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Web silicon ritborn has recenily emerged as e materiel for ihe production
of high efficiency solar cells. Since defects iniroduced &uring growih may
influence locally minority carrier recombinetion rates, there is now & need to

examine the defect siructure in deteil and o correlate it with "

o

activity". Tris work describes initisl observetions made orn wet material by
EBIC and HVEM,

Although EBIC investigetions have shown that dislocaticns emerging at the
web surface enhance minority carrier recombination rates, their density is low

>

encugh (typicaelly 10 cm—z) to have only a small effect on the efficiency of
the materiel as 2 solar cell. Since a condition for dendritic web growth is
that the dendrites contein at least two twin boundaeries it is usuel to find
that some of these boundaries extend into the web. These boundaries are formed
perailel to the (11l) growth surface and are found to be sites of stirong elec-
trical activity.

HVEM has bpeen used to study the defect structure at the twin boundery.
Two types of dislocation networks lying on different {111} planes have been
observed, presumably corresponding to two adjacent twin boundaries. One network
consists of an hexagonal array of twin beundary partial dislocations interacting

with Lomer-Cottrell locks. The other network is made up of both perfect and

partial dislocations running in the [2I1] growtn direction.
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current interest in silicon wWar 1s due Tl JITE plilentliis ige as & 3UIINrLle

meterisgl for the economic productiiorn of high efficiency sclar cells. Seidensticrzer I

-

has shown that the cheracteris<tics of sclar cells febriceted from dendritic web zre

vircually identicel to +hose mede from the more commonly grown Clzochraelsxi mazterial.

Since crystalline defects in semiconductor materiels frejuently &ffect the

electrical proveriies, e.g. minority cerrier lifetime, the stiructure and electrica

activity of the defecis in silicen web were ithe subjects of the present investigazilc

Thie report summarizes the resulis of a preliminery study ol Two

dendritic web samples, identification numbers W169~3.LC a&nd J135-3.6.

2. Experimental Techniocues

Opticel microscopy of chemically tched specimens was used to determine dis-
locetion densities. Samples were mechanically pclished, then Secco(l) etched for
epproximately 5 minsi

High voltage transmission eleciron microscopr (HVTEM) was used to cheracter-
ize the crystallographic ‘nature of the defects. The twin planes in web rmateriel
ere parallel +o the surface (and at or near the center of the rivbon). The wedb
thickness is only ~150um and, for this reason, it is diffiecuwlt to rrerere e

specimen for TEM where the twin bounderies can be viewed end-on. Specimens for

the present investigation were therefore thinned as symmetiricelly as possible from

both surfaces with HNO, :HF:HAc (5:1:1) until & hole with tapered edges was formed.

The centrelly located twin boundaries were, however, generelly not conteined in

the very thin (d ¥ 0.5um) annulus around the hole that can be inspected by
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voltege microscope {2 meV) wish i<s large penstrating rover of several um
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vroved To be essertial 1o imsge the twin tiane or rlenes at the approximiate center

e elecircnic properties of the materiel were studied using a2 scanning
electron ricroscope (SEM) opersting in the EEIC mode (electron beam induced cur-
repu). In this mode the electiron beam is used to inject minority carriers which

-

are coilected zt the specimen surfece tc form the Z3IC image. At regions of en-

henced rminority cerrier recombination the collected current is less than zt defect

-4

free regions. The images at these points therefore sppeer dark irn the I3
grapis.
Finelily, e multi-wire, real time Leue back reflection x~ray camers wzs used

+o determine twinning relestionshirs in & variety of unthinned wedb materisel.

2. Results

e. Web-Dendrite Geometry

-V

The crystellograpnic orientation of the web and dendrites is shown
schemetically in Figure 1. The dendrites must contain at least two planes before
dendritic growth of & diamond lattice structure can oceur(3) eané, although it is
not necessary, it is common to find some of these twin plenes extending into the
web. Both the W180-3.4C and J135-3.6 webs were Laue x-reyed to determine the
crientation reletionship between opposite growth faces. Figure 2 shows an Xeray
pattern taken with the beem striking the W180-3.4C web end-on. The (111) twin
reletionship between opprosite faces is evident showing that the web contains an
odd number of twin plenes. X-ray patterns from the J135-3.6 web determined thst

+his sample contained an even number of twin pleanes.

ORIGINAL PAGE IS
'F POOR QUALITY




£
b
H
m
3}
)
ot
3
)
1
S
t
'3
)
m
'
i
l"
133
in

- - I’ . . .
e sxatak oF the war surlace ~NdLTaTing Tne gresas oorresglin

(83
n
b
'
§
’)

igure 3 ,!) shows the relationshir bezweern T
ir. the center of the web &ropring e mS.luh et the edres. I3
is genarelly accepted(5,c’ that most of the dislocetions in silicon webs origpinste
from highly strained regions in the dendrites, caused by liguid entrarment during
growth. Suck a regicn is shown in Figure L, with the sliy plene traces cleexvly
visitle. The meximum of sboutr 5.20° éislocetions rer or” cbrgerved in Tigure 3,0
is due ¢ thermel siresses éenerated during growth ceusing mos+t of the dislceeticons
tc slip into the center of the web. If the siresses generated a% & dislceoetion
source are insufficient to promcte slip, then these dislocations will remein at

regions clese to the dendrites. This exprlains the seccndery maxima observed in

Figure 5 shows an EBIC micrograph of the web surface, The dark spcis on
the micrograph are caused by enhanced minority-carrier recombination et disloca-
tions inclined to the surface. The density of electrically active defects cbserved
in EBIC is the same as the etch-pit density observed ir opticael microscopy, sug-

gesting that most, if not ell, of the dislocations intersecting the web surface
are electrically ective. Solar cells with relatively hlgh efficiencies have been
Tabricated from silicon web containing dislocation densities ol the order of
magnitude observed in the present study(7), indicating that either the elecirical

activity associated with these defects is not strong encugh to significantly detract

from cell performances or that the defect densities are at a tolersble level.
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+ed 2t the twin bounderies and thet in this reglon stirong minority cerrier relln-
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tinetion rrocesses occur. It is thought <hat the thermel siresses generastel dur-
ing growth also cause dislocations to slir tc *he interior of the wet, where ihe
twin planes act as obstecles tc further sliy processes. Figure
microgreph ¢ the same aree as the EBIT image after the specimen hald beern etched

ic3e ani delineate the jefect. As in the cese of disloca-

+

2

to remove the Schottky
tions at the wet surface, there it a clese egreement between the density ¢of Jarx
ERIC feutures in Figure € end the ortical etch pit density in
correspondence betweern Figures € and 7 is not possible since the etching rrocess
removes several um cf meterial from the surface. 3oth E3IC and orticel nmicrogrevhs
show that two twir bounderies exist in the web, i.e., 2 microtwin, and that the
dislocatiorn density on one side of the microtwin is higher thean cn the cther.

The fine line marked A ir Figure € is thought to be & small angle grain
boundary; however, this has not yet been confirmed. The width and contirast festures
are not typical of surface scraiches normelly visibtle in E3IC microgrephs and the
contrast is probably due to the surface topology rather than ¢c en asscciated
electrical ectiviiy. Leue x-rey diffraction petterns from either side of the
line failed to reveel any difference in orientation, indicating that, if the ob-
served feature is indeed a low-angle boundary, the mismateh is <1°. Similar
features have beer observed by the authors in other web specimens where they are

visible on the surface faces.
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< are also strongly electricelly active.

d. DeTect Structure gt the Twin Planes

3

Previous investigetors(S) identified the defect siruciture of <win
boundaries in silicon web as comrlicaned errays cf dislocations displaying <2210>
Burgers veciors, with the dislocation lines primarily éirected aliong

<110> directions. The present study has confirmed the existence of these &is-

locetions and in addition has identified two sets of misfit dislocations., Tigures
9{(a) = 9{&) are HVEM micrographs of web J125-2.6 showing an hexagonal errzy of

twin boundary dislocations imaged with different diffraction conditions. Trom
contrest anslysis the Burgers vectors of these dislocetions were determined es be-

ing of the <211> type. Each set car bpe extinguished by using the eprrorriste

{220} reflection. The observed Burgers vectors are in agreement with the prediection

of the Bollmen theory(9), that intrinsic dislocations in coherent twin boundaries
are Shockley partials, b=1/6<211>. These dislocations take up e small twist com-
ponent in the (111) twinning plane. The twin relastionship could be eesily verified

Ip!
from selected area diffraction. The twist component estimated from € & =— 1

[y
w
Iz
2

+he order of 0.01° and is therefore too small to be detected by eleciron diffrazection.

The second set of misfit dislocations, Figure 10, consists of slightly curved
dislocatiops running in the [2II] direction. They are also contained in z (111)
twin plane and take up & small tilt component. Most of these dislocations are 60°
partials having Burgers vectors = 1/6[121], all of the same sign of b as revezled

by +g, -g, while others are perfect dislocetions with Burgers vectors of %[oIz ], 90°
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pnd L12TC0, 32, The &iffrestion vestor in Tigpure 1087 wes pnIsen Iulh tnel
<he partiels were our of ccnirast. C'Hsrs and Schwuitke, using e —orge gres
snenning oscillator technigue (SIT) fzenzified tne edpe sni 227 persest dislioz-
<ions but 413 rnot resolve the €2° rertials. They &lsc repcried Zislccetions witlh

n

Surgers vectors (1C1) and [210] type Iying in the [I11. directi

'l

a’so nowed +hat such dislocations should not si

epcrced above.

H

Figure 10 alsc shows straight dislocetions running in the <110> directions,

*

- .
Tirure 9, Ereres nmicroe

end pert of ar hexagonal network similar ic that shown in
grephs show that these dislocations ere nct contained in the seme (111! plane
the curved disloce:ions and must therefore belong to enother twin piene, I.e.,
the other side cf a microtwin. A strong interaction occurs between the dislcce-

tiorns running in the <110> directions end the network of pertials. The sireligr

dislocesions have <110> iype Burgers vecicrs and are edge sessile. They form

wher dislocations slippirng on either (1Ir), {11I) or (Zil) plenes intersect
dislocations in the twin plenes and form Lomer sessile dislocetions. O'Hare end

Schwuttke proposed that the reaction for dislocations slipping on the (I11) rlene

would te

La 021 + Lea [2C2)] = 3L a [210]

(111) plene Tii) plene Lomer dislocation

The % & [110] Lomer dislocations, shown in Figure 10, lying slong the [110]

.I
ch

direction, can then dissociate into & Cottrell-Lomer lock by the following resction.
% e [110] = 1/6 & [113]) + 1/6 & [110]) + 1/6 & [122]

+ is likely that the dissociated partiels are responsible for the interections

with the hexagonal network.
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investigesion has identified Lomer dislocations lying iIn

directions contained in <he {111} twin rplane.
Tr both the etch ané ERIC studies it waes ncted thet the dislocutiorn dens

-

£

was kigher or one side of +the nmicrotwin then on <the other. The EVEN siu
+he twin plznes.

glso showr thet most of the dislocation resciions cccur on one of
irn +the meterial

+ is likely +het an irnhomogeneous stress distribultion 1s present

t4

uring growth, e.g. by buckling of the web.

e

i, Conclusions

The present study has shown thet the defect structurs in silicon web enhences
meterial

minority-cerrier recombinetion rates. The dislocations in the bulk of the
ere electricelly ective. BEmpiricelly it is known thet this activity does not
_significantly reduce the cheracteristics of soler cells. ince complete devices
have not yet been investigated it is not known if the defect density is simply

+too low or if ennealing reduncs the electrical activiiy of disloca*ions{10). The

surfece parallel twin boundaries typical of this uaterial ere essoceiated with e i

density of dislocations. EBIC shows that these dislocations zre sites of high

minority carrier recombination and & reduction in solar cell efficiency is there-
fore expected when twin bounderies lie in the active region of & solar cell.
The defect siructure of the twin plenes has been investigated uzing HVEYN, end

several dislocation-types not previously reported in this materiel have been identilied.
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the dislocations cbserved at the twin rlsnes snd their esscolgied electricer
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gctivity. The ocourrence of seversl <yres of dislocaticons and +the relativelr
iarge spacing between them muekes it an ideal gandidste for 3ivect ZZIC end TZY

correlations. In addition, en esittemrt will be made tc guant

thereby allowing & beiter ccxperiscn between ithe elect
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Coticel microgravhs of etch rits.

opiicel micrograph of e dislocetion source.

E3IC microgreph of & web surface.

Optical micrograph of same region as shown in Figure £.

ZBIC microgredn of surface-paerslilel dislocetions.

HVTEM micrographs of & dislocetion network.g:diffrection vecstor.

EVTEM micrographs (see text for details).

E5IC microgreph of 2 bevelled surface showing electriczl ectiviiy near Iwin




R T

——Dendrite Seed

Button
—

== Bounding Dendrites

——— Web
Twin Planes

Figure 1 Schematic Section of Web Growth

-

(Lfer Dunecan et al,="Silicon ..ep Frocess Developmert®, D0Z/0TL
Repost Mo, $5LESL=T3/1 {157.).

i
|
|
|
1

I ST Sy .



han adala a0 L L o e d SRR e s a ok L Jhahe o hh Sl Al el Ahah ot na h. bR ds e Lo e i dadacdua o A okon Lo il L a0l et e b

TALITY

PAGE IS

N - i
.m“ =z 5
N ~

L e e e




cengr le

]
}
' .
e '
: o %o e,
.. . . . ey
’ . ‘ . ® i
- .q . .
‘ A . <
. .'O'.'o. * o 5
‘ = n
' ® - . .
] M s
| s
& . » ‘....' .
“al AX A \
4 i / \
ad - %
‘ g e
e N -I‘.
. N L 5
. AR B .,.‘
. -

Dislocation etch pits In web-dendritic

silicon

. R T
S werrungham /D 5 Ast




/O/cmz
4

Lo

el
9w Ve .
Pa/ ,‘l.."}'. i
w0
i 8 '&'"' .

s
o
wm

—
wn

L 5104

- -
Jengr:ie web jencrite

Dislozation etch pits in web-dendritic silicon

Fig.3 B Curningham /DG As

‘
.




100um

Fig.4




k4

Fig.5




Fig.7

Fig.6

——— ") o= - wy P % . v B Y ™
¥ Mg ¥ = PR SN ,& : ;ﬁf’f's-
: e sl -




Fig. 8




6 614

X LN g ., .
:\?M IR Y

el NSO et L0
R TR

sh, A\




wdgz




	1981002943.pdf
	0001A01.jpg
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001B01.tif
	0001B02.jpg
	0001B03.jpg
	0001B04.jpg
	0001B05.tif
	0001B06.tif
	0001B07.jpg
	0001B08.jpg
	0001B09.jpg
	0001B10.jpg
	0001B11.tif

	notice_poor quality MF.pdf
	0001A04.JPG
	0001A04.TIF
	0001A05.JPG
	0001A05.TIF
	0001A06.JPG
	0001A06.TIF
	0001A07.TIF
	0001A08.TIF
	0001A09.TIF
	0001A10.TIF
	0001A11.TIF
	0001A12.TIF
	0001A12a.JPG
	0001A12a.TIF
	0001B02.JPG
	0001B03.TIF
	0001B04.JPG
	0001B04.TIF
	0001B05.JPG
	0001B06.JPG
	0001B07.JPG
	0001B08.JPG
	0001B09.JPG
	0001B10.JPG
	0001B11.JPG
	0001B12.JPG
	0001B12a.JPG
	0001C02.JPG
	0001C03.JPG
	0001C04.JPG
	0001C05.JPG
	0001C06.JPG
	0001C07.JPG
	0001C08.JPG
	0001C09.JPG
	0001C10.JPG
	0001C11.JPG
	0001C12.JPG
	0001C12a.JPG
	0001E02.JPG
	0001E03.JPG
	0001E04.JPG
	0001E05.JPG
	0001E06.JPG




