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Abdtract : A new lif etime control technique-localized platinum lif etime control (L PL C) is introduced. Silicon sam-
ples are implanted with 550keV protons at dosages from 1 x 10" to 5 x 10" cm” *. Subsequently ,platinum diff usion

insilicon is performed at 700 or 750

for 15 or 30min,respectively. Then the in-diff used platinum into damaged

regions of the protonimplanted silicon isinvestigated by use of deep-level transient spectroscopy (DL TS) . Finally,
for all of the L PL C samples,the distribution of the in-diffused substitutional platinum agrees well with the damage
distribution resulting from the low-dosage proton implantation. Also,the diodes show a very low leakage current e-
ven at elevated temperatures while keeping the major advantages of ion irradiation devices,including low turn-off

loss and soft recovery.
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1 Introduction

lon irradiation has been widely used in semi-
conductor device technologies. One of the main
fields of interest is local lifetime control , which
can introduce recombination centers with a con-
trollable defect distribution and represent the
modern techniques for optimization of electrical
parameters in power devices. The major advanta-
ges of ion irradiation devices are the reduction of
the reverse recovery parameter,i.e., tr,with a
large recovery soft factor S and without increas-
ing the forward voltage drop. However ,these im-
provements of electrical parameters are usually at
the expense of an increase in the reverse leakage
current and result in a strong influence of the
temperature on the device perf ormance!*'* .

Another way of introducing recombination
centers is by the in-diffusion of transition metals,
such as Pt and Au. In particular ,using Pt diffusion
to fabricate power diodes,we can optimize the re-
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verse in-diff usion recovery parameter t. without a
remarkable increase in reverse leakage current.
Unfortunately,this diffusion of Pt atoms will pro-
duce evenly distributed defect profiles,finally re-
sulting in asnappy recovery ,i.e. ,asmall recovery
soft factor S™*.

lon irradiation is also widely used in the pro-
duction processing of the modern semiconductor
devices to remove undesirable contaminants,such
as Au and Pt from the active regions of the de-
vices. These contaminants may lead to high leak-
age currents and soft reverse current-voltage char-
acteristics. The removal is accomplished by trap-
ping the contaminants at gettering sites, which
have been produced by ion irradiation and are lo-
cated away from the active regions'® .

Making use of this gettering phenomenon,
this paper for the first time demonstrates the pos-
sibility of fabricating high-power silicon diodes
with localized Pt doping by the use of low-dose
proton implantation. Thus, this technique, which
is called localized platinum lifetime control
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(L PL C) ,possesses both the advantages of the ion
irradiation technique and the conventional plati-
num diffusion technique,and theref ore simultane-
ously has a very low leakage current ,very small re-
verse recovery parameter t. ,and very large recovery
soft factor S.

2 Experiment

All our samples are p*-n-n" silicon planar di-
odes. The starting material is n-type FZ 111 Si.
The B concentration of the p* region,of 4 3 m
thickness as measured by spreading resistance
methods, varies from 4. 43 x 10" to 1 x 10 cm?>.
For L PL C samples, a 150nm-thick PtSi layer is
produced by sputtering and sintering (300
60min) on the p* side. Then,L PL C samples are
implanted at room temperature with 550keV pro-
tons at doses ranging from 1 x 10" to 5 x 10" cm?.
By use of SRIM (stopping and range of ion in
matter) simulation software,we find that the pro-
jection range of the proton particles is 6. 83 m,
which forms the maximum region of the vacancy
def ects as gettering sites in the n-base region close
to the anode junction. The region is most favora-
ble to elevate electrical parameter characteristics.
The doping profile of the L PL C samples and the
simulated distribution of primary damage-vacan-
cies resulting from 550keV proton implantation
areshownin Fig.1. Annealingis performed at 700
or 750 for 15 or 30min respectively ,allowing Pt
to diffuse into the Si from the PtSi layer.
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Fig.1 Doping profile of the p-i-n diode with the car-
rier concentration versus depth and simulated distribu-
tion of primary radiation damage vacancies (dashed
line) generated by 500keV proton implantation

The reference sample of ion irradiation is
fabricated by proton implantation at the same en-
ergy and dose as the L PL C sample,which is called

the HI sample. For the reference sample for con-
ventional Pt diffusion,which is called the PL sam-
ple,a PtSi layer is also formed on the p + side
first,and then Pt in-diffusion is carried out at 700
or 750 for 6h.

DL TS measurements are made in a PC-controlled
setup ,which basically consists of a 1M Hz capacitance
bridge,a 50M Hz pulse generator,and a liquid nitro-
gen bath into which a sample holder is placed,operat-
ing in the temperature range of 77 350K.DL TSsig-
nals are acquired with nine rate windows simultane-
ously (between 20 and 5.12ms"). A pulse length of
10ms is chosen so that the traps can be completely
filled with charge carriers'® .

3 Resultsand discussion

Figure 2 shows the DL TS measurements of all
of the L PL C samples,and only the emission signal
peak of substitutional platinum (Pts) appears.
From a detailed analysis of the emission rate
en(T) x T? ,we derived the value of the deep-lev-
el for the introduced defect, Er = Ec - 0. 23eV
( Ec, Er denote the energy positions of the con-
duction band edge ,and any deep level ,respective-
ly) . This value is in good agreement with that ob-
tained by Evwaraye'®. Of course, a reference
sample was fabricated with an aluminum Schottky
contact, which had no proton implantation. As
shown in Fig.2,no emission peak on the same scale as
the L PL C samples is observed for this sample. Clear-
ly ,the emission signal peak of Pts appearing in the
L PL C samples is due to the proximity gettering of in-
diffusion Pt resulting from proton i mplantation.
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Fig.2 DL TS spectra showing the measurement with
100ms rate window to compare our novel samples and
Al Schottky diodes The novel sample is implanted
with 550keV protons at a dosage of 8 x 10®cm™ and
annealed at 700 for 15min.
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Figure 3 shows the depth profile of the in-diffu-
sion Pt of the L PL C sample. From the figure,we can
see the in-diffused Pt depth distribution is approxi-
mately congruous with that of vacancies created by
hydrogen implantation. Thus we can be sure that the
vacancies have served as gettering sites to result in the

formation of localized Pts.
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Fig. 3  Concentration versus depth profiles of the
platinum acceptor trap at Er = Ec - 0. 23eV after
550keV/ 8 x 10*cm? proton irradiation followed by in
diffusion of Pt at 700 for 15min

After the DL TS measurements,we tested the
electrical parameters of all of our samples,inclu-
ding the reverse recovery parameter t.,reverse
leakage current at 125 Ir,and reverse recovery
soft factor S.

Figures 4 and 5 give the trade-off of tu-Ir
and t.-S for the LPLC samples and reference
samples (i.e. HI and PL samples) ,respectively.

Figure 4 clearly shows that the L PL C sample
realizes a better trade-off of t.-Ir than the refer-
ence samples. This is in good agreement with sim-
ulation results obtained by Wu'"' ,who compared
electrical parameters of localized platinum devices
with ion irradiation, convention platinum diffu-
sion devices.

Figure 5 clearly shows that the L PL C sample
realizes a better trade-off of t«-S than the PL
sample,and the same t.-S trade-off as the HI
sample. This is also in good agreement with simu-

lation results obtained by Wu'".

4 Conclusion

The local distribution of Pt was realized in
the standard process of a high-power p-i-n diode
with benefits of significantly lower leakage and a
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Fig.4 Trade off curve of Ir versus ti for our novel,
PL ,and HI samples t« |f =1A,Vr =30V ,di/dt =
- 20A/Ms, RT
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Fig.5 Trade off curve of tn versus S factor for our
novel ,PL and HI samples t, and S Ilr=1A,VRr =
30V ,di/dt= - 20A/Ms,RT

larger recovery soft factor,while conserving the
smaller reverse recovery time. Also, this is the
first time that Pt doping has been introduced by
use of the gettering phenomena of H* irradiation
defectsin a p-i-n Si diode. Additional tests of bet-
ter optimizing parameters and reliability are cur-
rently being developed to open a new way toward
an ideal high-power Si diode.
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