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III-V Compound Substrate and Epitaxial Layer
Characterization by Divergent X-ray Beam»Diffraction

L. F. Donaghey and R. H..Bissinger.

-,‘Inorganic Materials Research Division of the
- Lawrence Berkeley Laboratory and the
Department of Chemical Engineering of the

University of California
Berkeley, California 94720

_'Abstract
The divergent x-ray beam diffraction method was studied
for the characterization of lattice perfectioh in GaAs substrates
and of comp051tlon variation and growth defects in epitaxial
P_ layers. Reflectlons from the {711} {620} {551}

1-x"x
and_(400) planes'predomlnate ‘in pseudo-Kossel back reflectlon

GaAs

.patterns obtained from'samples with (100) surface orientations.
' The selecgivity of peeudo-Kossel line dieplacements is |
assessed for lattice pafameter and anisotropic strain dis-
tortion measurement.v Lattice perameter variations in
epitaxial layers afe aecurateiy measurable from {551}, {444}
and {422} plane reflections; while (400) line displacements

can be used to measure lattice strain.
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'Introduction

‘ fhe.diuergent beam'x-ray diffractiou,methohvoféers
COnsiderabie:potential in the]analysis of‘crystallographic
and microstructural properties oi ep1tax1al 51ngle crystal
layers. The divergent beam method, originally developed by

Imura1 2 for'the study of deformation and lattice defects in .

s1ngle crystals, allows with. high prec1510n the measurement of
the 1att1ce parameters and orientation of single crystals.3
This method can also yield information on lattice parameter
“variations, as well as on lattice distortion and can yield
.topographical mapping of lineage substructure in graded
epitaxial layers.

-,Although‘the epita#y'of deposited films on.single crystal
'surfaces has been studied by many methods,'%bod was the first to
apply the divergent beam x-ray diffraction method to observe
.the orientation of epitaxial films produced by electrodeposition
on well characterized substra’t'es.-4 More recently, iighty applied‘
the method to the study of electrodepOSited epitax1al copper
-films.5 The appllcation of thlS method of x-ray diffractlon
to characterize lattice properties of III-V compound substrates
‘and epitarial layers of semiconducting materiaIS»has not been'

previously reported.



‘ In- ‘this’ paper the potentlal appllcablllty of thlSv:
method to the characterlzatlon of lattlce perfectlon 1n 51ngle
crystal substrates and of growth defects in epltax1al,

o graded comp051t10n layers of III-V compounds is examlned
The calculatlons are’ conflned to the dlffractlon of Cuk l“

xX- radlatlon from GaAs, but the methods apply equally to

other III-V: compounds and alloys.

vaseudofKossel'Line_Generationv

';The'apparatusrforvback_reflection x—rayidiffraction of
divergent beams is shown:schematicallypin Eig}dl. The diver—_'
‘gent x-ray beam iS'generated hy‘electrostatically focussing'
.hlgh energy electrons onto the center of a thln metal f011
_target; If the electron acceleratlng voltage 1s suff1c1ently
high, characteristic xfradiation emerges fromﬁthe_foil'in’all
directions.':The'radiation~emergingtfrom thelvacuumvside of
‘the target foil is absorbed by the electron beam tube-while
that emerglng from the opp051te 51de 1rrad1ates a bulk sample'
placed from 0 l tolcmin front of the p01nt x-ray source.,

X-rayﬂdlffractlon from crystallographlc sets of,planesv

‘in the spec1men produce both forward and back-reflectlon

patterns wh1ch Imura. et al.l have termed pseudo Kossel patterns,

Whereas true Kossel patterns are produced by dlffractlon of
a p01nt source of characterlstlc X-rays generated on the sample

1surface'by”a‘focussed electron beam,7 the x—ray_polnt source




for pseudo—KoéSel-éatterns preduces non—characteristic
x-radiation generated at a-pbint removed from the sample
surface. The Kossel‘diffraction envelopes are.true;cones,
put-the péeuao—Kbssel diffraction lineé are ebnics aiStorted
byAreflectioh ffomethe-sample.surfece. Thesendietorted cones
'interSect the photographic'film’in ellipses which are sym-
metric aboﬁt their mejor exes, but which have minor axes displaced
toward the beam axis. Each ellipse in the'pattefn originates
by diffraction from a different set of (hkl) planes.
Asvan‘example'qf the diffraction geometry, Fig. 1 shows
x-ray diffraction of CﬁKalx—rays from (hkl)-planes inclined at
an angle B from the‘sample surface. The plane of the drawing

thus contains the surface normal and the (hkl) plane normal

HKL
T, Since diffraction occurs only at the Bragg angle, the

"hk1*
back-diffracted beam will intersect the filpm on the axis ShoWn,v
with the.beam axis as origin, at Y, and yé; The camera
dimensions a and b both adjust the size of the ellipse ﬁajor
axee, with b limited by the available-sample.size so as to
produce diffraction at y, and_yi, and with the length a limited
by the film size for recording a given pSeudo—KoSSel’ellipse.,
‘Differences in (hkl) plane'orientationé and:speeing
produce-meesurable displacements in pseudo-Kossel.liee pOsi-»
- tions. ‘Fdr example, a displacement invthe camera distance,_.
b, produces displaceﬁente by, ahd Ayé.in line positions along

the major axis. The relationship between the observed line

“



.displacementS‘Ayé'and‘the”sample displacement Ab‘provides
- . the basis for lattice parameters‘determination once the
pseudo-Kossel lines are indexed. ' Lattice distortion and

epitaxial gtthh defects produce similar dieplacements Ayz.

-Psehdo-Kossel Pattern Indexing

The interpretation of pseudo-Kossel patternsiproduCed.
by back reflection of a divergent x—rey beam is relatively‘
simple for}samples with planar surfaCes okanown'Orientation.t
The direction and extent of pseudo-Kossel ellipses can then be
deduced ftom geometrical constructions involving the Bracg.
' angle, 6, and theiinclihation angle B between the diffracting
olanes and the sample'sﬁrfece, as shown in Fig.'l,

The diffraction parameters required in_the celculation
- of pseudo-Kosselvpatterns produced by divefgent bean back
reflection'from (100) Gahs are sfimmarized in Table 1. The
" . Bragg diffraction angle evis tabulated for each plane, as are
- the plane-inclination angles 8. Only those diffracting blanee
yieiding finite;difgraction intensities for analerediation_:
are listeq. Since‘only‘thoee.planesifcr Whicn 6-6-30 and’
| 6+8 <180° will produce cack refiected x-raye,'not all {hkl}
" planes wiil contribute to the back reflection pattern. vThe 8
'vangles of planes contributing to forward difftaction'are thérefOIQ:

listed in”parentheses.



The maximum‘and minimum radii of pseudo-Kossel lines
can now be caléulated from the tabulated datavand from the
conditions of Fig. l. The line coordinates on the Fampie
surfacs and ﬁhofographic film éloﬁg the major akis sre
related to'the’filmftarget ahd,target—sampis distances a

and b, respectively, by the relations,

y; = b cot (848)

Yy, = b cot (648) + (atb) cot (6-8)
' : ' ' (1)
y, ==b cot (6-8)

yé =-b cot (SfB) - (a+b) cot (6+B)

For (100) GaAs and CuKa xéradistion the superpositions of the'
diffraction rays for all planes containing the beam.axis
and (hkl) plane normals is shown in Fig. 2 for camera
distances a and b equal to 3 and 1 units, respectively.
This figure'allows the prediction of pseudo-Kossel line major
akis—interéepts Yo and yé for ali camera constants a and b
by the following construction: the constant b_is_takeﬁ as
the unit distance and an arbitrary film plane is drawn perpen-
dicular to the electron beam axis such that the ﬁiimftarget
'diStance a is the desired number of unit distanéss; the hkl
plane diffracted rays will then intercept the new fiim plane
at distances Yo and yé measured on the diaéram inruﬁit»distances
from the beam axis. |

The samplessize'reqﬁiréd to produce diffraction from a

given set of lattice planes for a fixed target-sample distance

-5-



. ‘can also be'determihed withithe‘aid*Ovaig; 2,'7The figurebindif_j'

ifcates (Zobi"and,{444}freflections'occur'at theilargeSt'distanceSf~’v

from the electron‘beam'axis;_ Samples of llmlted ¢ross- sectlon
can be examlned by the dlvergent beam dlffractlon method
prov1ded that the target sample dlstance 1s suff1c1ently
reduced.' For larger target—sample dlstances these reflectlcns
are permltted only w1th spe01al sample placement.:

A 51m11ar constructlon can be made to calculate the mlnor
axls‘end p01nts of pseudo—Kossel elllpses._ This is done by
constructlng-the plane perpendlcular to theaplane ovaig;.l,
but which- contalns the (hx1) plane normal and passes through

the~x-ray point source. Sample and fllm coordlnates of pseudo-'

Kossel 1lines in' this Plane are then — . g

I
|

X

A
u'”

X, = b cot 9 sec B
x2 = —x2~= (a+2b) cot ;) sec B :

4

where the x—arls lleslln the fllm plane perpendlcular to
the y—ax1s shown in Flg. 1.-

The major and m1nor axis dlmen51ons of complete elllpses
in the back—reflectlon pseudo-Kossel pattern are useful for: |
plndexlng the elllpses in. terms of dlffractlng planes, prov1ded :
hat the camera dlmen51ons a and b are known ln,termS'of
 the parameters of Fig. 1 it can be shown that the ellipse

_ major axis diameter, Y2¥y5,is given by

Major axis diameter = (a+2b)[cot (648) + cot (8-8)1  (3)




¥ . .
~X.r 1S

Similarly;'the’minér axis diameter,x2 5

' Minor axls diameter = 2(a+2b) sec B cot 6 _ (4)
Note that the ellipses are asymmetrically distorted toward the

beam axis and thus it is necessary to take the largest
| .

dimension perpendicular to the major axis as the minor axis

diameter. 'If the reduced'variables

2(a+2b)

v = S215)
Yy7Y;

(5)
_ 2(a+2b)

—

X272

are defined, then the (100) to (hki) interplanar angle B can be

found from the root of the equation,
éos3 B + (uz-l)'cos B = uv ' (6)
Similarly,.the Bragg angle 6 can bé deduceq from the equation,
cot3 0 + (1;u_2) cot 6 = vu"'2 : D (7f

The Miller indices of the diffracting plane are then calculable

from Bragg's law and from the inter—planaf angle formula. As

- an example, for samples with (100) surface orientations, the

Miller indices are

h = 2aox‘1sin 0 cos B

o (8)
k%1% = (2a_271) sin 6 sin 8

The final distinction between the Miller indiceslk and 1 requires

-7-



iywa Stereographic projection‘of'possible'diffracting.planes

_for the zinc blende structure.

The symmetry of equlvalent {hkl} dlffractlng planes about,

the- electron beam axis prov1des a 31mple ba51s for 1ndex1ng

pseudo—Kosselcpattern elllpses;“ The stereographlc proyectlon

of {hkl} plane normals onto the (100) plane 1n the zinc’ blende .

.-_structure 1s shown in Flg. 3a. Elllpse 1ndex1ngvls'ach1eved

by superlmpos1ng the stereogram onto the pseudo Kossel pattern -

so that vectors from the stereogram center to {hkl} projectlons'

11e along elllpse major dlameters. Each elllpse is a551gned

‘the correspondlng-hkl 1ndex._ From such a progectlon one can

~expect {lln} plane dlffractlons to produce elllpses appearlng'
in.sets of four orlented at 45°; 135°, 225° and 3159 from the
.fo1o0], whlle elght fold addltlonal elllpses are generated by
dlffractlon from {nll} planes and appear in pairs orlented
'symmetrlcally about <&0d> dlrectlons._ The‘latter set'cannot
__be dlstlngulshed from- {nnl} plane elllpses, however, and cause1
amblguous elllpse a551gnments if they are made by symmetry
arguments alone. |

| The amblgulty in elllpse a551gnments 1s llfted 1f only :

those planes w1th normals w1th1n 45° of the beam axis are

1ncluded-1n the stereogram. Fig. 3b shows the (lQO)vstereo— f"

~.graphic'projection of {hkl} planes'which producerpseudo-Kossel
i,pattern elllpses by back—dlffractlon of Cqul -radiation'
(A = 1.54051 A) from (100) GaAs. All dlffractlng planes

' contrlbutlng to the back—reflectlon pattern are 1n51de the




45° central zene.of the stereogram for.thietcaee. Additional
{nk1} plane reflection diffractions outside the 45° central zone
are possible for samples w1th smaller lattlce parameters and for
x-ray targets producing longer wavelengths, but\the\addltlonal
elllpses usually lie far from the central region of the back-
dlffractlon pattern. - '

The fully indexed pseudo—Kossel pattern obtained by back
reflection diffractlon from (100) GaAs is shown in Fig. 4.
The most promirent lines are the ﬁnﬁaﬁiﬁmﬁl7} and {026}, the

veight—fold {155} and the single (400) plane reflections.

Lattice Parameter and Strain Meaéurement

The application of the divergent x-ray beam diffraction
method to structural analysis requires conditions that favor
a high seiectivity of pseudo-Kossel line pdsitions to crystallo-
graphic properties of the sample lattice,\ In this section the
selectivity of back reflection pattern lines is examined for
lattice parameter and anisotropic lattice distortion

determination.

‘The Film Displacement Method

Crystal lattice parameter determination by the divergent
'~ x-ray beam method has been discussed by Ellis et-al.3 These
authors eliminate errors in the measurement of camera constants

a and b by taking multiple equsures after successive displace--

ments of the film plane. The measured displacements'in the



"A(hkl) pseudo Kossel llne p051t10ns along the major ax1s are

’v'related to the fllm plane dlsplacement Lra by

Ay, ta cot (6-8)

- (9)

-by) = ba cot (848)

The lattice parameter can then be calculated from

o e _ Ly . » Ly A
'a,o —A h2+k2+12 sin{é [cot l( 2)+ cot 1( 2)]} (10)

r—-"

N

‘da \Aa

.The sen51t1v1ty of the method can be assessed by con51der1ng

'a dlfferentlal dlsplacement 1n y2 produced by an 1ncremental

film plane dlsplacement da,

—= = cot (6-8)

s

‘The magnltudes of this dlfferentlalﬁxrmkD pseudo-Kossel lines. fromfp

GaAs are shown in Table II. The {422} (200) - and {444} llnes"
yield the hlghest sen51t1v1ty, but the dlffracted beam
.1nten31t1es are low and the elllpses often are 1ncomplete.' »
'~:Slnce the above method for lattlce parameter determlnatlon re-—
qulres complete pseudo-Kossel elllpses for the measurement of
Ayz, the {444} reflectlons cannot~be usedvslnce yz'falls within
the oentral'hole_in the film plane required to'passvthevelectron

'~ beam tube.

-10-




The Sample Displacement Method

An alternate method for lattice parameter measurement
is proposed here in which the diSplacements.infpseudo—KOSSel
- lines are measured for a precise sample displacement as shown
in Fig. 1. A sample dlsplacement Ab will then produce: (hkl)

llne dlsplacements along elllpse major axes of amounts

by, = th cot[(8-8) + cot (048)]

, v (11)
-8y, = tb cot [(e—e) + cot (e+s)]

The;displacements Ayé-and éAyz are identiCalvand,.therefore,
only.Ay2 needs tobbe measured. This method requires that

the sample surface orlentatlon be known, from which the (hkl)
plane 1nc11nat10n angle B can be calculated

. The-sensitivity of pseudo-Kossel line displacements produced

by an incremental sample displacement is then

¥

2 _ oot (848) + cot (6-8) a2)

Table II sﬁmmarized the magnitude of this differential for
different (hkl) plane reflections from GaAs. Line displacement
sen51t1v1t1es for sample dlsplacements are comparable to but
generally larger than those for film plane dlsplacement._
The'sample dlsplacement method offers greater selectivity for

- certain pattern lines and is easier to.carryboutvfor thbse‘

‘ellipses'passing near the beam axis.

-11~



Epitaxial Film Lattice Parameter Measurement

lDifferenées in'lattloe parameters between the'substrate
and a thln epltax1al layer can be deduced dlrectly from -
pseudo-Kossel patterns 31nce the pseudo—Kossel llne p051tlons
are strong functlons of lattlce plane’ spac1ng.> From Eq. 1
anderagg s:law one f;ndsvthat.the variation Qfla;line posi-
tion yzlwith latticevparameter:ao‘is'givenlby' “ |

3, - 1. 2 - Y o
532 = a_t tan 8[b csc?(948) + (a+h) esc? (0-8)) (14)

da o
- To '

The resolution betweenlsubstrate”and epitaxial.layers is in-
creased if the lattioe'parameter of the epitaxial layer is
smaller than that of the substrate,.whereas the‘two_sets of
diffraction'lines tend:to overlap When the lattlcevparameter
decreases with increasing depth. | | |

The'pfoduct aéayz/aao is.tabulatedlip_Table'lI for
(hkl)'plane diffractions from Gads, showing that hiohest pre-
c151on can be obtalned with the {422} and{444}p1ane reflectlons-
As the latter line 1nten51t1es are low, however, the measure-
ments from {551} plane reflectlons are recommended»for

lattice parameter measurements in epitaxial layers.
Strain Measurements

A strain analysis'dsing'the divergent beam method was
lrecently developed by Imura et al.2 who calculated the prin-
c1pal strain in a crystal from measured changes in: 1nter-

l atomlc spacings of more than six independent (hkl)Areflections.

-12-



The change in interatomic. spacings Adhkl induced by mechanical
stress is ﬁindistinguishable from the'correépondihg change

Ad induced by chemical composition changes. Thus, for

hkl
chemically pure samples the'pséudo—Kossel line displacement

'sensitivities,to lattice parameter, as described in the pre-

l
ceding section, form the basis for a principal strain analysis.

67 the

Ir epitaxial layers containing growth defects”
displacements;in (hgl) plane orientation are expected to be
larger thanidisplacémenﬁs in interplanar spacing. The

| orientational change for a set of (hkl) planes’is of two
types. A uniform orientational chahge-within.a midrocrystalline> 
,? region is called homogeneous stréin or macrosﬁrain, whereas a
broadening of the diffracﬁion Line'due to a continuous variation
in (hkl) plané spacing is called inhomogeneous strain broaden—
ing or microstrain. The‘line profile theory of Warren8 and

the inhbmogeneous strain-and coherency domain's%ze determination
method develdpéd by Waxren and Auerbachgaré'the'basié for |
line broadeninglaﬁalysis. Microstrain andlofientational

change analysis is difficult because each psehdofKoSsel line

is produced by diffraction from a different regibn of the

sample. !

The sensitivity of pseﬁdo—Kossel,linenaisplécements
 induced by a differential change in the; (hkl) plane inclination
‘angle B is found from Eg. 1 to be

w7 = b oscT(88) - (ath) csc(o48) . (15)

~13-
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: The magnltudes of | thls dlfferentlal for dlfferent (hkl) planes

5

'"“vare also shown in’ Table II._ The (200) and {422} plane reflec— _i

tlons prov1de the most sen51t1ve measurement of (hkl) plane
g
: orlentatlonal change. Of the most promlnent llnes in the
pseudo Kossel pattern, however, the (400) reflectlon prov1des

the hlghest sen31t1v1ty. v:_ o __"' s

" Conclusions

: The dlvergentbx—ray beam method 1s a promlslng analytlcal i
technlque for characterlzlng the lattlce perfectlon of sub-
strate crystals_and growth defects in epltax1al layers."ihe .
pSeudo-Kossellpatterns generatedgfor (100) orlentation IIi-V
compounds7are'easily indexed'}n terms of the Bragg angle for_A
’.diffraction'and'interplanar angles.? The selectivity of‘

pseudo-Kossel line displacements induced by £ilm and sample

positions and by-lattice parameter and (hkl) plane'orientational,

changes were‘assessedffor GaAs.._Thev3@44},‘{551}_andb(400)
plane reflections'éiVes greatesthSensitivityifor 1attice<par-
ameter'measurements by'the'sample diSplacement method and
-glve hlghest sens1t1v1ty for measurement of 1nhomogeneous and.
_ homogeneous straln.: Of the most promlnent llnes in the (100)
pseudo-Kossel pattern for GaAs the {551} lines show the
'largest sen31t1V1ty to lattlce parameter dlfferences between'

'epltax1al layer and;substrate.

Acknowledgment |

. This. work was performed under the ausplces of the,

U. s. Atomlc Energy Comm1551on.

214



9.

10.

. Osaka Pfefécture; Ser. A 5, 1 (1957).

References

) : . : M I‘ .
T. Imura, J. Appl. Inst. Metals 16, 10 (1952);

Naniwa Univ. Ser. g, 51 (1954);: Bull. Univ.‘of

[
I

T. Imura, S. Weissman and J. J. Slade, Jr.,

Acta Crystallographica 8, 786 (1962).

_T{ Ellis, L. F. Nanni, A. Shrier, S. Weissman,

G. E. Padawer and N. Hosokawa, J. Appl. Phys. 35,

3364'(1964).

" W. A. Wood, Proc. Phys. Soc. (London) 43, 138 (1931).

P. E. Lighty;‘D; Shanefield, S. Weissman and A. Shrier,
3. Appl. Phys. 34, 2233 (1963). -
E. T. Peters and R. E. Ogilvie, Trans. Met. Soc. AIME
233, 89 (1965). .
D. B. Holt, J. éhys, Chem. Solids 27, 1053 (1966).
M;vS. Abrahams, L..R. Weiéﬁerg,'ct J. Buicocchi and
J. Blanc, J. Mat. Science 4, 223 (1969).
B. E. Warren,vProg..Metai Phys. 8, 147 (1955).

p .

B. E. Warren_and_B{ L. Averbach, J. Appl.'Phys. 21,

595 (1950).

-15-



-91-

__ Table I .
Diffraction Parameters for Back-Reflection Pseudo-Kossel'P_at'i:e‘rns from (100) GaAs

/1, ai) )

»)'(2)\.

)(3).

84

cot (6-8 )"

(4) Interplanar angles shown 1n parentheses correspond to- transmlss1on dlffractlon-

V(S) 6+ values are__omlt.ted,

hkl -9 (deg B (deg 0-8 cot (643 )

111 100 3.26409 13.649  (54.736) (4) _ - T T
200 -1 2.82670 15.812 - - 0.000  (90.000) - 15,812  15.812  3.5311°  3.5311
220 35 1.99880 22.666  (45.000) (90.000) A T,
311 35 1.70458  26.864 . 25.239  (72.452) 52,103 1.625  0.7784 = 35.2495
400 6 1.41335  33.023 . 0.000 (90.000) 33.023  33.023 1.5385  1.5385
331 8 1.29698 36.433  (46.508) (76.737) - - IR -
422 6 1.15399  41.872  35.264  (65.905) 77.136  9.805 = 0.2284  5.7864
333 4 1.08799 45.069  (54.736) R e - - -

511 4 1.08799 45.069  15.793  (78.904) 60.862  29.276  0.5575  1.7837
440 2 0.99940 50.418  45.000  (90.000) 95.418  5.418  -.0948 ° 10.544
531 2 0.95560 53.711  32.312  (59.530) (80.268)  86.023 21.399  0.0695  2.5518
620 4 0.89387 59.508  18.435  (71.565) - (90.000)  77.943  41.073 = 0.2136  1.1474
533 2 0.86214 63.306  40.316 62.774(5) 1 103.622  22.990° -.2423  2.3570
444 4  0.81600 70.723-  54.736  125.459  15.987 -~ ~-.7122  3.4904
711 2 0.79133 76.651 - 11.422  (81.951) © 88.073  65.229 0.0336  0.4614
551 .2 0.79133 76.651  45.562  (81.951) 122.213  31.089 -~ -.6300  1.6584"
(1) @ = ao/Jh2+k2+1?, ag = 5.6534 & for GaAs

(2) 6 = sin™" [A/(2d)]1, X = 1.54051 & for Cuk ; —radiation ]
(3) 8 = cos™t (Ah+Rk+Ll) / J+x%41?) PnPa?) (HKL) = (001)




Table II. .
Differential displacements of the pseudQ—Kossel
line parameter y2 for camera lengths a = 3 cm
and b =1 cm ' ‘ '

551

hk1 % 3D 5B
2001 35311 7.0622  19.072  -40.4060
400 1.5385 3.0770  10.9428  -10.0994
4221 5.7864 6.0148 31.8515  30.2735
511 1.7837 2.3412 5.5056 - 1.0614
531 2.5518 2.6213  11.5987 3.4925
- 620 1.1474 "1.3610 5.7096 - 1.8659 -
533 2.3570 2.1147 15.1428 2.3205
444 -3.4904» 2.7782 42.0036 7.1539
711 0.4614 0.4950 9.3308 - 2.7916
1.6584 1.0284  21.6927 - 1.8374

(l)Lafgé sample area or special film placement
required. o
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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