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JEITA EM-3501

Standard of Japan Electronics and Information Technology Industries Association

Standard methods for determining the orientation of a
semiconductor silicon single crystal

1. Scope This standard specifies the standard methods for determining the orientation of a cut surface of a silicon

single crystal wafer or a bar single crystal.

2. Measurement method The measurement method shall be either an X-ray diffraction method or a light figure
method. The accuracy of the former method shall be within +15', and that of the latter method shall be about =30'.

3. Xray diffraction method
3.1 Measurement principle The Bragg’s condition about incident and reflected of the X-rays to a crystal surface
(hkl V) is used, and the inclination of the cut surface to be measured, from the above-mentioned crystal surface (hkl) is

obtained.

Note (" hkl is a Miller index.

Remark In this standard, a crystal plane and a direction are indicated as follows.

Generic name Individual name
Plane {7 ()
Direction < > [ ]

3.1.1 Bragg’s condition When the incident X-rays into a crystal meet the following Bragg’s condition, the reflective
intensity of X-rays becomes the maximum.
2dsinf =nA

where, d is the interval of plane of reflection (hkl), 6 is Bragg angle, A is the wave length of X-rays, and n is an integer.

Ing; {or
dent X-rayg w-rays o a 4e”
\\ 0 A 0 M

lf T e —
[/
Cristal surface Z

NB=BM=d sin 0
NB+BM=n A
nA=2dsn6

Fig.1 Incidence and reflection of the X-rays on a crystal plane
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3.1.2 Angle of Reflection and Bragg angle Table1 shows the surface interval d of plane of reflection (hkl) usually
used, and Bragg angle 6 that corresponds to that plane of reflection (hkl) when a copper target is used. It shows also the

relation between the actual cut surface and the plane of reflection, as well as the relative intensity of plane of reflection.

Table1l Braggangle 6 and reflective intensity when the CuKa line is used

(A=15418A)

Cut Plane of Plane iqterval d Bra e 0 Rglatgfe
surface reflection (A) gg angle retiective
mtensity
(111) (111) 3.13%4 14°14' 100
(110) (220) 1.9200 23°40' 65
(311 (311) 1.6374 28°05' 32
(100) (400) 1.3576 34°36' 31
331 (331 1.2459 38°13' 18
211) (422) 1.1085 44°04' 18

Remark Reflective intensity in the case of a perfect single crystal is shown.

3.2 Measurement equipment The X-rays generator equipped with the copper target tube is used. In order to obtain
the parallel X ray beam, a slit is used. In order to obtain monochromatic X rays, a thin nickel filter is used. This

arrangement is shown in Fig.2.

Slit
(@

X-ray source X-ray detector

0\

Specimen crystal(which rotates around the axis P)

Cu target

The nickel filter may be placed at either position of (a) or (b).
The axis P is an axis perpendicular to this sheet of paper at the point P

Fig.2 Xray diffraction method measurement equipment

A specimen holder shall be so constructed as to hold the cut surface to be measured, perpendicularly to the plane that
contains the incident and reflective X-rays. It shall rotate around the axis P that lies on the cut surface. It shall indicate the
rotation angle in the unit of minute for reading.

A detector shall be usually a device to measure X-ray intensity, such as a Geiger Muller tube, a proportional counter tube,

a scintillation counter etc.
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3.3 Measurement procedure

(@ Fix the cut surface onto a specimen holder. Place a detector so that the following condition may be satisfied. Namely; the
angle that is formed by a line connecting the detector and the rotation angle of specimen, and an extension line of incident
X-rays must be double of Bragg angle. In this case, place the incident X-rays, reflective X-rays, the measurement position of
cut surface and the detector on the same plane.

(b) As shown in Fig.2, place the specimen holder so that the angle formed by the cut surface to be measured and the
incident X-rays direction becomes Bragg angle 6. Then, perform incidence of X-rays.

() Rotate the cut surface so that the reflective intensity may become the maximum around the rotation axis P. The
rotation angle from the setting position of (b) shallbe «.
If the zero point of equipment is not yet adjusted, rotate the specimen by 180 ° around the axis that is the normal of
cut surface, and make measurement again. The measured value shall be 1/2 of the difference of both.

(d) Rotate the specimen by 90 ° around the axis that is the normal of cut surface, and make a similar measurement as
(¢). The rotation angle from the setting position of (b) shallbe (.

() Use the measured values of @, 8 and obtain the maximum inclination ¢ from the crystal plane that is a
reference of cut surface by the following formula.

tan® ¢ =tan’ @ +tan” 3
However, when « and [ are smaller than 5 °, this formula can be simplified as follows.

d)2= a2+ BZ

4. Light figure method

4.1 Measurement principle Use the measurement equipment as shown in Fig.3. Project a beam of light at the right
angle to the cut surface that was subjected to alkali etching. Project the reflective light onto a screen that is perpendicular to
the incident light. Then, according to the crystal orientation of cut surface, it is possible to obtain the light figure pattern as
shown in Fig.4. If the cut surface inclines from the crystal plane (hkl) that is a reference, then the position of pattern on the
screen is determined according to the inclination as shown in Fig.5. It is possible to obtain the inclination from the crystal
plane (hkl), from this position.

Projection screen

P
— —
Light source — = Specimen
e
Small hole / .
Specimen

holder

Fig.3 Light figure method measurement equipment
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X+

(111) (100) (110)

Fig.4 Lightfigure pattern of cut surface

Ys

Light beam

Xs

/“\
—

Y

Fig.5 Measurement principle by light figure method

4.2 Measurement equipment  As shown in Fig.3, measurement equipment consists of a light source, a projection screen,
and a specimen holder. The light source generates parallel light beam of diameter of 3mm or less. A projection screen has a
small hole through which the incident light passes, and it shall be placed so that the reflective light from a cut surface may be
projected. A specimen holder shall keep the cut surface of specimen at the right angle to the incident light, and it shall rotate

around two axes that are perpendicular each other on the cut surface. The rotation angle shall be read in the unit of minute.

4.3 Preparation of specimen Grind a specimen surface by the 25 to 50 /2 m coarse abrasive grain, then etch the

surface at 80 = 10 ° C for 5 to 10 minutes by using sodium hydroxide water solution (15 to 30 weight %).

4.4 Measurement procedure

(@) Project alight beam at the right angle onto a cut surface, and make a light figure pattern on a screen.

(b) When the cut surface inclines from the crystal plane (hkl) , the center P’ of light figure pattern does not agree to a
small hole on the screen, as shown in Fig.5.

() Rotate a cut surface around the two orthogonal axes, XX' and YY'. Set XsX's and YsY's on the screen plane in

parallel to XX' and YY', respectively. They must pass point P’.

4
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(d) Rotate a cut surface around YY'. Bring P' onto YsY's. The rotation angle at this time shallbe «.

(e) Return a specimen surface to the setting position of (c) again, rotate it around XX/, and bring P' onto XsX's. The
rotation angle at this time shallbe (3.

If the zero point of equipment is not yet adjusted, perform as follows. Make the first measurement. Rotate further
the specimen by 180 ° around the axis that is perpendicular to the cut surface. Make a similar measurement and
obtain the average of both.

(f) Use the measured values of @, [ and obtain the maximum inclination ¢ of the cut surface from the specified

crystal plane (hkl) in the same manner as the x-ray diffraction method.

5. Indication method Indication method shall use the arrangement in Fig.6 as a reference and show the relation of a
crystal-facet line, etch pit, and a light figure pattern.
A top surface means the surface where crystal growth occurs, and a tail surface means its opposite side. Concerning
the indices of crystal plane of a top and a tail, a top side shall be positive as follows.
Top side (111), (100)
Tail side (111), (100)

(111)—|

I : (T10) (110)

(110) Bar single crystal

Ys Wafer
Light figure pattern

Fig.6 Relation of a light figure pattern, etch pits, and crystal facet lines at (111)

Remark Inthe SEMI standard, a crystal-growth surface is defined as a reference surface. Therefore, concerning the
indices of crystal plane of a top and a tail, a top side shall be negative as follows.
Topside (111),(100)
Tail side (111), (100)
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5.1 Orientation flat (hereinafter abbreviated as OF) OF specifies (100) and (111), which are mainly used. There are
four kinds of (111), and one kind of (100).

Seen from a top surface, if a crystal-habit line, an etch pit, and a beam-of-light pattern are positioned as shown in Fig.6,
OF position shall be indicated as a reference.

This indication is as per OF classification indication shown in Table2. However, unless otherwise specified, general

indication may be used.

Y(110) Y (170) Y (170)

(113) (111 Jit12) (111) JiT12)  \ (111) /(112)
(112) (112
N = B
I 1 it
Y'(110) Yi110) Yi110)
Y Y(011)

—
—
—|
o
—

>—

>
/ < I," [ |\\\
X >— X X< 1y X
[112}\(111) //I[TTN (011) ‘\‘ (100)//[ 11)
P> >
v

(110) (011)

Remark 1 A - B is adirection of the etch pit seen from the seed side.
2 A shows crystal-habit line.

Fig.7 Classification of OF

Moreover, in Fig.7, inclinations of OF processing surface from the specified crystal plane (hkl) are noted. Among these,

the inclination component 7 of the direction around the axis Z that is perpendicular to XY shall be a deviation angle.
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Table2 Classification indication table of OF

OF surface Note
Crystallographic
indication
110)
(101) I
(101)

(110)
<111> (110)-2 (101) I
011)

(112)
121) m
(211)

(112)
211)-2 (121) v
@11)

(011)
(011)
(011)
(011)

Crystal axis

orientation Classification

ndication General indication No. of figure

(110)-1 (110}

(211)-1 (211}

<100> (110 {110}

5.2 Inclination of cut surface

(1) Measurement method
An X-rays method or a light figure method

(2) Specification of an OF and a notch (datum plane)
When there is specification of the direction of off-orientation, OF and notch shall be specified by the
individual name of plane or orientation.

(8) Specification of off orientation
When there is specification of the direction of off-orientation, inclination of off orientation from (hkl) and an angle

shall be specified.

Example Indication
In case of (111) wafer
OF position: ~ [110]
Off-orientation [112] 4.0°+05°
[110] 0°=*05°
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Fig. 8 shows an example of a wafer with (110),, OF that has an inclination surface from (111) to [112] direction (=toward
nearest <001> direction in a plane parallel to a primary flat).

Off-orientation
direction
[TT 2]

[BULIOU JOJEA\

Fig.8 Example of indication of off-orientation

Cross section with off-orientation (111) wafer seed side that is inclined in parallel to OF (110) to [112] direction

(=toward nearest <001> direction in a plane parallel to a primary flat) facing upward, and OF (110) facing toward you.

In order to cut the above-mentioned wafer from [111] crystal, incline [111] toward [112] and slice it.
Crystal axis

[111]

Wafer normal

Incline Toward [112]
direction

Slice surface

Fig9 Conceptual illustration when [111] crystallographic axis is sliced toward [112] direction

by the specified inclination angle
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In addition, in the case of a wafer (111), OF is set to (110)-; or (110)—, , and the direction of off-orientation is set to the

direction parallel to OE Then, as shown in the stereographic projection figure and Fig.10, the direction of etch pits shows

the same direction at the front and back of wafer, and the pattern shift at epi becomes the same direction. So, even if the
grinding surface of wafer is not specified, there is no problem.

[1T0]
Front-surface side Rear-surface side

The relation of inclination of pit and wafer as well as OF position become the same
at the front and back. So, the pattern shift at epi does not change on the front and back.

Fig.10 In case of (111) wafer, when OF is [110] and off-orientation is [112]

However, depending on how to take OF and how to take off-orientation, the pattern shift of epi differs on the front and

back, and other problems occur. Therefore, in such a case, it is necessary to give the 2nd OF etc. and specify the surface
for grinding surface or epi surface.

Iole

Front-surface side Back-surface side

The relation of inclination of a pit and a wafer is the same on the front and back.
But, the relation with OF position becomes reverse and the pattern shifts at epi is
different on the front and back. Therefore, it is necessary to specify the front and back.

Fig.11 Thisis a case of (111) wafer, where OF is [112], and off-orientation is [112]
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Note® Off-orientation is often specified, like in this standard (Fig.8), by specifying by the direction and angle of
inclination of wafer surface. But, in some cases, as shown in Fig.9, the inclination of crystal axis is specified

with [hkl] being taken as a reference. Both are different, so it is necessary to be cautious of expression.

5.3 Indication of measurement result

A measurement result is indicated as follows, for example.

Table3 Example of indication of measurement resuilt

Example 1 Example 2 Example 3
(1) Measurement method X-rays method X-rays method X-rays method
(2) Crystal plane (111) (100) (111
(3) Inclination ¢ =0°32' ¢ =321 ¢ =3°04'
o =3020l (Xl) a =20507 (Xv)
(4) Inclination component
B =0"15'(Y) B =1°10'(Y')
(110) (110)-
G)OF '
7 =15 7 =1°20

Remark When there is no special problem, it is not necessary to specify a direction.

5.4 Comparison of JEITA standards and European/American standards JEITA standards specify that the top
surface of a silicon single crystal shall be (111), (100). On the other hand, the European and American standards (SEMI
standards) etc. specify that the crystal-growth side (tail surface) shall be a datum plane such as (111), (100) etc.

The relation of both is shown in a stereographic projection figure as follows.

10
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In the figure, A and B show how an etch pit appears. The triangular part that comes out to the outside of a circle
shows the crystal-habit line. The petal shows the direction of light figure made by the reflection from a wafer side, when
light is hit to a wafer side.

Here you should note the following. In case of {111} wafer, taking of a datum plane differs between JEITA and
European and American standards (SEMI standards), etc. So, the relation of the pit shape (111) and the three
crystal-habit lines that appear noticeably is reverse between both. In case of JEITA, the top surface is (111). So, the
relation of the pit shape (111) and the three crystal-habit lines that appear noticeably are opposite. In Europe and
American standards etc., the growth tail surface is (111). So, the pit shape (111) and the three crystal-habit lines that
appear noticeably have the same orientation.

Therefore, in the case of a wafer where 2nd OF etc. is given and the front and back surfaces are specified, it is
necessary to be cautious of the polishing surfaces. When (111) polishing surface is referred to, it means the top side of
single crystal in the case of JEITA, while the same reference means the tail surface of silicon single crystal in the case of
European and American (SEMI) etc. It is also necessary to pay attention to a way of taking the 2nd OE off-orientation of a

wafer, etc.
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Explanation for Standard methods for determining the orientation of a semiconductor
silicon single crystal

The following description have been compiled to describe the matters provided in the standard proper and their

associated matters, and is not part of the standard.

1. Scope This standard was limited to the measurement method of the crystal orientation of a single crystal cut
surface. In order to determine the single crystal bar axis, you should form the outer shape of single crystal bar by
cylindrical grinding, determine the bar axis, use suitable jigs, and apply the measurement equipment and measurement

method specified in this standard. Then, you can determine the crystal orientation of that bar axis.

2. Measurement method As a measurement method, an X-ray diffraction method is mainly used, and a light figure
method is subordinate to some extent. However, a light figure method can be performed by relatively simple equipment.
When the measured values are not directly needed, for example, it can be combined with a single crystal cutter, and a
single crystal bar is cut. Then, it is possible to determine the required crystal axis. Thus, it is a practical method, and it

was also specified as a measurement method.

3. X-ray Diffraction Method
(1) Relative reflective intensity
The calculated value is shown for the case of a perfect single crystal. The integral reflection ofa CuK ¢« line was
calculated by using the following formula.

_ K2 (e /mc2)|F'H|e_M R

RH ’ 1/2
7z|b| V'sin26,
K : Polarization factor
A : Wave length of X-rays

emc® : Classical electron radius
| FH| : Structure factor

eM :  Debye-Waller factor

\ : Volume of a unit cell

Oy : Braggangle

b : At the time of symmetrical reflection, b=—1
R'H :  Integral reflection

Remark Zachariasen : Theory of X-ray Diffraction in Crystals (John Wiley & Sons, New York '45)
14
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(2) A measurement procedure and formula

Depending on the measurement procedure, there are two formulas to calculate the inclination ¢. In this
standard, as shown in the main text, it follows

tan® ¢ =tan’ @ +tan’ 8
In this case, measurement of @ and (3 applies to the case of procedure where operation is done from the
setting position of 3.3 (b). From the setting position of 3.3 (b), « is measured first and it does not return to the
setting position of 3.3 (b). This is followed by procedure 3.3 (d), namely the specimen surface is rotated by 90 °
and the measured value (3 is obtained. In this case, the calculation formula is as follows.

cos ¢ =cos & *cos 3’
In either case, the value of ¢is correct,but 3 and [’ are not strictly equal. If the usually used « and (8 are
smaller than 5°, then the approximation formula is valid as follows.

oi= a*+ B?
Therefore, in practice, you need not return the operationof @ and S to the setting position of 3.3 (b). You may

continue to an operation of 3.3(d). If & and 3 are smaller than 5°, there is no problem practically.

4. Light figure method A measurement procedure and formula are the same as the case of an X-ray diffraction
method. When you want to obtain only the inclination angle ¢, at the measurement procedure 4.4(c), rotate the cut
surface around the axis that is perpendicular to the incident light. Bring the light figure pattern onto XsX's. The rotation
angle from this position to the position where the center of light figure pattern agrees to P, is the inclination angle. Thus,

measurement is simplified.

5. Indication method There are several methods to take the crystal orientation of flat and to indicate inclination of
off-orientation. The references are the light figure pattern, the shape of etch pits, and the crystal-habit line. (In this case, it
is necessary to differentiate the top and tail surfaces of a crystal). A typical example is shown.

In Fig. 5 of the main text, with OF upward, the light figure on the screen was dealt with. The figures seen from the
crystal side are shown below. (The shape of wafer only shows that OF is upward. There is nothing on the screen.)

(30'clock] (90'clock)

(110)— (110)-,
Explanation Fig.1
15
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Example Clock indication of OF
In the case of the single crystal of {111} orientation, there are two kinds of methods of specifying the orientation flat of
{110}. As a classification method of this case, clock indication is sometimes used.
As shown in Explanation Fig. 1, OF is placed upward horizontally, and the light figure pattern is seen. According to
the orientation of the petal of the horizontal direction, differentiation of “3 o’clock” or “9 o’clock” is made.
In this standard, correspondence is as follows.
“3 o’clock” (110)—,
“9 o’clock” (110)-,
In this indication method, the shape of etch pits can be used.
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In the case

T

(110)

(111)  Seed end (a) (111) Tail end (b)

JEITA EM-3501

of JEITA standard

(100) Seed end (a) (100) Tail end (b)

In the case of Europe and America etc.

[CRED) (110)

(111) Tail end (d)

(111) Seed end (c)

The stereographic projection figures of <111> crystals which express three remarkable crystal-facet
lines, shape of etch pit, and light figure being superimposed. Viewing orientation is as follows. (a) is
from a seed side in the case of JEITA. (b) is from a tail side in the case of JEITA. (c) is from a seed side
in the case of Europe and America etc. (d) is from the tail side in the case of Europe and America etc.

Fig.12 Comparison of JEITA standards and European/American Standard 1

(100) Seed end (c) (100) Tail end (d)

The stereographic projection figures of <100> crystals which express the crystal-habit lines, shape of

etch pit, and light figure being superimposed. Viewing orientation is as follows. (a) is from a seed side in
the case of JEITA. (b) is from a tail side in the case of JEITA. (c) is from a seed side in the case of Europe

and America etc. (d) is from the tail side in the case of Europe and America etc.

Fig.13 Comparison of JEITA standards and European/American Standard 2

11-12



Translation without guarantee in the event of any doubt arising, the original standard in Japanese is

to be evidence.

JEITA standards are established independently to any existing patents on the products, materials

or processes they cover.

JEITA assumes absolutely no responsibility toward parties applying these standards or toward

patent owners.

© 2002 by the Japan Electronics and Information Technology Industries Association

All rights reserved. No part of this standards may be reproduced in any form or by any means

without prior permission in writing from the publisher.



	EM-3501 シリコン単結晶の結晶方位の測定方法
	目次
	序文
	1.　適用範囲
	2.　測定法
	3.　X線折法
	4.　光像法
	5.　表示法
	解説

	EM-3501 英語版
	Contents
	1. Scope
	2. Measurement method
	3. X-ray diffraction method
	4. Light figure method
	5. Indication method
	Explanation






