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DIFTFUSION INDUCED DEFECTS IN TRANSISTORS - PART II
E. Levine, J. Washburn and G. Thomas
Inorganic Materials Research Division, Lawrence Radiation Laboratory,

and Department of Mineral Technology, College of Engineering,
University of California, Berkeley, California

ADSTRACT
The defect substructure produced by a double diffusion of boron
and phosphorus into a silicon wafer has beén studied by transmissidn
electron ﬁicroscopy. Spécimens were examined at all stages in the
diffusion‘and at ail important levels in’the final npn transistor
wafer for both (111} ana {110) oriented wafers. Similar specimens in
the {112) orieﬁtatipn were examined ét the emitter surface only.

Diffusion induced dislocations and precipitates were observed at

the emitter surface in all orientations.’ No defects were found at other

levels in the doubly diffused wafers except for {110} foils in which
long dislocations capable df‘glide on thé'inclined {111) planes were
observed at the emitter base Junction. | | |

The precipitétes ﬁere in the form of thin platelets ﬁhich prodauced
displacement fringes parallel to thei% intersection with the surface
(g.R c;ntrast) and parallel moiré fringe contrast. In addition they

were strongly attacked by both ¥ and FiO., solutions. Diffraction
. . S
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patvterns from the precipitates were inde#ed asvfrom a base centered
orthorhombic structure with a = 6.33, b = 5.82 and ¢ = 6.752. The
orientation relationship with the‘silicon matrix was [111]si // [O1l]p.
The thin platelets appeared to be a partially coherent precipiﬁate with
. an associated misfit vector of ~1/3 [111] such that the'pléfelets
éompressively streséed the matrix. Tﬁis compressive stress acts to
partially relieve the diffusion induced tensile stress normal to the
habit plane, and SO the operating planes are those which are most
perpendicular to the diffusion front so as to have the greatest possible

resolved: compressive stress in the diffusion front.



]

observed .in s1nglyg diffused structuresy E’A'l Tannenbaum

I. INTRODUCTION

Diffusion into‘the surface layers .of silicon using solutes with
smaller atomic radii“than that of the host silicon atom results in a
éolute contraction'stréss and the geneﬁaticn‘of an array of dislooations.
This array moves deeper in the‘diffused wafer‘a1ong with the diffusion
front. | o | |

The dislocation‘arrays-have béeﬁ gfﬁdiedAin detail for sihglo
diffusion of boron or phosphorus into (111) and (100] 253 oriented

wafers, and for a double diffusion into {110} oriented wafers. rrays

of edge dislocations are observed that move into the crystal along with

the diffusion front by both climb and glide motions. Climb appéars to
predominate for {111} wafers, whereas glide‘is:the more important motion .

- in the {100} wafers.' Diffusion into {110} waférs‘appearo’to be an

intermediate case. w1th both climb and gllde operatlve.

In addition to dlslocatlon arrayo, precmpltatlon is freqnently

5

has shown

that with high concentrations of phosphorus there is a signifiéant diffTerernce

between the solute pfofile détermined oy sheet-resistivity and that by
radioactive tracer analysis. Thié could be explained by precipitation.‘
Schmidt and Stiokler’ ' haVe.made electron ﬁicroocope observations of:
precipitates in a phosphorus diffused sample and have reportea their
orystal Suructure and orientation dependence. Doubly diffused wafers
in which both phosphorus and boron are‘lntroduced at a surface are
widely used‘in industry to produce npn transistors. Any defects that
are:introduced by the diffusion freatment nay léad to infoyior.

electrical properties. It is therefore of interest «to investigate the



devects‘introduced by double diffusiop:

It is the purpose of the présent'paper to'choracterize thé defect
.substructure that occurs at‘variousnlevels in an npn'oouble diffuscdp
siiicoﬂ wafef éhd to amplify the'fesults given in part 1.2 The main
emph§51s will be on the chalactprlatho of orec1p1tau10n in such wafprs
_ but observatlons on the dls]ocaulon content at various lpvels in a

{111} oriented trans1stor vafer will also be reported.

II.. EXPERIMENTAL

© Silicon wafers of {111}, (ll?},apd 1110} orientation wefe_preparéd~
for diffusion ao deééribed in Paxrt I.  The wafers were symmetfically»
diffused from both éides in an openotubekconfiguration furnace and air
cooled. from the diffusion temporatufe. Flectron microscope foils'Were
' preparod a¢cording to the following.prOCedure: A p layer was formed
by a boron diffusion'treatment? (B2H6:éource for 30 minutes at_lOSOOC).
The sample'was ﬁhen divided in half and foils for transmission elcctron
microéoopy were prepared at the'surfaoe (é) and at the .pﬂ Junction
QXposed oy anodio_secfionipg of the p 1layer (b) (see Fig. la). A
second wafer which was giveh fhe'samezporon diffusion was then given
‘a phosphorus dlffus1on, (P2 5 “source at 1000°C for 15 mlnutes)b This
sample was divided 1nto 3 sectlons 1011s for electron microscopy
were obtained at phree different“levels as shown in Fig. 1b): 1) the
emitter surféce, c,{ 2) the emitter bxce Junctlon, d, )) the base
coliector Junctlon, e. The preparatnon of foils for eleciron mlcroocopy

.6
was done as descrlbed previously. Before the thinning operation,

some diffused wafers were cleaned by béiling in a concentrated nitric

.
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acid solﬁtion and rinsed in hydroflunricvacid and distilled water.
Other specimens were cleaned with only a IIF rinse. | |
Burgers vegtoré'of dislocations and stereopair images were obtainéd
as described in Part I. .Foil'orientations ﬁere fognd by comparison to
a Kikuchi Map.j‘ | | |
"ITI. RESULTS AND DISCUSSION

A. {111) Wafers

For {111) wafers only the emitter'surface after dcuble diffusion «
(foil c)‘contained bbservable defects. ' Dislocations introduced by the

boron diffusion would not appear in any of these specimens because as

‘shown in Part I they exist at a depth sbout 2/3 the distance to 'the p-n

© junction. .

The density of phosphorus induced dislocations obéervedvnéar the

 surface was 109/cm2 which is similar té"fhaﬁ_reported by Joshi'and'

Wilhelm.(3) A stereo pair of g t&pical-area 18 shown in Fig. 2.

The diffusibﬁ température:was mﬁch'lOWer than fhgt of Joshi and Wilhelm,
i.e., 1006°C compared-to 1150°C, yet thé density of dislocations was |
equal or higher than they obsérved. o

All Bﬁrgefs‘veétors of‘disloéatioh; fbund'in these (111) phosphorus
diffgsed'samples were in>theiflll]ﬁplané which.was parallel to the
diffuéibn front}:.Thé direcﬂioﬁs of theédislocations meeting aﬁ a given
nodé were usually‘<112>'or,its;projectibn in the foil plane, i.e. N
edge orientations. Noticeéble in the background of Tig. é and aligned
in the'three <110> directions are elongated black-white imaﬁes,. The
apparent precipitation giving_rise‘to tﬁese images produced no effect

on the diffraction pattérn.- The precipitate images were useful in the

._-‘
.y



interpretation of the dislocation array because they marked the origiral

surface and therefore the direction of diffdsion. In Fig. 2 most of tne

,dlslocatlons are located nearar the chemlcally polished surfacc except

for the their ends which in many_cases extend to the orlglnal surface of

the wafer. Burgers vectors of most of the dislocation segments are

.

easily recognized because they are usually in the (110) direction that

' is most nearly perpendicular-to the line ghd parallel to one'éf the

precipitate images. The network is three dimensional and, as was the

case for single phosphorus diffusion into (111} wafers, appears to

‘have moved into the crystal primarily by climb.2

Figure 3, which was obtained nesr an edge, clarifies the nature of

the precipitate images in this foil. All three sets of precipitates are

in contrast although g is parallel'towone family. They are sometimes

lighter and sometimes darker than_baékground. This would be expected

if the-contrastvarqse from a local change in thickness.of the foil

"assoéiated with the precipitate. That this is the nature of»the contrast

in the thin regions is verified by the thickness contours observed

-along the right edge. bFollowingiﬁhe seCond and third contour, from

the edge, in area A of Fig. 3 it is obserVed that they Jjut forward

1nto a v shape on reachlng the pre01p1ta+e Thls 1nd1cates that in °

order to malntaln constant thickness the contour must move further

into the foil and thus the . prec1p1tafe is in reallty an etched-out

groove. The maximum depth can oe approx1mately obtained by assuming
a constant thickness change between the second and third extinction

contour. The calculated extinction distance for the (220) beam is

@&

A
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approximaﬁely 600&. Thus the thickness at contou1 two is 12007 and

af three is approximateiy 18002. The second contour on reaching the

. .precipitate jﬁtsiiﬁto‘the foil a£~halfithe distance to thelthird con=
 £ourf Thus at this position the thickness iS-15OOZ away from the cavity
-aﬁd';EOOR_at the ce?ity and the depth Qf the cavity is approximately

° . T - (o] .
- 300A. . The foil 'is approxinctely 3300A thick in this region. Thus at

this cavity there is a 9% decrease in thickness. The images are thus :
net due to precipitates But to cavities.left'where precipitatee have
been etched away. This result is confirmed by dark field strain conw-
trast imaging. . | |

The precipitates in this specimen were assumed to have been removed

during the cleaning operaticn, leaving'only a groove. The fact that no
precipitate reflections were ever observed suggests'that the amount of

- remaining precipitate, if any, was extremely small.

i
To avoid losing the prec1p1tate° & similar specimen: was preparcd

- and examined after cleaning only in’ cold HF. Precipitation was

observed at the doubly dlffused surface as shown in Fig. &4. Fringe
contrast parallel.te the intersecﬁion of the‘precipitate with the
surface is‘visible; ‘Tilting'experiments showed that the precipitation -
occurred as sheets parallel to the three (lll) planes at 70° to the

foil surface, thus thelr traces are 1n the (llO) dlrectlon in the

' (lll) plane of observation.

lefractlon patterns from edge-on prec1p1tates were - obtained with
the silicon matrix in a (112) and (Oll).orlentatlon.- The spe01men wa.s
tilted about the [lll] axis between these two orientations. The re-

sultant diffraction patterns, Fig. 5a, b, ¢, consisted of the matrix

spots from a (112) and (0ll) oriented silicon specimen with superimposed -
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precipitate reflections, and multiple'diffractioh spots. The double

: diffraction_effects are manifested as an array of spots around the main

preéipiééte réflections.lvThis array is altered in sequence as shown iﬁ
Fig. SbAand ¢ when the specinmen ié'tilted slightly to bring differenﬁl
matrix refleétions oﬁto the reflecting sphere. The complete pattern
of spots is produced’by éonsidering:each of the stféng matrix
reflections to act‘in turn ag a primary'beam.

The diffraction paﬁterns from these‘foils takgﬁ for identical

orientation but at different areas sometimes contained reflections that

" were not explained, suggesting that moré ﬁhan one precipitate may have

been present. The indexed reflections‘fepresent those that consigtently.

i'appedred'in many diffraction ﬁaﬁterns ébr;esponding toidifferent areas
‘inkthe same.ofientation;‘ The diffuseneés of the precipitate spofé'

- decreased the accuracy of the d spacing measurements.

The precipitate reflections in Fig. 5a, b were tentatively

indexed as arising from a base centered orthorhombic structure with

° : . © o e
& = 6.34, b=3.80" and ¢ = 6.75A .. The orientation relationship

with the silicon matrix is [1113'51 //f:[oqup_and [110]g, // 50103p.
These observed precipitate relatignships:and lattice consﬁants differ
from those reported fof si1icon phosphide.:hi"The précipitate may be a
modification or qomﬁlex of silicon phosphide due to the prediffusion of
boron and the presence of oxygen. Sfréinsvare minimized when the
precipitate grows as a thin plate with_the maximum misfit in>a direction
per?endicular to the plate while the habit plane of the precipitate is

relatively undistorted. A positive misfit occurs in the <111> direction

i
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"moiré fringes on the (111) plane Weré obéerVed.v,

-7

and thus the strain field surrounding é precipitate plgte is similar
to that of an extrinsic.frank dhsléqation half loop.

Parallel moiré fringes were aiso observed supérimpoéed on the
preéipitate imaéesvas shown in‘Fig. 6. The orientatiOn is near (112)
and the precipiﬁates in which the moire_fringes were observed are
perpendiéular £o the foil'plané. "The moire images are parallel to the

trace of the (11I) pléne._'The obserVed-spacing (ueZ ) agrees quite

‘ . R o
well with the calculated valusz of L64 usinglglliSilz 3.14A and

-1 o o
= 3,37A.. The fact that these moiré'patterns were observed when
the precipitate was perpendicular to the plane of the foil indicates

that either a hon uniform thickéning has ‘occurred on at least some of .

the precipitates or that growth occurred along the oxide-silicon

interface as well as on the {111) planes. A possible example of

: . _ : : o ' : S
precipitati on lying at this interface may be seen in Fig. 4 at B where.

" 'From the diffraction e&idence'i%‘ié'i@possibie'té conclusively-;é'
idenﬁify the preciéitates; however,'the&:dg_mo&)éppear to bé similar. .
to the SiP observed by Schmidt and_Stiégief.f%;

jIn Fig. 4 the precipitates appear'ﬁo beﬁhakingvan important{

contribution to the relief of the diffuéion induced tensile stresses

because the only dislocations near a precipitate are those at right

'angles with a Burgefs.vector parallel to the brecipitate..'Dislocations
of this type relax:the stresses in the direct on parallel to'the precipitate.‘
The precipitate relaxes the diffusion induced stress in the direction
parallel to the dislocation lines. The effective Burgers vector of the

precipitate is in the <111> direction perpendicular to the platelét,

_which is the direction of greatest misfit with the silicon matrix.
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A large component of this misfit lies in the plane of .diffusion,

- due to the 70° inclination of the (111} planes. -

B. (112} Wafers

Electron microscope specimens were also obtained from a (112}
oriénted wafer prepared similarly to the (111} wafer described above. .
The resulting emitter surface is shownvin’Fig.,7; The diffraction‘

patterns were similar to those in'Fig. Sa: The precipitation is

| completely confined to the (111) plane‘perpendicular-to the diffusion .

front. Precipitation on these perpendicular {111} planes would most

;

"effectively relieve the diffusion induced lattice contraction stress
: because the misfit vector offthe platelets lies'in'the (112) plane.

. The only dlslocatlons observed were those lylng along the [111]

direction W1th Burgers vectors parallel to the trace of the pre01p1tate

platelets, i.e. [110] No djslocatlons'with inclined Burgers vectors .

were observed; the biaxial tens1on stresses belng relaxed in one dlrectlon-.

by the prec1p1tate platelets and in the second dlrectlon by the 51ndlc

set of edge dislocations. The solute contraction’ stress developes

~ during the diffusion treatment. Therefore; the precipitate platelets .

must have formed at the diffusion temperature.

".The morphology of the precipitates and_the dislocation arrangement

near precipitates in both {111} and (112} spe01mens shows clearly that

. the stress fleld around pre01p1tates is compre551ve.

Similar to the results obtained in (111) oriented foils, no vicible
defect stiructure was observed at specimen levels & and b (Fig. 1).

As reported in Part I, sample 2c contained a network of dislocations,

-

\,
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"some of whose Burgers.veptors léy.in the inclined (111} planes. Examina-

tion of level d showed that these glide dislocations had penetrated to

the emitter bése‘Junction. No defects were observed at level e (see
Fig. 1ii).

Level ¢ also contained precipitation which was identical to that

- observed in the {111} and {112} oriented foilé. The diffused wafers

were subjected'to a cleaning treatment before chemical thinning similar

to the (111) foils (i.e. HNO, and HF). ' The resulting thin foils had

3

.a much lower density of precipitation than that in uncleaned foils.

Also the distortion of the foil surfaceSWas considerably reduced and

thus more detailed observations could be carried out on the precipitates.

" The observed precipitation, as expected, was confined mainly to the

perpendicular (ill] pianes. 

The precipitates were not distributed on a homogeneous scale through-
out the foii but were cmfined to small areas separated by areas of
high diélocation population as can be séen in Figs. 10, 11 and 12. The

area argund a patch of precipitates usually had very few dislocations.

}

C. (llgl Wafers
For the (110} orientation solute coptraction stresses can be
relieved in both directions by'grdwth of precipitates'on the two planes

perpendicular to the surface. This may explain the absence of

_dislocations near the precipitatesifor this orientation. Precipitation

was not distributed homogeneously but rather was clustered as shown in .

Figs. 8, 9, 10. Figure 9a and b respectively show the precipitate
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" images for a near (110)-orientation and after 12° tilt about the

- [110] direction. The precipitates on the perpendicular (111) planes

have a sémielipticél»plate 1ike.shape and as at A'in’9b are beginning '
to show fringe contrast. | B
The lighter than béckground areas apparent in Figs. 8 and 9 are
caused by a prefergntial aﬁtack by the polishing- solution near the
precipitate cluster. The stereo pair in Part I, Fig. T, showed clearly
that'the pit_and preéipitates were on opposite Surfaces of.the foil.

-

This suggests that below the regibns where a precipitate cluster forms

?’there is a»region,of different éompositiOn,'probably d.region'of‘lower'
o phosphorusﬂconcentratign. .This éauses»a:préferential attack by the‘\
'13 éhemica1 pglishing égent evénubefore the degpeét:precipitate ﬁlate was,'
ﬁ'jreached“dufiﬁé folishiné;from the}back side;‘.The:extreme "patchyﬁv_

:Aoccgrrencé of précipitation fu;ther.éUQgests éhaﬁ'lbcal fluctuations
.,;in.compﬁéition ekisﬁéd peaﬁitﬁéjoxidé surface.duging-thé diffusion

.process.

" ' A thin-foil with areas of'precipitation.éiﬁiiér to that shown in

Fig. 10 was placed in a concentrated hydroflﬁoric acid solution for

.approximately 20 sec. Hydrofluoric acid does not attack silicon but
'-'ﬁill remove any phosphides‘pr:oxides that are present. After this
cleaning treatment the foil was re-examined‘in the electron microscoﬁe.

'lIt now contained many areas similar to that shown in Figs. 10 which were

leached out during the acid treatment (Fig. ll).aTOne can also see in

Fig. 11 “at A that part of one defect is still remaining. - Only the



i

(lll}dplanes it was difficult: te fﬁrthei investigate the nature of the

. conld be made by'compafison with Kikuchi Maps for’silicon.

<11~

.. thicker portion appears to have been dissolved by the cieanina treatment,
4AThe contrast at A (Fig. 11b) from the némaining nart of the defect is |
" similar to that which would be expected from an interstitial Frank

d dlslocatlon ‘half 1oop lying in a (111] plane perpendicular to the plane

~ of the foil, i.e.—g. b=1. Shockley partials would not be visible for -

the reflection nsed. 1z

Since most of the precipitation‘occnrred on the perpendicular
precipitate in this orientation because of, the small tilt possible in

the microscope (~20° max). Consequently foils were wedged in the holder

' 50 a8 to observe precipitates on the (ill) end (111) planes at a
. more favorabie angle{_ ‘The exact orlentatlon of the foil after wedging

“could not be preselected but & rapid determlnatlon of the orjentation .'

’ 7‘,

Examination of a {110) diffused foil, tilted into the (112)

. orientatibn showed that the platelets exhibited fringe contrast similar
yto that of stacklng fauLts and to that of the preC1p1tates seen in [111}
'T:f01ls (see Fig. 12) The palr of mlcrographs-l3a and b shows that the

..prec1p1tate is bounded by 8 dlslocatlon (Flp l3a) Wthh is- out of

contrast in Flg. 13b. The frlnge contrast, hOWever, is still visible.

B ;

' U51ng a 311 reflectlon the frlnge contrast was 1nv151ble but the

surrounding dislocation was in contrast.,
* 8ilcock and Tunstall 3 have rccenuly shown that for large devnations
from the Bragg angle, contras® effects that ‘cannot be accounted for by

using a simple g.b criterion are‘observed.';They,can be accounted for,



by Silcock and Tunstall
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however, by considering the term té.ﬁxﬁj.in the equations devised for
the dynamical theory of contrast, (where ﬁlis a unit vector tangent
to tne dislocation linel, 'These authors found, however, that when
g.b ﬁ'otthis term did not appreciably affect the intensity of the

dislocation image. In our work oeductions concernlng the Burgers vector

- of 1mperfect dlslocatlons were made in dark field-at s = O and for all

of the reflections used g.b A 0. Thus,.both difficulties pointed out
13 were avoided and thecontrast was deduced T
using the simple criterion for partials that when g.b = il/3 they are l
invisible, but wnen g.b > 2/3‘pertialslerefvisible;

The plane of the defect in Fig. 13 is (1I1)*. "Assuming the usual

‘ displacement vectors assoc1ated w1th stacklng faults, the é'B products

for pos51ble partial dlslocatlons on this plane are shown in Table I.

Accordlng to the crlterla of Table I the fault should be out of

" contrast for the 311 reflection, based on a.simple stacking fault model
" (that is when ébﬁ'is integral)' ThlS is what was observed. Since‘the
:dlslocatlon is 1n contrast for both the 220 and 3ll reflectlons 1t could

be elther a-Frank partial b = a/3 [lll] or a Shockley ‘partial of

b = a/6 [112] type However, from the observed contrast of the end-on

- defect (A in Fig. 12) the partlal cannot be a Shockley Under-contrast,

3

experlments, all of the defects of the (lll) plane in Flg. 11 behaved

31milarly to the defect in Fig. l3 and thus are identical in nature. o

To further substantiate that the d1slo<atlons boundlng the prec1p1tatee B

were pure edge dislocations,contrast experiments were done utilizing the

*The unique habit plane is immediately deduced from the unique

orlentation obtained by Kikuchi and trace analysis.

e
R T
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appears to have provided the pucleus Fir growth of the lox

~1%-

reflections indicated in Tables II. This analysis was facilitated with

the aid of the [00L] Kikuchi Map.

In all cases the boundary dislocations behaved as Frank partials.

The nature of the fault contrast, i.e;; whether extrinsic or intrinsié,

was determined using both the methods outlined by Bell et al.8 and

b Both techniqués showed that the contrast was ex-

trinsic or interstitial.

In a few cases a dislocation'lyiﬁg in the (llO]‘plane'appeared to

- be associated with one of the longer pfecipiﬁates onlthe perpendicular

e . R ' ' )
f111) plares. In Fig 14, = disioza®icn of Bargers vector z

on the (I11) plane.
SUMMARY AND CONCIUSIONS

The precipitates are in the.formjéf thin platelets with a bounding

| Frank Dislocation and they 1lie predominantly on the {111} planes that

are most nearly perpendicular to the surface. The maximum misfit is

in the ¢ direction, which is perpendicular to the plane of the plate- -

'let. The diffraction contrast has been found to be consistent with

an extringic fault with a normal displaceméﬂt vector in [1I17. However,
the magnitude of thé displacemenﬁ vector for a.given platelet may nof
be exactly 1/3 (111). A small deviation'from this value would result
invthé observed contrast.’ Since;tﬁe diffusion induced stress is tensile,':
these.éecond phase platelets‘act-to re§ucé.this streSs. | |

The.form of the precibitate stronély:suggests a similar mechanism

to that proposed by Booker and Tunstall:for the growth of oxide plates
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in si_licon.l5 The precipitationlin it carly stage of growth may bé
similar to an extrinsic stacking fault as‘dﬁé layer of precipitate with
a iayer repeat disténce of 6.75R would corréspéﬁd fo two layers of
silicon with a 3.18A repeat distance. If further thickening of the w
"-platelet occurs such és is indicated inaFig{ 6 and the partially dissolved
. platelet in Fig. 1lb the strain iﬁ thevsystem may be relieved by:removing
. one or more planes:of atoms parallel to the habit plane of the precibitate.
Thus, the.platelet'may become a sink for vacancies.16 The precipitates
are in the form of three plates parallel to (111} -of the matrix and are
probably base ééntered'orthorhombic with (OOl)p // (lii)si. <

Thus, tﬁe results herein have shown that massive precipitation
occurs in thevéurface Jayersvof a doubly diffused structure during the
phospho?us diffusion tréatment. The growth plane of the precipitate is
controlled by the diffusion induéed stresses. Thé fact that the pre=
:cipiﬁates do not extend into the ﬂunctionvindicates that it probably .
does not directly affect~junction‘propérties. |

Previoué‘authoré have inferred,by.etch-pit sutdies thét penetration
of the junction by diéldcafions gccur.:'In this_épudy; dislocat ions
penetrated to the_eﬁitter~base junctioﬁ in §ﬁly (110) foils in which
dislocationg capablévbf glide inﬁo thé wafeé are creéted as part of

the basic network.

2
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‘Fig. 1.

Fig. 2

.Fig. L

~17~-

FIGURE CAPTIONS

‘Schematic of specimen preparation w1th level examined in micro=-

. scope indicated by arrow. (a-e)

(i) d1ffus1on of boron to produce emitter

(ii) doubly diffused wafer

Stereo pair of diffusion induced dislocations found at emit ter
surface (1evel iic). Three families of precipitates can be

seen, lying near the orlglnal diffusion surface. NOTE - hold

liistero glasses approxlmately 6" above and centered on the pic~
;f?ture whlch should be well ]Ighted ‘Rotate glasses until the
: black dots in the center of ‘each plcture are superimposed. |
i—Thickness contours near edge of silicon sample containing

- apparent pre01p1tates. The behatvior of the contours at the

"precipitate" A is oharacterlstlc of a cavxty 300A deep.

,Precipitation at emitter surface in {111} doubly diffused

transistor. The foil is in exact [111] orientation and the

_'platelets are.parallel'to (lIO) directions. The dislocations

" lie along the (112) direction which is perpendiculear to the

Fig. 5

i

'.preCipitate trace'and'are-of pureéedge type. These disloca-

tions partially rélieve the diffusion induced stress parallel

flto the precipitate whilst the precipitate relieves the stress

:~‘:in ﬁhe direction parailel to the dislocation.

Diffraction patterns from edge-on prec1p1tate

" (a) Silicon matrix in (ll?) orientation

(b,c)Silicon matrix in (011) orientation with different strong

. matrix reflections operating. Note the alternation in the

muiltiple diffracted spots. = . : )



Fig. 6

Fig. T

Fig..8

Fig. 9 |

wlBw

Parallel moiré fringes ‘can be observed superimposed on the
precipitates. The orientation is near (112) and the pre=-
cipitates in which the moiré fringes are observed are per-.

pendicular to the foil plan=.

Diffusion induced-defects at the emitter surface of a (112}

~wafer. The foil is in symmetrical (112) orienfationg Only-

- one type of dislocation was observed, e.g., one whose Burgéfs
. vector is pérallei to phe:precipitate. The precipitate.ré-
lieves the stress in the [1lfj direction. |

 Pfecipitati6n at emitter surface in a [llbj_doubly diffused

structure. Prefdrential etching has'occurred in the wvicinity

of - the precipitates.

Typical area of foil showing{precipitation on perpéndicular

' (111) planes with the $urrdﬁ6ding area having been prefer-

w4 entlally-dissolved.

. (a) near.(110)_orientati6nfii‘

- Fig. 10:

;j (b) after 12° tilt ab@ﬁt'Ilofaxis. ﬁote the semielliptical
" shape of the-préciéitafqes. A;t A, ‘displa.‘cement fringes are
visible. R | | .
:'Precipitation at emittér‘surface in [llO]'doubly diffused:
h ,wafer. 'Precipitates appea%ed.in_very:de?se patches of plates
. on the berpendiculﬁr {ill) pianés. Freéuently as at A above,

5jth1cken1ng appears to have occurred over only part of the

- 7platelet. A few prec1pitates on the less steeply 1ncllned

planes are apparent in thls mlcrograph (b) but thelr form

appears to be more hexagonal in shape.’



. Fig. 11
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 Typical areq?of foil after rinsing in cold HF solution

/ : :

(a) leached out areas which prior to the acid treatment

. contained precipitation similar to that shown in Tig. 12.

(b) Contrast at defecct in Area A, part of which has been

. dissolved by the asid.

Precipitates after wedging [110] diffused wafer into (112)

orientation. Displacement fringes are associated with the

precipitates lying on the lil»planes. The bounding dislocation

" 'is out of contrast for the reflection used.

Precipitate contrast in wedged orientation (near 112) ).

' (a) ‘Defect shows both fringe contrast and dislocation contrast.

"'(b) Defepﬁ shows fringé_cbnﬁrast only.'f

A dislocation of a/2 [1I0] Burgers vector which appears to

- be associatedlwith'a'fault on the (ill)'ﬁlane,' The fault

*:‘which_formed fromwthis dislocation extends'into_an area of
dense precipitation;f'j

i

.
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TABLE I e
Contrast conditions (i.e. g.b values) for partial dislocations in (1I1).
Dislocation/reflection S S - 230 3ii
1/6 [12] 0 1/3 -2/3. -l
1/6 [121] . -3 0 -1/3 0 ' -
1/6 (2211 2/3 13 1
1/3 [111] ©1/3 SN 75 1




Contrast Conditions for defects on (111)

-21@.

TABLE II

ReTTections
Defect on (111) 400 131 311 131
1/6 (211] B V- S Y 1
1/6 [112] Y T V2 RV 0
1/6 [121] 2/3" o ff' 2/3 _ 2/3 1
1/3 [111] W3 o -5/3‘-‘ 1/3 -1
Dislocation in o ino out in
contrast .
Fault Contrast " | " in. out
. ©
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ZN-5662

Fig, 3
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Fig. 4
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Fig. 5
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ZN-5661

Fig. 6
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Fig. 7
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ZN-5664

Fig. 8
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ZN-5655

Fig. 9
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Fig, 10



_32-

ZN-5656

Fig. 11
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Fig. 12
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Fig. 13

ZN-565T
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ZN-5665
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3 This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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