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A computerized system for deep level characterization in semiconductors has been set up. It is based on the well known DLTS (Deep Level
Transient Spectroscopy) technique, but high versatility for data manipulation is achieved through an analog-to-digital conversion card (A/D)
that digitizes capacitance transients. These transients are analyzed to provide information on the traps within the semiconductor. A PC-base
program in Basic control acquisition, storage, analysis and presentation of results. The system is able of obtaining the desired parameter
by only one temperature scan, which is an important advantage, taking into account the experimental time experimentally needed for the
measurement. Experimental results for a silicon PIN power structure are shown, to illustrate its performance.
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Se construy un sistema computarizado para caracterizar niveles profundos en semiconductores. Se basa en la bien conocida tcnica DL
(Espectroscopa de Transitorios de Niveles Profundos), pero se obtiene gran versatilidad en el manejo de los datos porque usa una tarjeta
conversin analgico-digital (A/D) para digitalizar transitorios de capacitancia. Estos transitorios son analizados para obtener informacin de las
trampas dentro del semiconductor. Una computadora personal controla la adquisicin, almacenamiento, anlisis y presentacin de los resultadt
de los datos. Se desarroll un programa en lenguaje Basic para alcanzar todos estos objetivos. Adems de su versatilidad, el sistema es caf
de obtener los parmetros deseados con solo un barrido en temperatura, lo cual es una ventaja importante en relacin con el tiempo necesa
experimentalmente para realizar la medicin. Para ilustrar su funcionamiento, se muestran los resultados obtenidos para una estructura ¢
potencia de silicio tipo PIN.

Descriptores: DLTS, computarizado, caracterizacin

PACS: 07.500tf; 71.55.-1; 85030.De

1. Introduction plained in terms of them. This is a specially useful method
for narrow gap materials and low breakdown voltage de-
Semiconductor devices have become very important compGices but it is unable to characterize minority carrier traps.
nents in most electronic equipment used in daily human activa more recent technique, DLTS (Deep Level Transient Spec-
ities. Their performance Strongly depends on defeCtS, WhiClﬂ'oscopy), overcomes some of these drawbackS, becoming
may be either desired or undesired. In any case, it is quite imthe most widely used technique for deep level characteriza-
portant to be aware of their nature and concentration in bothjon in many laboratories [14]. It is sensitive (detects trap
the raw and the processed material [1,2]. concentrations about0~* times or less the concentration
Defects can consist of impurity atoms within a crystal, of shallow impurities in semiconductors), spectroscopic (ex-
point defects such as vacancies, interstitial atoms, or strugibits a peak for each trap detected) and allows to obtain pa-
tural defects, such as dislocations and stacking faults [1,2kameters from either minority (positive peak in the spectral
The most important effects upon electrical parameters ofesult) or majority carrier traps (negative peak). Analysis of
electronic devices are both the minority carrier lifetime andexperimenta| information is direct and easy to interpret. This
the majority carrier mobility variations [3,4]. technique has become so important that nowadays, commer-
Several techniques have been developed to charactegial systems can be found from several suppliers at more or
ize semiconductor deep levels. Among them, we can meress high prices. For obvious reasons, their performance can
tion Thermally Stimulated Capacitance (TSCAP) [5,6,7], andnot be altered to pursue any additional benefit neither on soft-
Thermally Stimulated Current (TSC) [8,9], which are spe-ware nor hardware. One advantage of setting up ours, is that
cially useful for dielectric materials and high resistance semidifferent capabilities and components can be added as the set
conductors. Nevertheless, analysis of experimental data remp requires them with the advantage of high flexibility. Fur-
lies strongly on the precise value of the temperature rate ahermore, the algorithms used in any stage of the program
change used during the measurement and exhibit low sean be redesigned at any time, changing any features of the
sibility. On the other hand, the Admittance Spectroscopysystem, at will, with a much lower price.
technique has evolved from the former capacitance and
conductance measurements as a function of frequency and In Sec. 2, the equations necessary to develop the DLTS
temperature [10,11]. Complete expressions for conductandbeory are shown. Then, the instrumentation of the system is
and capacitance as a function of frequency have been dexplained in Sec. 3. Section 4 details the experimental results
rived [12,13] and former experimental results could be ex-obtained and finally, the conclusion is included in Sec. 5.



540 ALEJANDRO AVIL A GARCIA AND MARIO ALFREDO REYES BARRANCA

2. The DLTS method The electron emission rate, towards the conduction
band is given by the expression [3,15]:
This method, takes advantage of either the current or capaci-
; feai ; AE
tance transients produced by the thermal emission of carriers en (T) = AT? exp <_) , @)
from the deep levels (also called traps) within the depletion kT
region in a reversely biased diode, Schottky barrier or MOS .

structure. Such an emission process is produced by a su\év-Ith
den change of the negative bias value towards a more nega- 46 o k213 2mx
tive one. This is illustrated in Fig. 1 for the case of capaci- A= 3 @)

tance transients. In Fig. 1a the bias as a function of time is

shown to change suddenly at timefrom a negative value and T is the absolute temperaturAE the activation en-

Vi down to a more negative valug. In Fig. 1b the energy €rgy of the trap, k the Boltzmann constastthe trap cross
band diagram of a Schottky barrier upon an N-type semiconsection for electrons, m* the electron effective mass and h
ductor with a deep leveE, is illustrated, with a depletion the Planck’s constant. The temperature dependencg iof e
region widthi¥;, corresponding to a voltagd . Traps below ~ Ed- (1) is used to find values fakE ando, which together
the Fermi level are occupied by electrons. As this voltageVith the trap concentration Ncompletely characterize the
is changed td/,, the trend of the depletion region width is corresponding deep level. Indeed, a semi-logarithmic plot
to increase, producing a stronger band bending, as shown ff €:/T? vs. 1000/T yields the above mentioned parameters
Fig. 1c. Hence, some of the traps first placed below the Fernffom the slope and the y-axis intercept, respectively. Hence,
level E, are shifted up above, increasing their probabil- &l experimental methods are designed to provide the,(T, e
ity of being empty. This means that an emission process, inPairs necessary to achieve such a plot.

dicated by the heavy upward arrows in this figure, starts to In particular, the DLTS technique was designed to get the
take place. When released, electrons are swept out from tH&. €) pairs from either, current or capacitance transients.
depletion region, due to the presence of electric field, producOnly the case of capacitance transients will be discussed in
ing the above mentioned current transient. At the same timéhis work. They can be written [15,16] as

as they are released, electrons induce a charge change in this

depletion region, leading to a capacitance transient shown in Clen (T),t) = Coo + AC exp (—ent), ©)

Fig. 1d. As time goes on, the capacitance tends to the value . _ . L .
C...., corresponding to the steady voltaie where AC is the transient amplitude and it is illustrated in

Fig. 1d. It is related to the trap concentration by the approxi-
0 t ; mate expression [15]

»
>

T ® N, .|AC
— v T . N @

Ne T C.’

O'o Ey¢
“0-0..0...0.0.0.0.0.0

which is valid whenevelN, << Ng.

In Fig. 1d, the case of a negativ®C value is shown,
which corresponds to emission from a majority carrier trap
(electron trap in an N-type semiconductor). A minority car-
rier trap (hole trap in an N-type semiconductor) can be de-
tected whenever minority carriers are injected to the deple-
tion region. In P-N junctions this can be done by applying a
positive bias \{ to the sample. In this case, a positixeC
c, — * value would be observed. When a Schottky barrier is used,
@ minority carriers can not be injected by a positive bias, hence
T - c. they should be injected by an alternative way, such as illu-

mination. This fact allows extension of the DLTS method,
arising the so called ODLTS (Optical Deep Level Transient
l Spectroscopy) technique [5].
Co The way in which the DLTS technique determines (]} e
pairs is by filling the traps with carriers, and then promoting

rier or MOS structure to produce emptying of traps. Thel&vel ?mISSIOn' This is achieved by applym_g a pulse train involv-
corresponds to an electron filling pulsey Yo an emptying DC Ihg bf?th voltage values: Vand V in Fig. 2a. At th? same
offset; b) Band bending prior and after changing bias, indicating ime, it changes the sample temperature and so induces the
the electron emission from deep levels shifted vertically above the€Mission rate variation as shown in Fig. 2b. Then, an emis-
Fermi level; c) Capacitance variation resulting from the charge ex-sion rate window is established by the system, in such a way
change between traps and the conduction band. that when the experimental emission rate traverses it due to

(a)

Vo

FIGURE 1. a) Bias change applied to either a diode, Schottky bar-
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v

the temperature sweep (See Fig. 2c), the system provides a
output signal extreme value (maximum for minority carrier

traps or minimum for majority carrier traps), corresponding

to a reference emission value (Fig. 2d). This value depends a)
on the rate window and it is previously known. By repeat-
ing the thermal sweep with distinct rate windows each time, L
one can get several (T, gpairs. The maximum height,Sof v
each peak in Fig. 2d is related to the transient amplitty@e A .
by the expression ¢ Tt

AC =M S, (5) n ﬁ

where the constant M depends on the precise characteris t
tics of the system involved. For example, this procedure was#t In(ex/ T

first realized by using a Box-Car integrator [14] that samples
transients at times tand t and yields the averaged differ-
ence C(t)-C(tz) for several transients, as the output. Alter- ~ )
native ways to establish such rate window can be achieved
by using either a Lock-In amplifier or an exponential corre- 1000/T
lator [17,18,15]. Either one performs a linear filtering func- 4 pirs signai
tion upon the train of capacitance transients, by using a corre-
sponding weighting function w(t). The output S(e(T)), called

the DLTS signal, is given as follows: \

Trap 2 Trap 1 ¢

L ey (ref) Rate window

d)

1
=T

To R
Ser) = [ cle@ e @ o
0

FIGURE 2. a) Voltage pulse train applied to the device under study
where Ty is the period of the train of capacitance transients.to produce capacitance transients; b) Capacitance transients drawn
w(t) is the weighting function, that is determined by the spe-for different temperatures; c) Arrhenius plot illustrating the mean-
cific instrument used as the filter. In this expression, the teming of the rate window, which is user pre-defined to establish a
perature dependence of both, the emission and the DLTS si¢f’own emission rate at the DLTS signal peaks; d) DLTS signal
nal, is stressed because in the experimental setup, the outp owing some peaks ocurring within the pre-established rate win-
signal S(T) is plotted against the sample temperature for later”

analysis, as shown above in Fig. 2d. The most commonly dis- _ .
cussed and used weighting functions are shown in Fig. 3only for illustration purposes, but currently several correla-

In Fig. 3a the original signal from a Box-Car integrator is tion curves are calculated for the purpose of alternative anal-
shown. Fig. 3b shows the weighting function from a Lock-In ysis and comparison with results of the main algorithm.
amplifier and Fig. 3c corresponds to the weighting function ~ The main algorithm used in our program is based on the
as proposed by Milleet al. for an exponential correlator.  idea proposed by Maguire and Marshall (M&M) [20]. Their
After experimenting with one of the above mentioned method consists of analyzing each transient digitized to cal-
possibilities for setting up a DLTS system (the Lock-In culate its emission rate,&or €,), amplitudeAC and the ca-

mode) [15], we decided to set up a computerized digitizingpacItance Go as b oo. In_ this way, as the t_emperature IS
system [19]. As explained before, the basis of this systen"f‘!so record_ed, each tranS|_e nt produces a point for the Arrhe-
consists of digitizing the capacitance transients produced b ius plot. Since each transient can be measured after less than

thermal emission, while the sample temperature is change degree centigrade from the previous one, a great number

and measured. The above mentioned procedures to extra%,ft(T’ €,) pairs is potentially available for making the Arrhe-

the trap information can also be used. Namely, linear filterNius plot of each trap detected. An important point here is that
il this information can be obtained with only one tempera-

ing can be applied to these transients by numerical integraa , ) " i .
tion within the computer, to produce any desired correlatiorfure scan, contrasting with traditional systems, which provide

output. Then, the usual treatment can be done by analyzing™ ©ne (T, &) pair with each different rate window (tem-
the corresponding Arrhenius plot to get the activation energ erature scan) used.

and cross section of the trap. The concentration is calculated In order to analyze the algorithm, the reader is referred to
from the height of the corresponding peak by using the adeFig. 4, where the main parameters considered are shown. In
quate relationship between,Sand AC. In fact, the Lock-In  that figure, the time t corresponds to the net measurement
mode is again simulated in our program. This was first donetime along the transient. Time zero corresponds to the tailing
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At cw,
+1 C..
a B
: ) |
0
«— b
-1
C.-AC
+1
b) 0 4 tr t
_____ FIGURE 4. Basic concepts in the Maguire & Marshall method for
0 transient analysis. Time tletermines equal areas A and B along a
measuring timet. Also shown is the capacitive transient amplitude
+— 7 o2 —P AC.
-1
In this way, C, has been eliminated from these equations.
> | To —_—> At this point, it is important to notice that this last equation
should be valid specifically for the time tHence:
+1 AC
0= ———|exp(—ents) — exp(—enty
i, 1 (ewp(—enty) — exp(—enta)
C) +ACexp(—ent;) (9)
or, equivalently,
0

FIGURE 3. Different filtering functions used in traditional DLTS e, (ty — tq)exp(—ent;) = exp(—entq)
systems. a) The boxcar filtering function; b) The lock-in weighting 10
function; c) The exponential correlation function. —exp(—ents). (10)

edge of the trap filling pulse, but there is also a certain de-

lay time t;, after which the signal is numerically processed. I NS equation implies that whenevertj and ¢ are already

In fact, the effect of this delay has been added to the origkn@Wn, then & can be numerically calculated.

inal M&M method and was discussed by the authors for- According to the expressions presented above, the next
merly [22]. Also, a time tis defined in such a way that the Procedure is applied to analyze each transient acquired by
horizontal line passing through the valGeassociated to;t  the A/D conversion card:

determines two equal areas A and B in Fig. 4. As this time de-

pends on the emission rate, calculation,adltows to deter- a) Calculation ofC by using numerical integration of the
mine g,. In order to do this, it is seen thatcan be calculated (t;, C;) pairs (Currently, Simpson’s rule is used for this
as task).
_ 1 ts
C= t; —tq /td [Coo + ACezp(—ent)] dt b) Determination of the ;t value corresponding ta.
(This is done by direct comparison 6f with each G
Co — L [exp(—ents) —exp(—enta)]. (7) value. If there is no agreement, linear interpolation is
en(ty —ta) used to get a better approximation).
Then, if this value is subtracted from C(t), it can be written
as c) Asthe timesj and t are already known, Eg. (10) can
— AC be numerically solved for,g At this stage, Newton’s
Clt)-C = enlty —tq) lezp(—ents) — exp(—enta)] method is used. At this point, a (Te,;) pair is avail-
able for the Arrhenius plot that will provide the activa-
+ACexp(—ent). (8) tion energyAE and cross section.

Rev. Mex. 5. 48 (6) (2002) 539-547



COMPUTERIZED DLTS SYSTEM TO CHARACTERIZE DEEP LEVELS IN SEMICONDUCTORS 543

By using the emission rate valug, €alculated in (c), Transient and
Eq. (3) should be valid for each time-capacitance experimen- B temperature <
tallpair along the corresponding transient. Hence, it can be acquisition
written as ¥
Cj = Coo + AC exp (—ent;). (12) Transient
. . . . summation
In order to use the information provided by all the points

measured along the transient, an equation with&d AC
as unknowns,Acan be constructed by summing up for all
these points:

Y Ci=NCu+AC D exp(—ent;), (12)

J J

Enough
transients?

where N is the number of points in the summation. As an-

other equation is required, it can be constructed by multiply- Averaging to
ing Eq. (11) by } and then summing again: improve $/N ratio
Y City=Co Y ti +ACY exp(—ent;).  (13) v
- r & T and e,

Then, Eq. (12) and (13) are easily solved for the un- calculation
knowns C, and AC. With these values, Eq. (4) is used to v
calculate the relative trap concentratiof/Ny. This last pro- C... AC and Ny/Ny
posal to calculate trap concentration was also added by the calculation
authors to the original M&M method [21].

The above outlined method is represented in the block di- v
agram shown in Fig. 5. Storage of results

3. The experimental setup

Final

The functions described above can be done by the experimen-
temperature?

tal setup shown in Fig. 6. A brief description for the function
of each part can be given as follows: the sample is introduced
in a cryostat that permits to sweep the sample temperature
from near 77 K up to about 425 K; the pulse generator pro-
vides the train of pulses that, throughout the capacitance me-
ter, fills with electrons some traps in the space charge region: gure 5. Block diagram of the program, including data acqui-
the capacitance meter measures the capacitance transientssgibn, basic parameter calculation for further analysis and result
the sample; the oscilloscope allows to view both, the trainstorage until the temperature scan is completed.

of pulses and also the capacitance transients produced; these e Resolution: 12 bits.

capacitance transients are fed through a signal conditioning e Number of analog inputs: 16 single ended, 8 differen-
amplifier into an A/D conversion card, which provides the tial input.

digitized data to the computer. At the same time, temperature e Software programmable gain range: 1, 2, 4 or 8.

is also controlled and digitized by the temperature controller o A/D throughput to system memory: 13700 samples per
and then it is acquired by the computer through a GPIB IEEE- second.

488 interface; the TTL output of the pulse generator is used,

. : Operation of the board can be user configured with in-
through a connection card, to synchronize the start of tran- . ) .
sient digitizing. ternal jumpers. Currently, the configuration selected for our

A DT2801 Data Translation board was used, where anameasurement system is A/D 0-10 V unipolar differential

log to digital (A/D) and digital to analog (D/A) conversions mode input. As the A/D conversion card was provided with
R . some assembler language routines ready to be called from a

can be performed, as well as digital input and digital outpu . : :

. L asic language program, the whole program was written in
transfers. Programming can be done with interpreted or com- WBASIC language
piled BASIC language. Software packages as PCLAB an guage.
PCTHERM can be used also. Some important characteristics
of the DT2804 board are summarized:

Rev. Mex. 5. 48 (6) (2002) 539-547
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FIGURE 6. DLTS system schematic, indicating with arrows the
information flow.
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The program structure is shown in Fig. 7 in a block repre- Y
sentation. As seen, after variable definition and initialization, chclaive
two main menus are defined by using the pre-definable keys tion plot
of the computer. Menu no. 1 is to enter data, from either a v
previously acquired and stored file (F1), or from direct mea- Tri':fh:f
surement of a sample (F2); when this key is pressed, anothe F3
menu to establish the measurement conditions is displayed y
after these conditions are entered, the temperature scan can Menu ‘;;ﬁ’jg:;;;iz
started. When data are available in the computer memory, the no. 2 plot
F3 key allows to transfer control to menu no. 2. Within this il v
menu one can make an Arrhenius plot (F1) in order to recog- Plot of
nize the distinct straight segments defined by the experimen- cog;l:;jon
tal points, each one corresponding to one defect. Then, cal- 9
culations proceed by selecting the appropriate sets of aligned
points (F2) (user defined) to perform a least squares fitting of IGURE 7. PracFicaI structure of the complete program, including
each set. The straight line fitted is plotted upon the experil0S€ parts designed for the complete analysis of the stored data

. : - during acquisition.
mental points for comparison. According to the above men-
tioned theory, at this stage a value for each of the parame-
ters defining the defect, is calculated. Then, a plot of relativesyred data reproducibility by avoiding thermal delays. Sam-
concentration for the different defects observed is also drawpjing was done along three different timeg=t197, 97 and
(F3). Straight lines representing the values calculated beforgg ms, using a filling pulse train with periol ~ 225 ms;
are also superimposed to assess the fitting accuracy. After cal; 120 s and~ 65 ms, respectively. In all cases, sampling
culations for the various defects observed have been done,gs done each 1 ms. Also, 1 ms,{Twas deleted from the
table of these results can be obtained (F5). Also, a capacheginning of the capacitance transient. The filling pulse width
tance (C)-temperature plot can be drawn (F7). Finally, a\as 1 ms. The PIN diode was biased with a -10 V offset and

set of four correlation signals (Lock-In type) simulated from py|ses of 12.5 volts height superimposed in order to assess
the same transients for different rate windows can be plotthe possible detection of minority carrier traps.

ted (F9); this can be useful for both illustrative reference and
to perform an alternative calculation as used formerly in theC
original method.

Data were recorded under both, cooling and heating cy-
les to confirm that no thermal delay existed. This can be seen
in Fig. 8, where the Lock-In correlation signals from six ther-
mal scans appear; two (cooling and heating) for easkatue
mentioned above. As seen, there is no appreciable delay be-
tween the heating and cooling curves. One negative peak is
In order to show how the system works, a PIN diode madelearly visible, as a result of emission from a certain trap.
in our laboratory without ahy special gettering process wad he emission rate in the peak depends on the sampling time
measured from near room temperature down to about -80 ° Gnentioned above () and the deleted time {t = 1 ms).

The results that will be presented, were obtained by scanninghe explicit relationship is shown in Table 1. The effect of
temperature at a time rate under about 8 ° C/min for most cirmoving the rate window to higher emission rates is seen as
cumstances (in some cases was less than 6 ° C/min). This eapeak shift toward higher temperature. This is in agreement

4. Experimental results

Rev. Mex. 5. 48 (6) (2002) 539-547
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with Fig. 2c. At lower temperatures, another negative peaker in silicon [23] (this is a phosphorus-vacancy pair). Also
starts to grow, but it is not completely traced as the scan washown in table 2 are the relative concentrations calculated
stopped near 190 K. Because they are negative, both are d@som Fig. 10a in the range where the results form an approx-
cribed to majority carrier traps (electron traps in this case).

As said before, in the traditional DLTS analysis this infor-

mation is the basis of the method, because the temperatur 0.00
of each peak is experimentally available along with its corre-
sponding emission rate. It is clear that in such kind of anal-

ysis, partial peaks as that appearing at low temperature ing  -0.05 -
Fig. 8 would not be useful at all. Hence, to attain the neces-
sary information, the thermal scan should be extended downg

to lower temperatures if possible, in order to complete the @ 010 57,51 < cooling)
second peak for the DLTS spectrum. In our system, each onea L e E:zzl‘l':g;
of the points plotted provides both, the temperature and the o5l 97 ms (heating)
corresponding emission rate, if this is placed within the sys- ‘ ey | | | | |

tem detection limits. Hence, in case that this condition is met,
such a point provides information for the Arrhenius plot. Our
system is able to measure emission rates within an approxi-

—1 —1 ..
,mate _range from- 1s™" up t,ON 2000 s™°. The lower I'm't_ FIGURE 8. An example of DLTS signal simulation (Lock-In type).
is defined by the longest time sampled along the transientyhere are six curves for three rate windows: two temperature scans

which is related to the specific capability of the digitizing for each one. A good agreement between the cooling and heating
card, program and computer used to acquire and process &fycles can be seen.

ficiently an increasingly amount of data. Instead, the higher
limit is determined by the capability of the system to sample
with a high rate (high sampling speed of the digitizing card
and short response time of the capacitance meter are needed
also, the noise level of the system is expected to affect such
upper limit. The above mentioned range corresponds to 1 ms 4l
sampling times along- 800 ms of the transient. N.A
In Fig. 9, the Arrhenius plots corresponding to the heat- *
ing cycles in Fig. 8, are shown. There are defined two straight ¢ 6|

o

lines with negative slope, each one composed of three su-&

.

180 200 220 240 260 280 300 320
Temperature (K)

perimposed segments, one corresponding (o 197 ms % o =197 ms
(squares), the second to 97 ms (circles) and the last to 49 m: e o697 ms
(triangles). Clearly, as seen for the defect (no. 1) placed at —a—49 ms

higher temperature (lower 1000/T), the lines for differgnt t » . . . . . . . . .

do not span the same emission rate range, because short 3.0 35 4.0 45 5.0 55

ty’s fail in measuring low emission values. Anyway, in the 1000/T (K ™)
range where they superimpose, a good agreement is found. _ _ o
The parameters extracted from the analysis of the Arrheniu§'GURE 9- Arrhenius plots for the heating cycles shown in Fig. 8.

plot for the case of &= 197 ms when heating, are shown in The different emission span seen is assoma?ed to the low capabl_llty
to extract low emission rates with shorter times of data analysis.

Table Il for both defects detected. Defect 1 could be associz X .

Nevertheless, where the plots are superimposed, the agreement is

ated to divacancies [22] and defect 2 to the so-called E CeMNyood.

TABLE |. Specific values for the parameters M in expression (5)
and the emission rate in the peak maxima for the DLTS spectra in
Fig. 8. They were calculated for a deleted time L ms.

TABLE Il. Activation energy, capture cross section and relative
concentration calculated with the DLTS system and program, for

ty (ms) M &, (s7h both defects detected during the partial temperature scanning per-
197 0.201 12.6 formed.
97 0.198 25.3
49 0.194 49.0 Parameter Defect 1 Defect 2
21 0.181 108.4 AE(eV) 0.534 £ 0.005 0.421 +0.011
9 0.156 2271 o(em?)  (1.2140.31) x 107 (8.94 £5.81) x 10~ 3
0.128 362.6 N;/Nq4 (3.54+0.5) x 1072 (3.7+£1)x 1072
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FIGURE 10. a) Relative concentration calculated with expression (4). The values reported in table 2 correspond to an average in the range
where the plots are nearly horizontal; b) Capacitangeds a function of the temperature. The step-like change can be ascribed to the charge
exchange produced by the defect 1.

imately horizontal line. Assuming N&t 10 cm3, such 5. Conclusion

relative concentrations yield absolute trap concentrations of

(3.5+£0.5) x 10*2 cm=3 and(3.7 4+ 1) x 10*2 cm=3 forthe A versatile computerized DLTS system has been setup in our
defects 1 and 2, respectively. The capacitangedppearing laboratory, with the possibility of enhancing both hardware
in equation 3 and illustrated in Fig. 5 is also calculated forand software, at a much lower cost than commercial systems.
each point in the experimental data. Such values appear ifihe structure and working frame have been demonstrated by
Fig. 10b. This plot represents the temperature variation of thesing a PIN diode. The algorithm introduced by Maguire and
capacitance for a fixed bias (the \evel in Fig. 1; -10 Vin  Marshall was enhanced by the authors. One advantage of the
our case). The step-like increase (about 1 p height) of the calgorithm used, is that results can be obtained with simple
pacitance between & 222 K and7T" ~ 250 K, is attributed calculations and only one temperature scan, contrasting with
to the rapid emptying of defect 1 and could also be relatedhe classical technique. On the other hand, other types of sig-
to the trap parameters under a proper analysis similar to thaal processing, such as Fourier and Laplace analysis can be
used for thermally stimulated capacitance. As seen, a smadlettled up in the same hardware. This would be useful in at-
increase of the sample capacitance about 3 pF is producgdmpting to resolve several traps which are emitting in the
by the thermal scan in the temperature range froh80 K same temperature range. This is part of our future work with
to ~310 K. the system.
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