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ABSTRACT

High quality sil icon p-n junctions have been prepared by alloying
a vacuum evaporated Al fi lm into n-type Si and by epitaxial regrowth
of an As doped Si amorphous layer onto p-type (100) Si by a single
short pulse of ruby laser radiation. Transmission electron microscopy
investigations indicated that a defect-free epitaxial layer was grown
on the (100) Si surface; however, some polycrystalline structure in
the very near-surface region was observed, which does not seem to
affect the junction characteristics. Laser assisted junction for-
mation in GaAs was demonstrated by alloying Mg films into n-type GaAs;
however, diode characteristics show a large leakage current which may
have been caused by the surface damage.

INTRODUCTION

The use of laser radiat ion to dr ive a surface-deposited dopant
in to Si end GaAs substrates to form p-n junct ions has been i nves t i -
gated by a number of au tho rs . 1 ' - This technique i s important
because i t i s a much simpler and more easi ly automated process than
thermal d i f f us ion and ion implantat ion. This i s pa r t i cu la r l y advan-
tageous fo r devices such as solar c e l l s which require high-volume,
low-cost fabr ica t ion techniques to be economically competi t ive. With
photovoltaic appl icat ions in mind, we have studied junct ions formed
by the deposit ion of B4, Al , and As-doped Si onto Si and Mg onto
GaAs, followed by i r r ad ia t i on with a Q-switched ruby laser . Our
resu l ts indicate that a nearly ideal abrupt junct ion with low leakage
current can be obtained in the Si system. Si l icon solar ce l l s f a b r i -
cated ty t h i s techniqja have shown AMI e f f i c ienc ies as high as JO.6%
without an t i r e f l e c t i on coatings.

EXPERIMENTAL METHODS

Polished 10 fi-cm n- or p-type Si wafers and Si-doped n-type GaAs
wafers were used as substrates. Thin f i lm evaporations were per-
fo.med by electron-beam vacuum-coating in a vacuum of 10-6 t o r r .
Pr ior to evaporation, the s i l i con wafers were cleaned to remove orga-
nic and metal contaminants.6 They were then immersed in a solut ion
of HF:H20 (1:10) and f i n a l l y rinsed in d i s t i l l e d water.
Ell ipsometric measurements showed that the thickness of the S1O2 1 =iyer
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af ter such treatment was ^ 20 ft. Ui'r> <mrif.ia1 ing was preformed with a
Q-switched ruby laser which delivered on '• 40 nsec pulse on a L>/8"
diameter spot. Electr ical measurements used included van der pauw
measurements to determine the e lect r ica l ac t i v i t y in the doped layer,
and dark I-V and reverse-biased capacitance measurements to study the
junct ion character is t ics . The perfection of the doped layer was
examined by transmission electron microscopy.

RESULTS AND DISCUSSION

I . Junction Formation in Si l icon
A. Aluminum Alloyed Junctions

Aluminum was evaporated on Si at a deposition rate of 10 ft/sec to
thicknesses of 50 to 250 A. After laser treatment, the remaining Al
was removed with HF:H20 (1 :1) . Table 1 gives the e lec t r i ca l para-
meters of the alloyed layers. For Al f i lms up to 100 A t h i ck , roughly

Table I . Al deposited on Si

50

100

200

250

A
o
A
o
A
o
A

(n/Q)

96

64

75

85

(cm2 vP-i

13

10

9

8

sec-1)
n

(cm-2)

5.0 x 1015

9.4 x 101 5

9.4 x 1015

9.4 x 1015

15% of the Al atoms were driven into subst i tut ional si tes by the laser
treatment. Judged from the e lect r ica l a c t i v i t y , the subs t i tu t iona l i t y
of Al in Si appears to saturate at a value of r» 10*6 cm-2. yrom
previous work,4 we know that the dopant concentration obtained by
th is technique can be well above the saturation s o l u b i l i t y l i m i t .
That th is was the case in the present studies was confirmed by sub-
sequent annealing of the sample at 500°C fo r 30 min, which showed that
the e lec t r ica l carr ier concentration was decreased by a factor of four.
The hole mobi l i ty in a l l of the samples shown in Table I seems low and
thicker f i lms exhibited even lower mob i l i t i es .

The resul ts of measurements of the forward and reverse bias
current in a small mesa diode (A = 1.115 x 10-3 cm3) are shown in
Fig. 1. The forward current follows the ideal-diode equation
I = I o [exp(eV/Akt)- l ] with A = 1.20 over a reasonable range, which
indicates that charge recombination and generation within the space
charge region i s quite low in comparison with that generally obtained
for thermally-diffused junct ions. The leakage current in the diode
is also low as indicated from the low reverse-bias current . The
reverse-bias capacitance plotted as C"? vs> V i s shown in F ig. 2.
The straight l i ne indicates that the capacitance varied with voltage
as (V + Vjc t)"0«50 which shows that the dopant d i s t r i bu t ion in the
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space charge region changes abruptly
from p- to n-type. The dopant con-
centration measured in the depletion
region is in good agreement with that
obtained by Hall effect measurements.

Figure 3a is an electron micro-
i graph of an 150 & Al-deposited laser-
treated specimen. The micrograph

shows islands of aluminum oxide and silicon polycrystalHne regions
near the surface and this; was confirmed by selected area diffraction
patterns, as shown in Fig. 3b. The low mobility values in Table I
may be due to these polycrysUlline regions. Ellipsometric measure-
ments on the sample surface indicated that more than one phase of an
aluminum oxide layer existed on the surface. The index of refraction
of the oxide f i lm varied from 1.9 to 3.1 with thicknesses in the
range of 300 to 500 A.

Aluminum-deposited laser-annealed Si solar cells have been fabr i-
cated and tested under AMI il lumination. Without antireflection (AR)
coatings and back surface f ie lds, we typically obtain Voc = 555 mv,
Isc =27 ma/cm^ and FF = 71%, which results in a conversion efficiency
of = 10.6%. The aluminum oxide formed on the cell surface may serve
as a partial AR coating but this has not yet been definitely
established. Higher efficiency cells a"-e anticipated by better
control of the laser parameters.
B. Epitaxially Grown Junctions

I t was demonstrated recently by Lau et al.? that a single
pulse from a Q-switched Nd-YAG laser can recrystallize an amorphous
Si layer deposited on a (100) Si substrate. Here we have used a simi-
lar technique to grow an epitaxial junction on (100) si l icon.
Czochralski-grown si l icon, heavily doped (1x1019 cm~3) with arsenic,
was used as the deposition source. A 500 A layer of amorphous sil icon
was evaporated onto a p-type substrate at a rate of 10 A/sec. A
single pulse from a ruby laser with energy density of 1.5 J/cm^ was
used to recrystallize the f i lm. Figure 4a is a bright-f ield electron
micrograph of the laser-treated, As-doped epitaxial layer. No
defect.;, either in the form of clusters or extended defects such e,s
dislocations or stacking faul ts, were observed within the microscope



resolution of 10 A*. A diffraction pat-
tern of a selected area from the same
specimen is shown in Fig. 4b. It shows
that the deposited layer has. grown in
the same orientation as the underlying
substrate. The complete regularity in
the diffraction pattern is also taken
as evidence of the perfection of the
lat t ice in the grown layer. The region
at the interface between the deposited
layer and the substrate was examined
carefully, and no defects in any form
were observed. The electrical activity
of the epitaxial layer, as measured by
the van der Pauw technique, gave
n = 3.3 x 10l4Cm-2, p = 206 ft/D and
y = 91 cm2/V sec. Due to the higher
vapor pressure of As relative to that
of Si, a preferential As deposition
wi l l occur during evaporacion from the
melt, which accounts for the high value
of the free-carrier concentration.
Dark I-V and reverse-biased C-V
measurements on an epitaxial mesa diode
are shown in Fig. 5 and Fig. 6, respec-
t ive ly . The near unit value of A, the
small reverse bias current, and the
straight l ine from the C~- vs V plot
give evidence that a superior abrupt
junction has been formed.
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I I I . J u n c t i o n I 'ormation '•.<) GaAs
I Some prcl iminary sI';•••' fc-s have
been carried out on junct ion formation

" |by deposition of 200 A of Mg on (100)
iSi-doped GaAs containing an i n i t i a l

v,u.,.i.: dopant concentration of 7 x 1017 cm-3.
! The deposition ra t f was 15 A/sec.
Laser annealing wo?, performed with

pulses of three d i f fe rent energy densi t ies, i . e . , J.3 J/cm^, 0.8
J/cm2, and 1.5 J/cm2. After laser treatment,the Mg remaining on
the GaAs surface was removed with hot Ĥ O-.NaOH (10:1 by weight),
followed by H2O:CrO3 (5:1 by weight). The low-energy laser radia-
t ion (0.3 J/cm2)did not melt the Mg f i l m , so an a l loy did not form.
High energy radiat ion (1.5 J/cm?) leads to s ign i f icant surface
damage and vaporization of both the Mg and the GaAs substrate.
Surface damage was greatly reduced when a laser energy density of 0.8
J/crc2 was used. However, some microcraters were s t i l l observed by
optical microscopy. The e lec t r ica l ac t i v i t y of the Mg-deposited,
laser-treated (0.8 J/cm?) GaAs is given in [able I I . For com-
parison, the data from 35 keV Mg-impl anted, laser-annealed GaAs are
also included. Comparable data were obtained for the carr ier con-
centration and mobi l i t y . However, th r; Mg-deposited laser-treated p-n
junct ion had a large leakage current , which may have been caused by
microcraters on the surface. Due to tho re la t i ve l y large suscep-
t i b i l i t y of GaAs to surface damage, i t may be that good alloyed junc-
t ions can be formed only within narrow ranges o f laser parameters and
f i lm thicknesses.

Table I I . Mg deposited on GaAs
-rr•r

) (cm^ V"1 sec"1) (cm~2)

200 A 45

Kg+ implant 64
(35 keV, 5xlO1 5 cm-2)

29

24

4.7 x 10

4.1 x 10

15

15



CONCLUSIONS

High q u a l i t y p-n junct ions can be formed by the use of Kiser
pulses t o induce d i f f u s i o n , a l l o y i n g , and annealing o f f i lms depo-
s i ted on s i l i c o n substrates. Due to the s imp l i c i t y and low cost of
t h i s type o f process, we an t ic ipa te that the methods discussed here,
a f t e r fu r the r development, wi ;1 be extremely useful in the high-
volume fab r i ca t i on o f solar c e l l s .
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