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X-ray Diffraction Topography of Germanium Wafers

Abstract: X-ray diffraction topography in transmission and reflection has been employed to analyze crystal faults and stresses in ger-
manium wafers caused by deposition of oxide layers, epitaxy and planar diffusion. Localized diffusion of arsenic, gallium and phospho-
rus normally does not introduce stresses sufficiently high to generate dislocations in germanium (011) wafers. However, heat treatment
of germanium wafers covered with a SiO: film causes high stresses which are often relieved by plastic deformation.

Introduction
In recent years X-ray diffraction topography has been in-

creasingly employed to detect dislocations, stacking faults,
elastic strains and misorientation in single crystals used in
the manufacture of solid state devices. Such deviations
from the ideal crystal structure may be caused either by the
growth process or by a subsequent step of device fabrica-
tion, e.g., formation of oxide layers, diffusion of dopants,
and epitaxial deposition, and they may influence device per-
formance. Up to now, most topographic investigations
were concerned with planar structures of silicon.? With
the growing interest in germanium for very fast devices it is
obvious that this technique should also be used on ger-
manium. Schwuttke?® has recently shown that X-ray topog-
raphy can indeed be used for analysis of stresses in ger-
manium wafers after planar diffusion. This paper deals with
X-ray diffraction topography studies of basic device manu-
facturing steps in germanium and demonstrates its use for
the analysis of defects and stresses introduced by thermal
treatment, diffusion or epitaxial growth.

Transmission topography

® Contrast, wafer thickness and choice of X-radiation

The contrast between defect and perfect areas on a trans-
mission topograph of a crystal wafer is determined by the
intensity diffracted by a defect region and by a similar but
perfect volume of the crystal. It depends on the structure
factor Fi; of the reflection used for the topograph, on the
thickness D and the absorption coefficient u of the wafer,
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and on the wave length A of the X-radiation. Figure 1 shows
the thickness dependence of the intensity diffracted in sym-
metric transmission by a perfect crystal without absorption
of the penetrating wave field* and by a mosaic crystal with
normal absorption. Optimal contrast is obtained for a
thickness Dy = (cos 6)/u for which the mosaic crystal in-
tensity has its maximum, 6 being the Bragg angle. The
intensity fluctuations of the perfect crystal give rise to the
“Pendelldsung” fringes on the topographs of wedge-shaped
crystals.® These fringes are often observed at the wafer edge
beveled by the etch process (Figs. 2a, 3) and they demon-
strate the perfection of the crystal. The ratio « of the maxi-
mum of the mosaic crystal intensity to the mean perfect
crystal intensity (which equals 1 in Fig. 1) can be used asa
measure of the contrast. It is given by

k = 2 Prog \ Frui/(vew) , @

where P = 1 or cos 8 for the two polarizations, ro = 2.8 X
1073 cm, e = 2.718 and v is the volume of the unit cell.
Table 1 shows the optimal thickness D, and the contrast
for several wavelengths and the (220) reflection of silicon
and germanium. With the most commonly used silver and
molybdenum radiation, silicon gives a contrast about ten
times higher and it allows the use of wafers about twenty
times thicker than germanium.

Besides crystal thickness and wavelength, the contrast
between perfect and faulty parts of the crystal also depends
on the orientation of the diffraction vector g in relation to
the fault. For dislocations the contrast is minimal or maxi-
mal for @-3) = O or = 1 respectively,® where b is the Bur-
gers vector.
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Figure 1 Intensity 7 diffracted in symmetric transmission by
(022) planes of (011) Ge wafer of thickness D for a perfect crystal
without wave field absorption (Ref. 4) and for a mosaic crystal
with Ag-K« radiation.

® Geometry of image formation, resolution, and wafer size
For the following discussion we assume the plane of the
incident and diffracted beam to be horizontal. The horizon-
tal extension of the image of an infinitesimal volume of the
crystal, the horizontal resolution, is determined by the
horizontal divergence of the diffracted beam Af, which de-
pends on the divergence of the incident beam and the rock-
ing curve width, and by the sample-image plane distance »
to be

Si = rDd. )

The vertical resolution is determined by the vertical exten-
sion of the X-ray source F, the source-sample distance R
and by r to bef

S, = rF/R. 3)

With r being about 10 mm and for the Ag-Ka-(220) reflec-
tion of germanium, the horizontal resolution is about 10 u
if the oy » doublet is not resolved and it can be considerably
improved by decreasing the horizontal divergence of the
incident beam. In order to achieve a vertical resolution of
10 u, F/R in Eq. (3) has to be less than 0.001. Choosing a
source-to-sample distance R of about 1.5 m the vertical fo-
cus extension F should not exceed 1.5 mm. This condition
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Table 1 Optimal wafer thickness D, and contrast « for (220)-
topographs of germanium and silicon

Radiation W—Ka1 Ag-Km MO-Ka1 Cu-Ka1
Wavelength (A) 0.2138 0.5594 0.7093 1.5405
Ge: Dy () 750 55 29 17

K 36 6.8 4.4 8.4
Si: D, (w) - 1300 667 71

K — 66 44 10

can be fulfilled by use of the spot focus of a normal diffrac-
tion tube with a 10 X 1 mm? focus, and if the take-off angle
of 3° is chosen the horizontal divergence can be made suf-
ficiently small without a big loss of intensity.” Use of the line
focus as suggested by Schwuttke to diffract over the full
height of large wafers! reduces the vertical resolution by a
factor of 10. Soller slits in the incident beam with the verti-
cal divergence of 0.001 rad required to compensate for this
loss of resolution would be extremely difficult to manufac-
ture, and their use would result in a considerable loss of in-
tensity. The spot focus is quite sufficient to get a topograph
of a wafer, Z = 25 mm high at a distance R = 1.5 m from
the focus, because the deviation from the Bragg condition
in going from the center to the top or bottom of the wafer,
as given by

df = tan 6 - Z2/8R? = 0.5-107 rad, )

is far below the width of the rocking curve for the Ge (220)
reflection with Ag-K« radiation.

® Experimental details

A GE silver tube operated at 50 kV and 16 mA was used
as radiation source. The collimator slit was set to complete-
ly separate the «1,2 doublet of the Ge (220) reflection at
6 = 8°. The other conditions were chosen according to the
preceding considerations to assure a resolution of better
than 10 u. The topographs were recorded on Ilford G5
nuclear plates 50 u thick. A GE XRDS5 Diffractometer was
used with an x-y table mounted on it for scanning parallel
to the horizontal wafer diameter and for adjusting the wafer
to the diffractometer axis. Photographic plate, diffracted
beam slits, and wafer were always kept parallel.! Provisions
were made to oscillate the sample during exposure using
Schwuttke’s Scanning Oscillator Technique! (SOT) to
avoid the effects of macroscopic strains in the wafer. How-
ever, the oscillating range for germanium had to be re-
stricted to about 0.3° in order to keep high the ratio of the
topographic intensity diffracted only during part of the
time and of the diffused background due mainly to fluores-
cence radiation. For the same reason a 12 u thick palladium
foil was inserted between sample and nuclear plate to pref-
erentially absorb the fluorescence radiation. Occasionally a
“ghost topograph” superimposed on the 022 topograph of
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Figure 2 Topograph of wafers cut at different parts of one crystal. [For all transmission topographs the scattering vector g lying in
the plane of the wafer is shown by the arrow. For reflection topographs the projection of g in the plane of the wafer is shown by arrow.
Magnification for all topographs is about 3 X. All topographs are positives; dark areas represent high diffracted intensity.]

a) 022 transmission topograph of perfect (011) Ge wafer, center section of crystal, uD = 1.5 b) 022 transmission of (011) Ge wafer
with high dislocation density, rear section of crystal, uD = 2 ¢) 022 transmission of (111) Ge wafer cut parallel to growth direction
(011), rear section of crystal, uD = 3,

a (011) wafer was observed, probably from the 111 reflec- garnet and polished on one side® down to a thickness of
tion. A slight tilt of the crystal around the diffraction vector 150 to 200 . The lap-damaged layer, which is thinner than
made the ghost disappear. The exposure time was de- 10 u, was etched off with CP4.* To etch the wafer uniformly
termined by the scanning speed and only one scan was per- over the whole surface it was gently wiped with a “Q-tip”
formed. Scanning speeds ranged between 3 and 10 mm/hr.

450 The germanium wafers were lapped on both sides with * 120 cc HF, 200 cc HNO,, 120 cc CH,COOH, 1 cc Br.
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during etching. The final thicknesses of the wafers ranged
between 100 and 300u. The wafers were held in the sample
holder between two thin plastic foils extended over a brass
ring of 25-mm diameter. This method avoids gluing the
sample and it does not introduce much strain if it is done
carefully.

Reflection topography

® General considerations

Reflection topography was also used in certain cases. If
appropriate asymmetric reflections are chosen the penetra-
tion depth is very small.” This makes it useful for the
investigation of thin surface layers or planar diffusion
layers. For good resolution it is desirable to place the re-
cording photographic plate approximately parallel to the
wafer and approximately perpendicular to the diffracted
beam. Therefore, larger Bragg angles are more generally
used for reflection topography than for transmission
topography.

Using Cu-Ka, radiation the (333) or (115) reflection is
very suitable on a (011) Ge wafer and the (115) likewise on
a (111) Ge wafer. The angle of incidence « for these choices
is about 10° and 6° respectively. This restricts the penetra-
tion depth perpendicular to the surface as given by

d=sina/u %)

to 4 and 2.5 p, respectively. Since in both cases the dif-
fracted beam is almost perpendicular to the surface the
photographic plate can be kept parallel to the wafer as in
the transmission topography. However, the choice of a re-
flection of higher order, as in transmission, decreases the
structure factor and contrast. The use of a higher Bragg
angle increases Af and lowers the resolution.

® Experimental details

The spot focus of a GE copper target tube with a take-off
angle of 3° was used as radiation source of 0.5 X 1 mm?
effective size. A 0.5-mm wide slit about 900 mm from the
source restricted the horizontal divergence to 0.001. Dif-
fracted beam slits were employed in order to decrease the
background on the topograph. The scanning was performed
parallel to the wafer and provisions for oscillating the sam-
ple and plate were made. The setup could also be used for
transmission topographs with Cu-Kea radiation without
any major changes.

Defects arising during the growth process

or heat treatment

Though the [011] growth direction—used for all the crystals
of this study—does not favor the elimination of dislocations
during the growth like the [111] or [100] growth directions,
dislocation-free Ge crystals can be grown in the [011] di-
rection by the Czochralski process if dislocation-free seed
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Figure 3 022 transmission topograph of (011) Ge wafer cut from
a crystal dislocation-free close to the seed, with dislocations and
twinning generated during growth, uD = 2,

crystals are used. Figure 2a shows a 022 transmission
topograph of a dislocation-free (011) wafer cut perpendicu-
lar to the growth direction from the center part of the
crystal. However, during growth, dislocations, stacking
faults or twinning may be introduced by thermal stresses or
shocks. Figure 2b shows the 022 topograph of a (011)
wafer cut from the rear end of the same crystal. To illus-
trate the generation of dislocations in this crystal a (111)
wafer has been cut parallel to the growth direction. Its 022
topograph in Fig. 2c shows an abrupt increase of the dis-
location density from a very low value of 300 cm~2 at the
right to a high value of 20,000 cm~—2 at the left. These num-
bers were measured independently by etch-pit count on
the specimen surface. At the arrow the crystal had been
remelted and growing had been restarted. The thermal
stresses caused by this process introduced the dislocations.

Figure 3 shows the 022 topograph of a (011) wafer cut
from another crystal which was dislocation-free at the seed
end. Dislocations are arranged in (111) slip planes inter-
secting the (011) plane of the wafer in slip lines parallel to
the [011], [211] and [211] directions. Similar slip line pat-
terns have been observed with etch methods by Penning'! on
cylindrical Ge crystals grown along [011] and quenched so
as to produce a radial heat flow. They will be discussed in
more detail in the next sample.

In addition to slip, twinning also occurred in this crystal
during growth. The twin boundary along the line 4-B is
partly visible through the contrast of stacking faults ex-
tending from A to the center. Laue back-reflection photo-
graphs showed that the twinned part of the wafer below
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Figure 4 022 transmission topograph of (011) Ge wafer originally
dislocation-free, after r-f heat treatment on cylindrical pedestal
at 750°C, uD = 2.

A-B is parallel to the (411) plane. This plane can be brought
into a position parallel to the (011) plane by a 180°
rotation around the twin axis [111]. Both twins are in Bragg
reflection since the diffraction vector is parallel to their
common [011] direction. In the smaller twin, stacking faults
are visible as dark bands. Secondary twins which are not
in Bragg reflection any more appear white. The dislocations
and twins were apparently caused by thermal stresses or
shocks during growth. The center of the wafer is defect-
free except for some polishing scratches.

Figure 4 shows the 022 topograph of an originally dis-
location-free wafer after a heat treatment at 750°C on a
cylindrical pedestal. Induction heating by a surrounding
coaxial coil probably introduced large radial temperature
gradients in pedestal and wafer. The distribution of slip
lines is similar to that in Fig. 3. According to Penning!!
this pattern can be explained by the variation with ¢ of the
resolved shear stress 7 for the different slip systems of a
wafer with radial thermal stresses ¢(r), r and ¢ being polar
coordinates on the wafer (Fig. 5). If 7 exceeds the tempera-
ture dependent critical shear stress on any slip system, slip
is initiated in this system. Therefore, it can be seen from
Fig. 5 that the slip systems giving rise to the oblique slip
lines along [211] and [211] are not activated for 35° <
¢ < 55°. The more equally distributed horizontal slip lines
along [011] are probably caused by radial heat flow as well
as by heat flow normal to the wafer plane.!
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Figure 5 Resolved shear stress 7/¢(r) in different glide systems
of circular (011) wafer with radial thermal stresses o(r) versus
polar coordinate ¢.

Si0,
Ge

(a) (b)

Figure 6 Germanium substrate with SiQ; film, a) SiO; under
tension, b) SiO; under compression.

Stresses in Ge wafers coated with SiO:

An important step in the manufacture of planar devices is
the pyrolytic deposition of SiO. on Ge wafers.'?:13 Due to
the difference in thermal expansion of Ge and SiO; elastic
stresses are present in such wafers after cooling. The SiO-
film may also be subjected to intrinsic stresses due to struc-
tural imperfection introduced by the process of formation.
These stresses depend on the temperature of deposition and
on subsequent heat treatment. If the residual stresses are
large enough they can be recognized by a visible bending
of the wafer. Figure 6 shows the two possibilities of tension
(a) or compression (b) in the SiO.,. If a window is opened
into the SiO; for diffusion, then the stress is relieved inside
the window and a large stress gradient is introduced normal
to the window edges. If this stress gradient § has a com-
ponent parallel to the diffraction vector g the image of the
window edge on the topograph is either darker or brighter
than the other parts of the wafer depending on whether
(3-3) is negative or positive.23-14 Figure 7 shows the 022
topograph of a wafer with windows 4 )X 4 mm? cut into the
SiO; film pyrolytically deposited at 715°C. From the dark-
bright contrast sequence at opposite window edges along
the diffraction vector, it can be concluded that the SiO- film
is under compression (Fig. 6b). A “low temperature” SiO,
film, deposited > 450°C in oxygen,'® becomes under com-
pression at room temperature; for deposition < 430°C, it
becomes under tension. After densification at 750°C all
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Figure 7 022 transmission topograph of (011 )Ge wafer, coated
with SiO, and with windows opened in the oxide, uD = 2.5.

low-temperature oxides are under compression. The stresses
between the SiO; film and the Ge substrate are anisotropic,
the direction of largest stress is the [100] direction. Upon re-
moval of the SiO; film the stresses are completely relieved
and the contrast at the window edges disappears. The fact
that SiO: films deposited on germanium at temperatures
above 450°C are under compression indicates that the
thermal expansion coefficient of germanium is larger than
that of the SiO, film, i.e., age > asio,. This is reasonable
since the SiQ, film is probably similar to vitreous sil-
ica, which has a very low thermal expansion coeffici-
ent. Unless they are partially relieved by plastic de-
formation the thermal expansion stresses become high-
er with higher deposition temperatures. This can be
seen qualitatively, since the window edge contrast is very
weak if the film is deposited at about 450°C and gradually
increases with rising deposition temperature. However,
at deposition temperatures below 430°C the intrinsic stresses
override the thermal expansion stresses and, since they are
opposite to the latter, they cause the film to be in tension.

On Ge wafers coated with high-temperature or densified
low-temperature SiO:, dark and bright lines are often ob-
served parallel to the traces of the (111) and (111) planes in
the (011) plane of the wafer. These lines are not visible if
the diffraction vector is chosen parallel to them (Fig. 8a)
and they are clearly visible if the diffraction vector is per-
pendicular to them (Fig. 8b). Their dark-bright contrast
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relation is reversed upon reversal of the diffraction vector,
and they do not disappear upon removal of the oxide, as
can be seen clearly in Fig. 8b, where the oxide is removed in
the upper right quarter of the wafer. This rules out stresses
in the interface as the cause of these lines. Since their con-
trast completely disappears on the 022 topograph (Fig. 8a)
their fault vector must be perpendicular to the [011] direc-
tion. The good contrast in the 400 topograph (Fig. 8b) sug-
gests the (111) or (211) directions perpendicular to the
[011] for the fault vector whereas the [011] cannot be ruled
out. These facts can be explained by stacking faults in the
(111) and (111) planes with fault vectors 1/3[111] and
1/ 3[111]. Since the wafers are very thin, pronounced fringe
patterns (as observed in silicon'®) would not be seen here.

Actually, Figs. 8a and b are topographs of a wafer taken
after arsenic had been diffused into the open windows.
However, these stacking faults are typical of those found
in SiO. coated germanium wafers after heat treatment.
They do not extend over the window area where the oxide
had been removed. Also they have been observed on other
wafers immediately after the pyrolytic deposition or the
densification. They are generated during the plastic defor-
mation caused by the difference in thermal expansion of
germanium and SiOs.

Diffused structures

All diffusion treatments were carried out through windows
in the SiO, films described in the preceding paragraph.
Arsenic was diffused into (011) wafers of N and P ger-
manium in a two-zone furnace under a flow of forming gas.
The As source was kept at 375°C for high surface concen-
tration diffusion (C; = 5 X 10¥%m—3, as measured by the
method of corrosion potentials,!®) and the wafer was kept at
750°C. Stresses generated by the diffusion were opposite in
sign to those generated by the high temperature SiO. film.
This can clearly be seen in Fig. 8a, the 022 topograph of a
wafer after arsenic diffusion. In the upper right quarter the
oxide has been removed. At the right edge of the window
there, the contrast is reversed from bright to dark, whereas
all other window edges show the same contrast as do those
in the topograph of Fig. 7. In the 400 topograph (Fig. 8b),
where only the horizontal window edges are in contrast, the
contrast has also been reversed at the horizontal edges of
the upper right window where the oxide was removed, right
of the vertical line ending at A. This indicates an expansion
of the Ge lattice by the As diffusion. Since the tetrahedral
radius of arsenic is slightly smaller'’ than that of ger-
manium (ras = 1.18 A, r¢e = 1.22 A) a contraction of
the lattice would be expected for substitution of Ge by As
atoms. Even if one assumes that part of the As atoms oc-
cupy interstitial sites and so expand the lattice, this effect
should be overcome by the substitutional As atoms. There-
fore, one has to assume that substitutional As atoms also
expand the Ge lattice. Between the windows in the un-
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Figure 8 (011) Ge wafer coated with SiO,, after arsenic diffusion through windows (C, = 5 X 10¥* cm™3; x; = 6.5 u); uD = 2; the
oxide is removed in upper right quarter in an area limited to the left by a vertical line ending at 4 and to the bottom by a horizontal line

ending at B.
a) 022 transmission b) 400 transmission ¢) 333 reflection

diffused area a few slip lines are visible along [211] and
[211], generated to relieve the stress from the expansion of
the diffused areas.

Figure 8c shows the 333 reflection topograph of the As-
diffused wafer. The window area now diffracts with more
intensity than the matrix. This contrast is further enhanced
by choosing 9 slightly smaller (0.04°) than fppqg,. It is de-
creased by choosing 6 larger than 0p,,... This behavior also
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indicates a lattice expansion in the diffused area of the
order of 0.1%. Measurements of the (022) rocking curve
on a double crystal spectrometer in parallel position, as
described by Cohen'® but with Ag-Koa radiation, showed
the lattice expansion to be Ad/d = (0.86 == 0.08) X 107°
for C;, = 5 X 10¥%m™® and x; = 6.5 u. A contrast re-
versal as observed by Jungbluth!® in Cr-Ka reflection
topographs of phosphorus-doped emitter structures in Si
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Figure 9 333 reflection topograph of (011) Ge wafer after arsenic
diffusion (C, = 5 X 101%; x; = 3u). Diffusion has been barred
where SiO, was not completely removed inside two windows.

could not be found when changing from 0 < 0ps, to
6 > Oprage. Therefore the contrast in the reflection to-
pograph of As-doped structures in Ge is due to the higher in-
tensity diffracted from the diffused areas. It cannot be ex-
plained in terms of lattice parameter differences only as it
was suggested by Saccocio?® for the contrast reversal ob-
served by Jungbluth.!®

Figure 9 shows the 333 reflection topograph of another
As-diffused structure (C; = 5 X 10¥%m™3, x; = 3 p). The
diffusion has been blocked where the SiOs had not been
removed completely inside the window. The extinction
contrast on the reflection topograph and the window edge
contrast in the transmission topograph can still be observed
for a junction depth x; = 0.65 p and a surface concentra-
tion C; = 3 X 10¥cm™3,

Gallium was diffused into N-type Ge at 800°C from a
Ga-Ge source at 800°C for 16 hours to a surface concentra-
tion of 102°cm™2 and a depth of 3.5 u. A reduction of the
window edge contrast but no reversal was observed after
removal of the SiO,. This indicates a very slight contrac-
tion of the diffused layer, though the tetrahedral radius of
Ga is larger!” than that of Ge (rc. = 1.26 A). However, a
sample diffused for 80 hours under the same temperature
conditions showed an expansion of the diffused layer as
evidenced by a contrast reversal at the window edges after
removal of the SiO; film. This is in agreement with results
obtained by Greiner?! who found a lattice parameter in-
crease of 0.0004 A per atomic percent of gallium dis-
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solved in germanium. No intensity contrast has been ob-
served between the diffused layer and the matrix, and no
slip lines or dislocations were generated.

Phosphorus was diffused by heating the wafer at 750°C
for 21 hours under an atmosphere of nitrogen with 1.4%]
PH;. The surface concentration was C; = 5 X 109 ¢m™3
and the junction depth x; = 3.1 u as measured by the
method of corrosion potentials.'® After removal of the SiO,
film, the window edge contrast was reversed but it was very
weak, indicating a very slight expansion of the lattice. Since
the tetrahedral radius of phosphorus is smaller'? than that
of germanium (rp = 1.10 A, rg. = 1.22 A) we observe an
effect similar to that seen in As-diffused wafers. No disloca-
tions were generated by the phosphorus diffusion. Ap-
parently the solubility of phosphorus in germanium is not
high enough to cause dislocations to form by localized dif-
fusion, as is observed??in silicon for surface concentrations
above 102° P-atoms/cm®.

Arsenic was also diffused into (111) and (100) wafers
with results similar to that observed on (011) wafers. How-
ever, Schwuttke and Howard? have observed the genera-
tion of a few emitter edge dislocations on an arsenic-dif-
fused (111) Ge wafer at the edge of the diffusion window.
Possibly the (111) wafer is more apt to generate dislocation
during diffusion than the (011) type.

Usually, because of the lower solubility of dopants in Ge,
dislocations are less likely to be generated in Ge than in Si
during diffusion. The dominant imperfections on such Ge
walfers are stacking faults due to thermal expansion stresses.

Epitaxial layers on germanium

Epitaxial germanium layers doped with boron were grown
on antimony doped N-type germanium at a temperature
of about 800° by reduction of GeCly (Ref. 23). The boron
concentration, as measured by spreading resistance, cor-
rected for multilayer structure, was about 5 X 10'8 cm—3,
The germanium wafers were coated with SiO» and windows
were opened in the oxide; therefore epitaxy took place only
at restricted areas. Figures 10a and b show the 022 trans-
mission and the 333 reflection topograph of an epitaxially
grown wafer after removal of the SiO; film. The epitaxial
layers on the four square windows are perfectly crystalline;
however, stresses can be observed by the contrast of the win-
dow edges in the transmission topograph. The contrast here
is composite, as it is described by Howard and Schwuttke,4
probably due to diffraction from the 5-u thick epitaxial
layer. The contrast is equal to that observed at windows cut
into high-temperature oxide films. Therefore it can be con-
cluded that the epitaxial layer, with a slightly lower lattice
parameter, contracts the substrate material at the inter-
face. The very bright seam along one edge of the windows,
observed in the reflection topograph (Fig. 10b), is not a
contrast effect due to stresses, but it is the shadow cast
from the 5-u high mesa by the X-ray beam, which is at a
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(a)
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(b)

Figure 10 (011) Ge wafer, N-type 1 Q-cm, pD = 2.5 with P* boron
doped epitaxial layer 5 u thick, C = 5 X 10 cm™3.
a) 022 transmission b) 333 reflection

grazing angle of 10°. By accident not all oxide had been re-
moved from one of the windows when they were opened
and epitaxy had been avoided there, as can be clearly seen
on both topographs.

Figures 11a and b show the (022) transmission and (333)
reflection topograph of an indium doped P-type wafer
with epitaxial boron-doped films grown through circular
windows 0.125 mm wide and 0.750 mm spaced. Also here
the epitaxial growth is perfect, stresses can be observed
from the contrast and shadows are even more pronounced
on the reflection topograph. On some areas too much oxide
had been removed due to insufficient coverage with photo
resist. No mismatch dislocations can be observed as de-
scribed by Schwuttke! for boron-doped epitaxial silicon
layers on silicon with much higher boron doping. Also
here the solubility of boron in germanium is probably not
high enough to cause sufficient mismatch, though differ-
ences in lattice parameters are observed by the resulting
stresses.

A, SEGMULLER

Figure 11 (011) Ge wafer P-type 0.3 Q-cm with P* boron doped
epitaxial layer 5 u thick, C = 5 X 1018 cm~2 deposited through
circular holes of 0.125-mm diameter.

a) 022 transmission b) 333 reflection
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