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Abstract: We report in this study theoretical and experimestadies of photothermal deflection
spectroscopy (PDS) for planar doped heterostrustdt@aAs/GaAs. The PDS spectra at T=300K are
recorded by varying the wavelength of the excitadiation for different modulation frequencies. They
show two different regions related to the fundarakatectronic transitions from GaAs and Si doped
AlGaAs. The DX levels have been observed approxiyaat 0.150 eV below the conduction band
edge of Si doped AbGa sAS (Eg=1.835 eV at 300 K). We give in this studymneathod of measuring
the absorption coefficient of AIGaAs/GaAs heterostures from the amplitude measurement of PDS
signal. The optical absorption coefficient foundsvizetween 10 and 1@m* in the energy range 1-
2.5eV for samples. The PDS data are compared witiset given by conventional transmission
technique. The evolution of PDS amplitude spebfravarying the modulation frequency from 5 to
100 Hz (usually called depth profile analysis) aisthg He-Ne laser probe beam shows that the PDS
signal amplitude increases with decreasing the tatelli frequency. A numerical procedure is applied
to fit the measured amplitude of the PDS signak Vhlue of thermal diffusivity (0. 27cnis™)
shows a very good agreement with results giverplegtsoscopic ellipsometry.
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INTRODUCTION transparent sampleg;(l; <1) and thermally thinp(>l;)
it is possible to divide the PDS signal in two
Two dimensional GaAlAs/GaAs structures grown contributions; andp, arethe absorption coefficient of
by molecular beam epitaxy (MBE) have been achieveghe first layer and the second layers of the sanie
using modulated doping technigtltsWhen a doped optical absorption coefficients of GaAs and, AGa 7
GaAlAs layer is grown on top of an undoped GaAsAs compounds vary from 10 to i’ in the energy
layer, a two dimensional electron gas (2DEG) can bgange 1-2.5eV. PDS measurements are compared with
formed at the interfaé This is due to the electron those obtained by conventional optical methods.
affinity difference between the two materials. The In this study we present also a method that esable
introduction of undoped “space layer” separates théne to evaluate the thermal diffusivity of the sémp
electron in the channel and their parent donorsisTh  This method is based on the analysis of both the
reduces considerably the coulomb effects betweemeasured amplitude of the PDS (recorded by varying
carriers and ionized impurities and produces area®e  the modulation frequency from 5 to 100Hz) and the
of the mobility of the 2DEG in the channel. The theoretical data obtained by using an adequate mode
structure studied in this work is a twsi modulated

doped  GaAlAs/GaAs heterostructure ellsa]borate‘jl'heoretical model: Mandelis has presented a one

according to the model proposed by Schubieat.™. dimensional theory of PD% using an analytical
In the present study we repog results of photanethod similar to R.G thedf: As this theory is for

thermal deflection spectroscopy (PES) The aim of  thermally thick bulk samples, it is necessary tetato

the PDS experiment is to determine the absorptioRccount the multiple reflection of the incidenthiign
coefficient of the thin layer structure in the bi®  ine film.

spectral range. The absorption spectra show two - - -
maxima A (1.43 eV) and B (1.83 eV) respectively due he T;]gelg;tlicjlm;v:atlh;;nTtdlig]e:cjl\?en dal frcr: fdtf]lrs;gigor
to fundamental electronic transitions from GaAs and’ i ysis. ) , ,
GaysAlpsAs layers. A simplified one dimensional dimensional layers of a high refractive mediumhia-t
model similar to Rosencwaig and Gersho (R.G)film sample and the backing material. The pumping
theory®! is used for the theoretical analysis. It is solvedbeam is used to illuminate the sample at x=0 andh-L
for two layer sample. In the case of optically the Fig. 1.
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where, a is the optical absorption coefficierk; the
thermal conductivity an&, the refraction factor:

9= Kils /Kty b= Kyug /Ky, 05 =(1+]))/pset

L O
r=(1- =
() 5

Q is a complex parameter depending on the opticl an
thermal proprieties of the sample.

The amplitude A and the phageof the PDS signal
are finally give®:
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In a one dimensional geometry case, the expression

of the PDS signal S is giveh

S:Ldj[dﬁj J2mvt 1

n, dT dz

29

where, 1 dn

0

with temperature of the deflecting mediunr%% is
0

larger for CCJ (510* K™ than for air (16 K%, L the

interaction lengthy the modulation frequency ang z

the distance of the probe beam from the samplaceurf
The temperature distributioin the deflecting

where,Q, andQ; are the real and imaginary part Qf
respectively.

Saadallaht” introduced a general form for the
expression of the periodic temperature surfacesgfnai
conducting multilayer sample, deposited on a sabstr
and heated using a modulated light beam. It shoaved

is the relative index inrefraction change 9ood agreement with the experimental data when the

sum of the thickness of all layers is much smatban
the thickness of the substrate.

McGaha#? introduced an analytical expression
for the surface temperature based on Green’s fumti
treatment of heat condition equation. In this wer&
used the expression of Hiven by equation (4) of ref
in the many layer case, determined without any

medium T; (z) is complex and given by the equation@ssumption on the value of the layer thicknesss Thi

(2):
(2)

T, (2) = Qexpto; 2)
where, g, =1+ ))(2w 12D )? = (+ ) /1y . 4 is the
thermal diffusion length an®; the thermal diffusion
constant. Here the index | take the subscriptg)df la

for the film sample, fluid and backing material in

expression was obtained by resolving the heat euat
in the different media with suitable boundary
conditions. It showed a very good agreement witla da
obtained using GaAs and AlGaAs/GaAs hetero
structures. Table 1 lists the physical constan&sus
our calculations.

Samples and experimental setup: The samples used
this study are GaAs compound and three

respectively.Q is the complex temperature rise aboveAlGaAs/GaAs modelled doped hetero structure grown
the average temperature on the sample surfacetand by molecular beam epitaxy on semi-insulating GaAs
expression is obtained by solving the one dimemdion (001) substrate and elaborated according to theemod
heat equation in the different environments sampleproposed by Schubert al.'®l Heir structures are
fluid and packing material and assuming a continaft  illustrated in Fig. 2. Two delta doping monolayeeres
the temperature and the heat flux at the differenincorporated. The first planar dopifgSi (N5 = 2
interface. In the case of homogeneous opticallyl0* cm?) is introduced in a plateau (Samplg $=0.
absorbing sample and for a sample made of one lay&3), in a narrow QW (Sample, =0. 24), or in a
the expression d is given by*%: barrier (Sample $=0. 41) as it is shown in Fig. 3.
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Table 1: Physical constants used in theoreticalsations!

Thermal conductivity K (W/cm K) Density (g/cn) Specific heat C (J/g K)  Thermal diffusivity D€ (cn/s)
GaAs 0.55 5.36 0.33 0.31
Al,Ga..As 0.55 - 2.12 x + 2.48x 5.36-1.6 x 0.33+0.12x 0.31-1.23 x +1.46x
CCly 1.0310° 1.59 0.87 7.4816

Cap layer CaAs 50 A

Ga,,, Al,,As 100 A

3.(Si)=P> 2
Gay,, Al As 3
2000 A =
. Ga, AlAs 14 A E
8,(S)= Ga, AlAs 14 A . 5
Gay,y Aly3As 90 A v% T
GaAs 5000 A ’ N e
.00 125 1,50 1,75 2,00 225 2,50
Buffer layer GaAs Energy (eV)
Substrate GaAs (001)
Fig. 4: PDS spectra of 3@t GaAs compound
Fig. 2: Schematic cross section of sample
This deviation is measured by using a position
5(81) (1) photodetector attached to a look in — amplifiereTh
PDS spectra are normalized by to the flux of inotde
| | photons.
|
J | (@) RESULTSAND DISCUSSION
58D 5(8) The Fig. 4 shows the PDS amplitude spectra (curve
* ’ SE)) of a thick GaAs compound (37&) used as a
substrate for the elaboration of our heterostriestuat
‘ the modulated frequency f=13Hz. The thermal
J ! ‘—P diffusion length g for this sample GaAs is large
(b) compared to his thickness at this modulated freguen
(4 = 871um). So we considerate the sample as
5(S) 5(Si) thermally thin. The PDS spectrum has been norndlize

by the saturated intensity just before the onset of

| sudden decrease.
| The phase information is obtained from both
J (c) calculations and experiments. The phase spectra,

however, indicate only a constant value because the
Fig.3: The self consistent calculation of theSample is thermally thin. Therefore thedependences

conduction band structure, the levels energyCf the phase shift contain little information. .
and the Corresponding wave functions, for The optlcal absorptlon coefficients were derived

samples §a) , S (b) and 3(c) from the PDS amplitude spectrum by comparison with
the theoretical analysis.
The second planasSi (N°5,=10" cmi®) is placed For a GaAs sample of thickness L=3i#% and for

in Alg3Ga s7As at 150A from the cap layer in order to the modulated frequency f=13Hz, we plot the
compensate the electrical charge needed for surfadgeoretical PDS amplitude calculated from Eqgs (4
depletion. and (5) of réf’ (by setting;=1,=0 ) as a function of the

The sample is heated using a 1000W halogen lam@ptical absorption coefficiend. The theoretical curve
placed behind the slot of a monochromator. LightSa) in Fig. 5 shows the dependence of the normalized
coming out of the monochromator is chopped using @mplitude of the PDS signal on the optical absorpti
mechanical chopper. The optical absorption iscoefficient. In the lowe range the deflection amplitude
generated in the sample a thermal wave whichncreases with increasing; but in the largea range
propagates until the C£Ifluid and creates a the signal saturates to a constant value. Thigatidn
temperature gradient causing a refractive indexoccurs for optically opaque and thermally thin
gradient, hence a deviation of the probe lass=anb (us>L>1/a) sample.
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Fig. 5: Determination of the absorption cuoug(ho)
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Fig. 6: Transmission and reflection spectrum of aA Fig. 8: PDS spectrum of 1SS, and § samples

compound . .
We have measured the optical transmission

coefficient and reflection coefficient of the ultra
polished GaAs sample. The thickness is determiryed b
e using an electronic microscope (da).

g We present in Fig. 6 the reflectance R and

T transmittance T spectra obtained for the same GaAs
sample.
We present in Fig. 7 the absorption coefficiapf

GaAs calculated by using the follows equafitn

2%

Absorption coefficient (cnr1)

. I 0
1.0 1.2 14 1.6 18 2,0 2,2 24 d

2 2
o 0= Liog AR, R[(lR)]
2T 2T
Energy (eV)

P : ; We report also in Fig. 7 the absorption cuovéE)
Fig. 7: The adjusted photodefiexion spectrum ared th deduced from PDS measure and experimental results

absorption curved (hw) deduced from PDS  ghiained by Cas& From spectroscopic ellipsometry

measure and theoreticthe resultslts agree wittmeasurement.

results obtained by Casey We notice a good agreement between these spectra

for 1.3eV <E < 1.45eV. That shows the best choice of
From the measured PDS spectrum we determinthe model of calculation used.

the absorption coefficient, (E) by corresponding the It is possible to see that photo deflection
theoretical normalized cur@(a) and the experimental Spectroscopy gives the absorption spectra over the
curve S (E) for each value of excitation energy(Fig. ~ fundamental gap. To make a comparative study with
5). The results obtained appear in Fig. 7 (curyeand  classical optics it would be necessary to use much
they can be compared with that deduced from opticahinner samples, but it would be diffictdtobtain
measures. sufficiently good optical polishes.
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Table 2:  Values of thermal diffusivity, thermalfdi$ion lengths calculated from the frequency f=13id thickness; of each layers
constituting the sample

Layers Thickness p(m) Thermal diffusivity cris Thermal diffusion lengthun)
Capsule GaAs 0.050 0.31 871
Alo3Ga s7AS 0.25 0.063 390
GaAs 375 0.31 871

We report on the Table 2 values of thermal
diffusivity, thermal diffusion lengths calculatedom
the frequency f=13Hz and thickneds of each layer
constituting the sample. The thermal diffusion ksg
1 = (Di/f )2 for use modulated frequency (Table 2) is
large compared to the thickness of each layer. 8o w
Yot considerate the sample as thermally thin.
w0y Yasuhiroet al.® treated the multi-layer model in

/ which the incident light was assumed to be entirely
absorbed at the surface of the sample. The appabaim

108 - : formula of the PDS signal in this case indicates th
Lo L3 20 23 possibility of investigating two optical absorption
Eneigy (V) coefficients of the first and second layers of shenple.
) ) ) ) So the PDS signal is the sum of two contributions
Fig. 9: Optical absorption spectra of the thick pem coming respectively from GaAs and Si doped

Sy Al 3Ga 67AS layers:

o (em!)

_ Loy o _
5_7(1_ J)Zaih =8+
( 2a k = §+%

To determine the absorption spectra gfvg adjust
the corresponding PDS spectrum to the absorption
spectrum of GaAs substrate. We obtain thus absaorpti
spectra of the samplg Bpresented in Fig. 9.
02 L W,;A/ ‘ Figure 10 shows the PDS amplitude spectra of the
T&Eﬁﬁ‘:’“ 5 sample $ and for different modulated frequencies
0.0 ‘ . (13Hz, 53Hz and 93Hz). It is pointed out that théts

1.0 1.5 2.0 2,5

Encrgie (V)

0.6

AfAmax

04

of the absorption curves is due to the differemcéhi
thickness of thermal active layers at the sampléechvh

) ) has an influence on the photo thermal deflectigmai
Fig.10: PDS amplitude spectra of the sampleasSa

. > sincels > L,
function of wavelength and for various The procedure for finding the thermal diffusivity
modulated frequencies coefficient of the sample is as follows. First tABS

. ) . spectrum of the sample was recorded by varying the
The PDS thus appears particularly interesting b&au mqqylated frequency from 10 to 100Hz. The excitatio
the experiment has been performed without anyagiation, used was 632.8nm He-Ne. For this frequen
particular sample preparation with unpolished 1682 36 and this excitation energy where the samle i
Figure 8 shows the photo thermal deflection S'gna{hermally thin g.d<<1) and optically opaquext>1)
obtained from § S and § samples at room . equation (3) can be written as:
temperature and at f=13Hz as a function of photon

energy. The three spectra present the same appearan L g
but they are so different in amplitude. The peaks Aa=—=2"
(1.424 eV), B (1.67eV) and C (1.894 eV) dominate S no dT

and spectra, correspond respectively to optical I,(1-R D Tf
S, and § sp p pectively to optical 1,(1-R,) JE expl2 \E ) )
f f

transition band-band in GaAs, valence band-DX eentr 2K, (b+g)
and door-acceptor in Si-doped (AlGasAs. PDS
measurements show that the presence of the DXrcente
in AlgsGayg/AS barrier can control the electron
population in GaAs channel. The DX central effenis
reduced when the firétdoping plane is introduced in a
thin quantum well QW (Sample)S A =7.6910\/D, expt 20.68a/ f (8)
141¢

The simple form of A that correspond to the
sample used in this work:
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Fig. 11: Fitting results of the PDS amplitude as9.
function of the modulated frequency

10.

As the relationship between the PDS amplitude and
the modulated frequency we fit the experimentahdat

The best fit curve, is shown in Fig. 11. The goodl1l.

agreement between the experimental and theoretical
results demonstrates the reliability of the adopted

theoretical approach. From the experimental resuits 12.

can deduce by comparison with the corresponding
theoretical variation in Fig. 11. The value of s
=0.27 cni/s). This R value is in good agreement with
previous work "8l

13.

CONCLUSION

In this work, we have presented a method tol4.

determine quantitatively the optical absorptioncte
of thin films using the high sensitive techniquepbbto
thermal deflection spectroscopy. In addition theSPD

measurement enables us to evaluate the thermab.

diffusivity of the sample.

17.
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