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Abstract

In the present work, the response time of p-n junction photo-detector has been achieved by using the rapid thermal

annealing (RTA) techniquein which the annealing time has been ranged from (5-25) sat (773 K) the result shows a good

improvement in the time constant of the detector and it has beast result at (15) s which reach to (26.81) nsfor (905) nm

wavelength of GaAlAs laser
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Introduction

The p-n junction detector is one
of the most important junction
because of the wide available
technique that can be used to
fabricated it , beside the wide rang of
radiation could be detected by using
these devise [1]. It can be made
easily by changed the conductivity of
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.(905nm

the surface layer of the silicon wafer
by using the implementation
technique which can be achieved
thermally ,by using eectron gun, or
ion implementation ,and other many
technique [2]. The idea of it detected
ability is depended on the developing
of internal voltage with the depletion
layer which used to separate the
electron —hole pair resulting from the
absorption of the light energy on the
device surface [3]. This mechanism
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take a specific time depended on the
device characteristic and on the
preparation condition, this beside
ether parameters greatly affected the
response time of the detector [4].
This is one of the most important
parameter as it can limit the number
of application that a given detector
can use in. And it define as the time
required for the detector voltage to
increase from 10% to 90% from it
fina vaue and can be given by the
following equation [5,6]

tr = [tc2 +(RdC )2]1\2 1

where RD=R5+RL &
C=C +C,

Where t.= charge collection time,
R= saies resistance, Ri=load
resistance, Cs= capacitance result
because of eectrical contact.

The time constant is greatly effected
by [7]:

1- Carrier diffusion time

2 — Carrier drifts time from depletion
region

3-Depl etion region capacitance

The response time can greetly
enhanced by using some
enhancement mechanism which use
to reduce the defect and imperfection
that inversdy effected the response
time of the detector also these
mechanism enhanced the junction
characteristic [9], one of these
mechanism is called annealing which
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can be deined as the therma
treatment lead to eiminate the stress,
vacancies, defect that present in the
material  their by rearranged or
rediffused the imperfection the
imperfection to improve the dectrical
activities [8 ,10,11] ,the annedling
process is divided in many type one
of there refer to as rapid thermal
annealing in which the sample is
irradiated to thermal radiation in a
very short time ranged between(102-
10-8)sec.

Experimental
A-Samplepreparation

(5*5) mm sguare p-n junction
sample could be obtained by using a
wirecutting machine. It had bean
cleened by wuse acohol with
ultrasonic machine (cerry pul 125)
for 15 min .The clean water has bean
used with ultrasonic device to about
15 min. Ohmic contact had bean
made by deposition a thin layer of
(Al) and bounded to the Al wire by
using silver paste.

B-measurement

1-The studying of (RTA) has
bean done on the detector for
optimum temperature (500°C) and
for diffarent time (5-25) sec .The
following figure (1) Shows the
system use to obtain the result where
a quartz tube of (2cm) diameter With
one closed end had bean connected to
rotary pump to achieved vacuum
environment of (10°) torr, the
(NiCr/NiAl) thermometer had been



Eng.&Tecg.Vol.26,N0.4,2008
use to monitoring
temperature.

the sample

Halogen lamp with (650 w) power
was used to give thermal radiation
with a controlled output achieved by
using a variable power supply.

2-the rise time of the detector is
measured by using (GaAlAs) with
wavelength  (905nm) and pulses
duration 200-nsec and average power
(AW). The output signal is achieved
by using a storage scope type (8300-
DCS) (programmable digital Scope)
with speed (100 MHZz) from
(Kenwood company) the following
figure (2) Shows the system.

3- The response time give by the
following relation:

wheret,= risetime

Result and Discussion
As we record before for this
parameter a specia important as it
describes the specific application for
a given deector the use of the
(GaAlAs) is due to the suitable
wavelength for this laser which lies
in the peak response region of the p-n
junction silicon detector.
Figure (3) describe the recorded
pulse from the reference sample
(Standard Sample) before made any
treatment and we can recognize that
the rise time is (114.5) nsec which is
so large that the response time is
(52.04) nsec is reduce the response
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speed of the detector, and this belong
to the imperfection and defect in the
active region which work as
capturing center and just a restriction
prevent the carrier from arriving to
the external circuit [7]. Figure (4)
and (5 give a cdear information
about the enhancement achieved by
using the (RTA) with (5), (10) sec as
annegling time, we can recognize the
large reduction appear with rise time
which reach to (75.5) nsec and (63)
nsec respectively  which mean

larger response speed. A further
reduction can achieved with (15sec)
as annedling time, where the result
appear in figure (6) and this ensure
the great dimination of the defect
and stress with the materia structure
which lead to greatly effective the
impurities (dectrically effectivities)
and as a result lead to decrease the
carier collection time and reduce the
response time [5].The response time
is depended on the depletion region
width plus it capacitance and the
external resstance and since the
resistance is constant this lead to the
response time dependent on the
detector capacitance and the nature
of the irradiation region, figure (7)
give the result of annedling time of
(20)sec and figure (8)of (25)sec
which lead to produce an
impefection and defect which
effected the carrier diffusion time out
side the depletion region and on the
drift time with in the depletion region

[5] .

Conclusion



Eng.&Tecg.Vol.26,N0.4,2008
We could condude that the

(RTA) is an attractive method in
order to greetly enhance the detector
parameter especially the response
time. This method required specific
temperature and time. For p-n
junction detector with 1.2Q/cn?
sheet resistance a 15 sec and 500°C
as annedling time and temperature
give the beast result.
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Figure (1) Schematic diagram
of rapid thermal annealing

Figure'(2) system used to measure
risetime of detector

Féur'e (3)out pLit sinal of sfandard
sample
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Figurei4) output signal of p-n
junction silicon after RTA at 5 sec
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Figure (5) output signal of p-n junction
silicon after RTA at 10 sec

Figure (6) output signal of p-n junction
silicon after RTA at 15 sec
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Figure(7) output signal of p-n junction
silicon after RTA at 20 sec
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