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Letier to the Editor

ON THE RESOLUTION ABILITY
OF
o %w>wnm TRANSIENT SPECTROSCOPY A
%WEOZ WITH THERMALLY STIMULATED
CHARGE (TSD) MEASUREMENTS
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BARANCOK, D.1), HALUSKA, M., Bratislava

The d :
many -.MM“@MV Mﬁ”ﬂ“ﬂ”ﬂ mvoMnnomnovv. (DLTS) developed originally by Lang [1] occurs now in
in [2, 3]. All the Eo&mobamohmﬂwmom&coo oy Aurw—.m.a transient spectroscopy (QTS), was suggested
semiconductros. Possibilities to © DLTS are i_m&v.. E*wm for the investigation of deep levels in
relaxation processes of different oxw..w:a the Ubﬂm principle utilization to other materials or to
QTS as an alternative of S-na.“. origins were pointed out in (4, 5]. The paper [6] deals with the
of the respective sensitivities of Mﬂﬂb:v. u.n:::u”wnmn depolarization of a dielectric, the comparison
several kinds of dipeles o<on cﬂ= o.“.r methods is in favour of QTS. The dielectrics contain usually
The question arises vvmﬁ MM u.w,wvcamﬁm spectra of relaxation times are expected in some cases.
anikng b e 5Velresns e Q ; wr..ro% to HGR.V_«S contributions of different relaxation mech-
to posses high ﬂowo?omo:v nec, mainly in comparison with the TSD, the latter being considered
power.
The followi i :

[7]. The wvv,““m:”w”m M—MMM_%M” concerns a concrete QRS apparatus described in more detail in
nel operation. The multich. Mno:a;:oﬁ methid siggtited in (8], while using a multichan-
signal-to-noise ratio de &Mﬂb Tode.of measuremicnt improves selectivity without substantial
plitude [8, 9]. With gn-“.,. - .w”..vd. Yet a”m—.o 18 a simultaneous decrease of the resulting signal am-
an therefore confine our nozwm““_w“uam.oom ”HMMW&AMM« %) bhe celectivity exlibitsssatnration

. 3 ]
nﬁ”“”%%”ﬂ“- o..o contribute to the polarization of the diel

with n = 3. If we suppose a single
ectric, the process is governed by its

S 0

(where 75 is preexponential facotr). The formula for the specified QTS mode {7] can be derived:
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where z = E/kT, At defining in our case the “time window” related to the relaxation time Tmax
at the maximum response {1], K is a constant involving the equilibrium amount of polarization.
The assumption of noninteracting dipoles with different time constants is required to conserve
the superposition principle.

Now let us concentrate on Fig. 1 which shows a QTS signal computed for the case of a
single polarization (depolarization) according to (2). As a measure of the selectivity we take the
FWHM (full width-at-half maximum), see A in Fig. 1. It may be evident from the figure that the
selectivity improves with increasing time window At, while keeping the remaining parameters
constant. When reducing the At the QTS peaks are shifted towards higher temperatures and
broadened. Note the amplitude of the signal does depend on At.

654 3 2 1
3
=
"o
c
20
L]
wy
T
o
06 10 14 18 T/Tm
- . . . E T.s
Fig. 1. QTS signal calculated from (2}, the variable z being defined z = T (Tpas —
m3

E
temperature of the peak maximum (3)), where T
w3
widths of the time window: (1) — At = 0.01,(2) - 0.1,(3) — 1,0, (4) - 10,0(5) — 100ms, (6} — 1
and (7) — 10s. FWHM is labelled as A.

= 10. The peaks correspond to various

An exact criterion for the resolution ability cannot be derived. One can obtain an illustrative
picture from locking at the fine structure of the resulting QTS signal, composed of two peaks
which stem from two dipole species diflering in the respective activation energies E, and E,.
The evolution of such a signal with increasing time window At is envisaged in Fig. 2. Two
counteracting tendencies are evident; separation between the peaks {a) and (b), respectively,
reduces for enhanced At, while FWHM at the time becomes smaller; thus one can deduce an
increasing resolution ability for At becoming large. Curve (3) demonstrates the case with a valley
lying 5% below the link of the two maxima (see the insert in Fig. 2 for the “5%" criterion). The
ratio of the respective activation energies Ey/Eq is nearly equal to 1.18 in this case.

Comparison with TSD. The thermally stimulated depolarization method (for details see {10])
relies on polarizing the dielectric at an elevated temperature Ty with subsequent cooling to a
temperature To. At the latter temperature the polarization voltage is removed and the sample
of the dielectric shortcircuited by a current meter. Then, when heating the sample (mostly at
constant heating rate b = dT/dt) a depolarization current is flowing in the outer circuit. In the
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Fig. 2. QTS s
gnal as a sum of two
dipoles with cl | .vow_nm (a) and (b), respectivel, :
comtespions aon me—%‘ spaced activation energies providing the nwﬁﬂ. M.womv._m_:ml from two types of
arious S_Mnrw of the time window: (1) — At = 0.01 vaol oamlau.um. The curves
and (5) — 1000ms. Insert shows the “5%" n:..nowmoz. -1,(3) - 1.0,(4) - 10,

a*
case of an ideal &.unwnﬂﬂu—ﬂ OOEBN.:EMN [0} a m-ﬂm.—ﬂ species of noninter @03—.—@ &.—UO~ﬂm one can derive
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TSD spectra which depend upon the heatj

b S > eating rate b are well know [10): w i

P mbnnnwm_wwo“. o”MsMwU Eﬂnommnm_ _..:.un the signal amplitude mmﬁ _o_«.cna‘M—Mnhm“wM—ww_MM on. -

it m#m&ob.nm imnmm”..n h e resolution becomes lower, in addition :-.Qd is m.&gbo”.wwwm

ey Fig. 3 shon E,M uw.nww—m. O:ﬂ...w:n_% used experimental values for b vary Mvocp

dimoles wion e g am:n owr.u:.—.w»_on (according to (3)) for the case of two types of

the former one. The energy E, N“.Mﬂnwﬁm““ Wnnw““w i Tty o nwrM: .

! ) “ " ol k-3

is satisfied for E, = 0.54 eV, i.e. the ratio E/E, MmMFmMmoMM n%mo %@nfﬂﬂﬁﬁﬂ“ﬂ”mnmy :m:w-dob_.“
a » values a

calculation was perf. ;
performed for a QTS response, while choosing At = 1ms for the time wind.
e window as *

conditions (i.e. b ~ 0,15Ks~1
. 3 ; d At ~ 1 i
Righes e X an ms) the resolution power of ¢ i i
et MH. moﬂm. ”m 1t could be deduced from the preceding gﬁ“m.wm AWW ,HHmO a.mm a<_mo=2..<
v el Emumwi <n.H, ”. e QTS resolution without any sensitivity loss by a RMNLMW_ 2 nnw— ming
- e computed QTS signal for such a regime of high resolution Amm_ OowH:me

e.g. for the large time window (A
: t=g 5 3
resolution ar o me ey ( 40 ms), is reproduced in F 1g. 3. Evidently, we get the same
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Fig. 3. The calculated TSD signal (left) for the case of two dipole kinds with activation energies
E, = 0,5¢V and E, = 0.54¢V (7, = 107115, b = 0.15Ks™'). The QTS signal (right) was

computed for the same energies taking the widely used time window At = 1ms. In the middle
of the figure there is the QTS signal in high resolution (HR-QTS) regime (At = 840ms).

The main advantages of the QTS when compared with the TSD (e.g. extremal sensitivity,
arbitrary heating rate, simple analytical expression for the signal, etc) were mentioned in [6].
This list can be complemented by the possibility to obtain all the parameters during a single
temperature scan (in multichannel mode) mainly for the distributed polarizations, the determi-
nation of which is not consistent with the single TSD temperature scan. The basic conclusion
of the present analysis is the requirement to apply large time windows to QTS experiments to
achieve a resolution capability comparable with that of the TSD. Neverheless, the TSD is the
only technique which makes it possible to operate in the partial-heating mode (multistage TSD
- {10]), which mode is particularly useful when studying composite dielectrics like polymers.

REFERENCES

[1] Lang, D. V.: J. Appl. Phys. 45 (1974), 3023.
[2] Kirov, K. L., Radev, K. B.: phys. stat. sol. (a) 63 (1981), 711.
[3] Farmer, J. W, Lamp, C. D., Meese, J. M.: Appl. Phys. Lett. 41 (1982}, 1063.
[4) Thurzo, I, Kresdkova, K., Jakubovie, J.: J. Phys. D: Appl. Phys. 15 (1982), 1751.
[5] Hrobar, M., Travénec, L.: phys. stat. sol. (a) 107 (1988), 235.
[6] Thurzo, L: Cs. &as. fyz. A 35 (1985), 253.
[7) Halugka, M.: Deep-level transient spectroscopy in semiconductors (Thesis), EF SVST Bra-
tislava, 1987.
127



[8] Crowell, C. R, Alipanahi, S.: Solid-St. Electron. 24 (1980), 25.
(9] Thurzo, I, Gmucovi, K.: Gs. ¢as. fyz. A 34 (1984), 272.

[10] Van Turnhout, J.: Thermally stimulated discharge of polymer electrets. Kreps Repro B.
V.-Meppel, Delf 1972,

Received December 6th, 1990
Accepted for publication January 11th, 1991

128



