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Infrared photothermal radiometric deep-level transient spectroggdpR-DLTS has been applied

to noncontact diagnostics ofaSi wafer. Both negative and positive peaks in the PTR-DLTS signal
temperature scans have been detected. A behavior consistent with photoinjected carrier lifetime
enhancement due to the thermal filling of Bopant levels in the band gap has been observed. The
activation energies of 43 melhegative peaksand 60 meV(positive peakshave been extracted

from the corresponding Arrhenius plots. €97 American Institute of Physics.
[S0003-695(197)04844-4

In this letter we report the results of application of the mented with a finite-thickness, simultaneous amplitude-and-
recently introduced infrared photothermal deep-level tranphase fitting algorithni,was used to determine the carrier
sient spectroscopyPTR-DLTS? to electronic level diag- lifetime (7) and the surface recombination velociy. The
nostics in silicon. This new technique is based on the ratemodulation frequency range used for the PTR-FD scans was
window detection princip% combined with wafer 100 Hz—125 kHz with the lower limit chosen so as to pre-
temperature ramping. The motivation for introducing thevent the thermal component from dominating the PTR
PTR-DLTS methodology was the limited availability and re- Signal’ The two-parameter fitting of the corresponding
strictive character of existing techniques, such as the laséf TR-FD frequency responses yielded=350us and s
microwavé and the surface photovoltayjdeep-level tran- =210 cm/s at 300 K. .
sient spectroscopies. Several advantages of the new method T1he PTR-DLTS temperature scans of the Si wafer were
over existing technologies—high spectral peak separatiorP€formed with fixed ratio of the pulse duratiomy to the
high spatial resolution and no need for electrical contacts—PUISe repetition periodT) (duty cycle, equal to 50%. The
have been demonstrated recently in PTR-DLTS application TR-DLTS amplitude, phase, quadratif®, and in-phase

to noncontact measurements of deep impurity levels in GaA: P) component_s were re_corded as a function of sample tem-
and characterizaton of SjgSi MOS capacitor perature at varioud,. Figure 1 represents some of these

structure:28 n this letter we discuss the PTR-DLTS detec- P 1R"PLTS spectra obtained wity=90us. As has been

. . . o . . found in our previous studies of Si-based structdréise

tion of shallow impurity levels in high-quality Si wafers. PTR-DLTS phase temperature dependendily. 2) are
The PTR-DLTS instrumentation setup used in the P P P :

present study was similar to those described previctfly very important and more sensitive to the presence of the
o " DLTS peaks than those of the amplitude, in-phase, or
An Ar* laser emitting~1W at 514 nm was used as an P P P

excitation source. The modulated square waveform of the
laser-beam intensity was controlled by an acousto-optic

modulator. The resulting infrared radiation emitted from the 1000 ¥
sample surface was collected by two off-axis paraboloida

mirrors and detected using a liquid,fdooled photoconduc- (U
tive mercury—cadmium-—tellurideMCT) detector with a de- & 300 F g
tection bandwidth of 2—12Zm. Temperature ramps were in- f;z’ I §
troduced by a heater/temperature controller with the entir¢ g i %
process being controlled by the computer. Special arrange S or &
ments of the setup have been made to accommodate tt& 100§
large-size wafergédiameter 10 crn The heating system was 5 8
capable of varying and maintaining the sample temperaturE -500 F E
up to 473 K with +0.5° precision. A high-quality F2-Si -150
wafer (thickness 52%um, diameter 10 condoped with boron
to the resistivity of 10—15) cm was studied in several lo- 1000 . . . \ 200
cations across the surface. . 250 100 350 400 450 500

The PTR frequency-domaiPTR-FD method supple- TK

3E|ectronic mail: mandelis@mie.utoronto.ca FIG. 1. PTR-DLTS amplitude, in-phasg¢P) component, quadraturé)
YMITEL S.C.C., 18 Boulevard de I'Amport, Bromont, QUieec JOE 1L0,  component, and combined R spectra of F2-Si wafer obtained with the
Canada. pulse repetition period =90 us and duty cycler,/T,=50%.
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FIG. 2. Normalized PTR-DLTS phase spectra of -Bi wafer with various ~ FIG. 3. Arrhenius plots of the lifetimes extracted from the PTR-DLTS phase
pulse repetition periodsT(). Duty cycle 50%. Only the part of each spec- and IP+Q peaks and calculated energy levels.
trum close to two extremes is shown.

) ) ) IP+Q data signal channels can be attributed to shallow elec-
quadrature components of the signal. Neither the in-phasg,,ic traps above the valence band and below the conduc-

nor the quadrature component temperature dependenciggy pand, respectively. The activation energy of 43 meV can
alone exhibited well-defined extrema in the temperaturef,o assigned to the substitutional accegtron, AE=44.5
repetition period range uséBig. 1). However, the combined ey above the valence bafidwhile the value of AE
IP+Q experimental parameter was found to possess a high 6o meV is close to that reported for the double thermal
temperature peak resolution and was as sensitive as the PTRonor (AE=61 meV below the conduction band, These
DLTS phase. Both the phase and+® peaks were repro- relatively low activation energies were the reason for which
ducible in several different locations across the wafer andhe PTR-FD frequency responses measured at various tem-
were both considered as measures of the temperature depgseratures exhibited small thermal shifts. Nevertheless, the
dence of the carrier lifetime in the sample. activation energies of 44. 5 and 60 meV are greater than the
In contrast to our previous measurements of the,&0  thermal quantunkgT (26 meV at room temperature and 41
interfaces where only negative PTR-DLTS phase peaks wermeV at 473 K, and thus can be measured by the PTR tech-
detected, in the case of FZp-Si the negative peaks in the nique in the 300 KKT<473K range. In this temperature
phase and IRPQ temperature dependencies are followed byrange the thermal occupation probability of the dopant levels
positive extremdFigs. 1 and 2 The lifetime 7, which was  changes greatly. It appears that PTR-FD is not as sensitive to
assumed to be proportional 1 [ 7,(Tm) = #To] whereT,,  minute lifetime variations with temperature associated with
is the PTR-DLTS peak temperature, was found to increasémall activation energies, whereas PTR-DLTS which is ca-
with increasing temperature for both the negative and posiPable of a higher signal-to-noise ratibjs more sensitive,
tive peaks in the phase and-+® scans asT,, shifted to ~and can measure such variations.
higher temperatures with increasifig. In conclusion, the foregoing results show the ability of
The Arrhenius plots of the PTR-DLTS lifetimes and the the PTR-DLTS technique to detect shallow doping levels in
calculated activation energies for both the firstgativé and ~ Si: including the B state inp-Si.
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