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ABSTRACT

Laser - induced diffusion of various dopant clements into intransic germanium based on the dipping of Ge into
dopant solution, have been used 1o produce doped ge layer using yag pulse laser with 300us duration ( A = 1.664p m),
Four point probe measurments of the layer conductance were used to study the effect of the doping controlled parameters
mainly laser flunce, dopant solution, and anncaling conditions. Doped sample T, . = 200- 500 C for time t , = 45
subjected to subsequent thermal anncaling (at the temperature and to plused leacr anncaling (enérgy density in a min)
pluse E=5.2 - 9.5 J/cm?) in order to cstablish optimal condition.

A monotonic decrease in the sheet resostance with increasing encrgy density for all values of E > 10 J/cm?. The layer
conductance of doped layer increased with the valucs of electric fleid and substrate temperature. Thr degree of electric
activation of laser anncaled (under opitmal conditions) doped layer was much better than the corresponding parmeters of

the layer annealed thermally under any condition in our experiments.

301




ANALYSIS OF DOPANT DIFFUSION IN MOLTEN GERMANIUM INDUCED BY PULSED ND : YAG LASER

INTRODUCTION

Laser - induced doping is one of the important
methods for making solid state devices. The diffucuity
with such an approach will increase with the increase in
thc number of steps. There is an intensive cffort to
develop this technique by a number of groups [1-3].
Single step laser - induced diffusion of silicon has been
achieved by a number of groups, using the simultanous
laser generation of dopant specics and rapid surface
heating 10 promote diffusion into the substrate [4 - 7]
The goal is optimization of device performance, which is
intimately coupled to the irradiation parameters and
dopant species it should be pointed out that out of thirty
papers have been published on the subject so far deal

with one or two dopant specics.

In this paper we present “for the first time” our
studies on the dependence of the electrical propertics of
Ge doped in this way on the paramcters of lascr

radiation.

Our investigation had two aims : firstly to investigate
the feasibility oof incorporation of impuritics into Ge by
single step laser - inducced diffusion, sccondly to find the
effect of irradiation paramcters on the electrical

propertics.
EXPERIMENTAL TECHNIQUE

The starting material in our studies was (311)
oriented 45€2 - cm germanium sample, 500 wm thickess.
The surface preparation consisted of mechanical
polishing with (Al2 03) powdcr of decreasing grain size
(53,1, and 0.5 pm) on microal oth until a mirror -
smooth surfacc evolved. For cach step, Ge dipped into
solution containing onc of the following dopants (Al,
Zn, Ni, B, Cd). The cxperimental arrangment

arrangment used is shown in Fig. (1).
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Fig. (1) Schematic Drawing of Experimental Sct - Up.

Irradiations arc performed by single laser pulse
(Wavclength 1.064 pm of TEMoo mode, pulse duration
300uS) in the sample between (9.51 -15.2 J/cm2) at
room and different temperaturcs. By making succassive
overtapping laser spots with overiapping ratio 18% as
shown in Fig. (2).

Fig. (2) Sem Micrograph of overlapping laser spots.

The thickness of the liquid dopant layer convening
the Ge sample was (lmm) typically, and the spectral
ransmission of dopant solution were taken into
consideration as shown in table (1).

The following heat - treatment has been applied.

(D) furmacc anncalling in evacuated quartz ampoule at
different temperatures (for tann = 45min.) followed
by slow cooling.
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(2) Single lascr pulse of cnergy densitics (5.2 - 9.51 J/
cm?). Futhcrmore. the doping of some samples were
accompanicd by clectric ficld it. The changes in the
propertics of the surface as a result of the intcraction
with pulsed lascr at dilferent conditions was
investigatcd by mcasuring the sheet resistance using
four point probe (FPP 5000).

RESULTS

The results of our investigation of the dependence of
the electrical propertics of the irradiated germanium
layers on the irradiated conditions are prescnted in Figs.

(3-9), and they can be summarized as follows :

Figurc (3) shows the shcet resistance of the five
dilfcrent impurtics versus the laser encgry density at the
substrate. The curves arc quitc similar, and thc sheet
resistance decreascs with increasing encrgy density up to
(10.3) J/cm?. The sheet resistance tends to saturate as the
lascr encrgy density incrcases still morc up to (13)
J/cm?. The lowest sheet resistance obtained with (AI)
dopant ~640 Q / O, about 2/3 of the substrate at lascr
flunce (11.54) J/cm?.
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Fig. (3) Variation of thc shecet resistance
versus laser encrgy density

For encrgy density higher than (13) J/cm?2 the sheet

resistance increascs with cnergy density.
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Sheet resistance (.n/0)

Figurc (4) shows the anncaling lascr enery density
depondence of sheet resistance. All the curves pass
through a minimum value at annealing flunce ~6.4 J /
cm?, with the shcct resistance obtained with (AI)
impurity ~100 €/ O about 1/4 of that obtaincd with (B)
doping and 1/9 of the starting matcrial. Figure (5) reveals
the change in shecet resistance of Al-doped Ge (irradiated
with 11.54 J/cm?) by subscquentce anncaling for (45

min.) at different anncaling temperaturcs.
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Fig. (4) Relationship between sheet resistance and laser
annealing energy density.
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Fig. (5) Variation of the sheet resistance
with anncaling temperature.
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Lascr anncaling is much more effcctive than thermal of shcet resistance in- laser doped germanium was

annealing. This is manifcsted particularly strikingly in a monitored in Fig. (9).

comparsion of the shcet resistance curves of the
. . 7004
invesigated layers after laser and thermal anncaling (Fig. Ed=t1.54 T /cm?

Al _dopant
(6) ). The dependence of the shect resistance on the 600l
applicd electric ficld was investigated by irradiating the

Ge sampls at a fixed flunce (11.54) J/cm?.
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Fig. (6) Effcct of anncaling conditions
on sheet resistance.

o

£=4

o
t

Sheet resistance (-~ /0 |}
o0
o
(=]

The results of (AI) doping expressed in terms of
sheet resistance versus clectric ficld, are displayed in

~
o
o

Fig. (7) The dopant sloution temprature strongly affected
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) Ed=11.54 J'Icm2 . .
3 600 Al_dopant Fig. (9) mcasurment of sheet resistance
- across the irradiated area.
5 500
7 ) DISCUSSION
: \
éwo- The resultes can be understood and accounted for if
we include the following effects [8].
300 t + t + }
0.5 1.0 1-5 2.0 25 : :
Electric field (KV /um) (1) In the lascr-doping process, dopant atoms rapidly and

) uniformly diffuse from the surface throughout the
Fig. (7) Dependence of sheet resistance

on applicd electric fild, molten region induced by laser beam.

(2) The diffusion of dopant in molten Ge occurs with a

the sheet resistance of the irradiated sample, this is cocfTicicnt much higher than the diffusion coefficient

clearly demonstrated in Fig. (8). The spatial uniformity of dopant in solids.

304



ALl M. MOUSA AND

This allow us to ignore the diffusion of dopant in the
solid region during laser trcaiment.

(3) The melt {front moved faster than the dopant atoms
diffuscd.

(4) At lascr pulse cnergy density higher than the
thrseshold encrgy density, the mechanism of laser
doping changes drastically it become liquid-phasc
[9].

Our experiment indicates that at  these cnergy

densities a surface layer melt right down to ~25um.

(5) The impuritics having an interfacial distribution
cocfficicnt K<1. should accumulate at the sample
surface. The amount of dopant accumulated at the
surface should also incrcasc with dccreasing (K)
[10].

The step rise of the curves at flunces below (9) Jem?,
is probably due to the amorphousity of the Ge layer,
according to carlier investigation of the processes of
lascr doping of Ge carried out by us [11,12].

The incccasing of sheet resistance at encrgy density
> 13 Jem? is probably duc to the overhcating of the
samplcs.

The low sheet resistance of Al-doped Ge is most
probably duc to thc high solubility limit and low
ionization encrgy [13] .

The increascs in clectrical conductivity with laser
anncaling can be attributed both to an increase in thhe
degree electrical activation of the dopant atoms and to an
incrcase in the mobility of carricrs because of the
weaking of their scattering various lattice defects. Rising
substrate temperature decreasing the laser {lunce needed
for doping and incrcasing the mclting time and hence
increasing diffusion depth [14].

We can suggest that the presence of electric ficld
during laser irrdiation may induced high mobilitics of
vacancics and interstitials, thus annihilating one another
and removing the displacement damage.
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CONCLUSIONS

1 - In single stcop lascr doping of Ge, and if the laser has
sullicient encrgy density at the substrate surface to
causc a shallow melt phase (in which the dopant
diffuse rapidly) subscquent cooling allows epitaxial
rcgrowth 1o occur, incorporating the dopant on
clectrically active sites.

2 - Anncaling of doped layer of Ge by laser and thermal
furnace was accomplished by a considerable increase
in the electrical conductance of annealed samples.

3 - Laser anncaling is more cffective than thermal
anrcaling. This is manifcsted strikingly particularly a
comparsion of the sheet resistance of the investigated
laycr after laser and thermal annealing,

4 - With the assumption the carricr mobility is
substantially constant for the various eclectric field,
the sheet resistance curves shows the dependence of
the carricr concentration on the electric field.
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