		-11		-22		-26

						0		test100-54L-2		56		-21		-25		-28		-57.5		-85		-88		-98

						90		test100-54L-2		54		35		31		24		2		-20		-25		-33

						0		test100-36L-2		56		1		-5		-11		-37.6666666667		-62		-69		-80

						90		test100-36L-2		58		35		31		27		1.3333333333		-22		-28		-35

						0		test100-18L-2		56		17		12		8		-19		-45		-48		-58

						90		test100-18L-2		60		34		27		23		-3.6666666667		-28		-34		-44

						0		test 100- on/on-3		58		35		30		25		-3		-30		-35		-43

						90		test 100- on/on-3		60		41		33		28		0.1666666667		-26		-32		-43

		Saw Alignment VS Cuts								Minutes

								Cut #		off

								1		-3

								2		-6.7

		Average=		-2.5452941176		minutes		3		-4.8

		STD =		3.728974587		minutes		4		-5.7

		3STD=		11.186923761		minutes		5		-6.7

		3STD=		0.1864487294		degrees		6		-7.8

								7		-5.3

								8		-6

								9		-0.2

								10		-3.8

								11		1.3

								12		1.83

								13		3.8

								14		2

								15		1.3

								16		-3.7

								17		0.2

		Saw Repeatability						1		1.3		-3		4.3

								2		13.5		18.7		5.2

		Average=		1.8571428571		minutes		3		36.5		34.8		1.7

		STD =		2.0807507803		minutes		4		51.2		52.3		1.1

		3STD=		6.2422523408		minutes		5		19		19		0

		3STD=		0.104037539		degrees		6		37.7		37.7		0

								7		56.8		57.5		0.7
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Saw Tracking (min.)

Slice #

off axis (min.)

Saw Tracking (min.) Over 17  cuts
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