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BAR-CONFIGURATION IN HALL MEASUREMENTSWITH GaAs

R. V. Ghita, C. Logofatu, C. Negrila, M. F. Lazarescu, A. S. Manea, V. Ciupina®

National Institute of Materials Physics, P.O. Box MG 7, Magurel e Bucharest, Romania,
®Department of Physics, Ovidius University of Constanta, RO-8700, Constanta, Romania

The eectrical and transport properties of GaAs crystas such as resistivity (p), mobility (u)
and carrier concentration (n) depend on the purity and defects of a particular crystal. These
parameters are normally obtained by performing a smple Hall effect analysis in a bar
configuration. The technical procedure is connected with the design of appropriate contacts
for Hall bar configuration. In order to ensure good ohmic contacts on GaAs, thin metal layers
of Au-Ge-Ni have been deposited in high vacuum followed by heat trestment in low vacuum.
Hall effect measurement is important for checking the qudity of the GaAs wafers. We
analyzed various GaAs wafers with (100) and (110), orientation obtained by LEC and HB
methods. The resigtivity of the wafers varied from low resistivity, n-type doped crystas
(n=10" cm™), to high resistivity crystals (n = 10" cm™®). This paper presents the data of Hall
characterization of wafers cut from GaAs crystals grown by different methods (LEC, HB).
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1. Introduction

The dectrical and transport properties of GaAs crystals such as resistivity (p), mobility (u)
and carrier concentration (n) are dependent on the purity and defects of the crystal. In our experi ment,
these parameters are obtai ned by performing Hall measurements with GaAs in a bar configuration.

The GaAs samples were n-type doped with two kinds of donor atoms namely silicon and
tdlurium. The wafers were obtained by liquid encapsulated Czochralski (LEC) and Horizonta
Bridgman (HB) methods and show (100) or (110) orientation. The Hall effect analysis was performed
over 15 samples with variation in chip size that have on one side ohmic circle contacts.

In literature [1] there are informations regarding the size effect in Hall measurements with
GaAs semi-insulating (SI) and GaAs crystalsin aVan der Pauw configuration [2].

From the point of view of semiconductor properties evaluation, it is of interest to determine
the effects due to the size and shape of finite contacts for representative sample configuration with
referenceto theideal Van der Pauw situation [2]. The error dueto the finite contacts was theordtica ly
investigated and a correction factor was proposed. This is a parameter related to the ratio of contact
areato area of the sample surface [2].

2. Experimental

Fifteen different chips of various size were anaysed. The bar-configuration is presented in
Fig. 1.

The n-GaAs samples, LEC type, (100) oriented, were prepared for Hall measurement in the
following manner. Firstly, the ohmic contact Au(83%)-Ge(12%)-Ni (5%) on semiconductor wafer
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was deposited in high vacuum (8 x 10° Torr). Thereafter, the samples with AuGeNi contacts were
annealed at 450 °C for 5 minin low vacuum (10™ Torr). For bar configuration the average dimensions
wereL =54 mm, | = 2.3 mm and the contact diameter d =1 mm. The third experimental step was the
bonding in air of indium wires on AuGeNi contact at 260 °C using aindium based solder.
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Fig. 1. Experimental contact configuration and the “ standard” characteristics of the sample.

Every sample was fixed on a holder situated in a magnetic field (B = 5000 Gs), and a driving
current intherange 0.1-10 mA was s&t at the edge of M, P dectrodes. The Hall voltagein the range of
(5-100) mV was measured perpendicularly to the driving current. The results alow for the
computation of Hall resistivity and mobility. Thefina results are affected by an error factor dueto the
finite dimensions of the sample and contact.

3. Results and discussion

Under theinfluence of a magnetic field, B, the current density Jy and the dectric field Eina
flat isotropi c homogeneous semi conductor must satisfy the following relation [2]:

J = o€ + oR, (3xB) )
where 0 and Ry are the conductivity and Hall coefficient of the sample respectively. When the

magnetic fidd B is applied perpendicular to the plane of sample as shownin Fig. 1, equation (1) can
be rewritten in the following form:

Ey = plJy ~tandd, ) @

Ey:p(tanGDJX+Jy) 3

R,B
wherep istheresistivity and tand = —"— isdefined as the Hall angle.
Yo

The Hall voltage V4 is measured between the infinitesma Hal dectrodes R and N when
current | is passing between inifinitesimd driving € ectrodes M and P. Therefore:

lo

V, _ ptandg 5

= — E., = =
E, | y = ptanél, ([-20)d

=0 (5)
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where d is the thickness of the sample, L-the length and | the width of the sample, and |, is the total
current injected into the sample. If both magnetic field and current are maintained constant, the Hall
voltage one would measure with finite eectrodes in the corresponding situation as shown in Fig. 1
will be (7):

v, =

= Z

E,dy = T,o(tanél]X +Jy)dy: Fj.,o(tanél]X +J,)dy + ?p(tan&]x +Jy)dy+ Tp(tan&]x +Jy)dy )
R R R N’

Since the resistivity in the ohmic contact region is nearly zero, the first and the third integral
on theright hand side of the equation (7) can be set equal to zero. In the situation:

JX(L—25)=IFS ®

Here Isis defined as the total current which passes through the semiconductor. Hence, the
apparent Hall measured with finite contactsis:

N N R
- _ptan8g |
V, —iptanHJXdy+£Jydy—Tr pJVJydy 9
Theresulting error factor can be deduced from eguations (6) and (9) as:
R R
o opendo L _pen8s L 5Ty Ld [ 3,dy
V, -V, d L d L "5 Iy =g N
EH = = = + (10)
V, ptand, | I, Il tan&
d L

Table. 1. The samples used in the experiments.

Sample | Growth Contact Chipsize | Contactsize | Plane ol Thickness
procedure (mm?) (mm?) (um)

S1 LEC AUGeNi 6x15 1 (100) 0.667 500

S2 LEC AuGeNi |45x23 |1 (100) 0.435 900

S3 HB AuGeNi [53x24 |1 (100) 0.417 1100

S4 LEC AuGeNi |45x23 |1 (100) 0.435 900

S5 HB AuGeNi [53x24 |1 (100) 0.417 1100

S6 LEC AuGeNi |54x39 |1 (100) 0.256 1000

S7 HB AuGeNi [59x24 |1 (110) 0.417 1000

S12 LEC AuGeNi |55x16 |1 (100) 0.625 800

The first term on the right hand side of equation (10) represents a reduction factor in
measured Hall voltage due to the loss of a part of the injected current that now flows around the edges
of the finite Hall dectrodes. The second term in equation (10) represents a bulk correction factor due
to the shorting effects or current re-distribution due to the presence of finite current and voltage
contacts. Thus, egquation (10) provides us with a physical interpretation of the error induced when the
e ectrodes in the bar-configuration measurement are not infinitesimally small.

The samples used in the experiments are shown in Table 1. They are characterized by
different chip size with the same contact size, a situation that implies different ratios &1. In our case
the contact shape is a circle and we approximated it for the sake of calculation simplicity with a
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square with the same area [1]. In the bar-configuration we established the expression of the error
factor, E, when theratio of AuGeNi contact diameter to sample width (&) is that from Table 1.

The results of Hall effect measurements, resistivity and mobility for different samples are
presented in Table 2. In Fig. 2 is presented the mobility vs factor &/l, supposing the effect of contact
size on ntype GaAs samples. These results are relevant for contact-size effects as they are presented
in the case of GaAs (Sl), in the regular articles [1, 3]. The apparent Hall voltage measured with finite

contacts is affected due to the orientation of the magnetic fidd B with Oz axis of GaAs unit cube, in
atypica configuration, wherethe conventional unit cube for GaAs is four times larger than that of the
primitive cell [4]. The next supposition is related to the results of Hall parameters in the case of (100)
and (110) samples as they are affected by the type of crysta reated to the growth procedures because
the bulk defects in crystals depend on the growth methods: LEC or HB.

Table 2.
Sample Substrate type Proportion &/l Mohility p(cm?/V's) Resistivity p(Qcm)
S2 N 0.435 279 0.538
S4 N 0.435 279 0.538
S7 N 0.417 1.76 0.632
S12 N 0.625 1147 0.233

We presented a caculation of Hal voltage on different n-GaAs samples with a bar-
configuration. This sample geometry was considered as the first one suitable for measurements on
GaAs semi-insulaing [3]. The experimenta set-up was an extension in case of bar-configuration
sample geometry of the standard Hall suitable geometry proposed in ASTM library [5] designed as
preferred (cloverleaf) or acceptable (square or rectangle contacts at the corners). In standard Hall
measurements the reative error factor is &l [5] with a computed error factor on Hall voltage
discussed by Chwang & d. in reference [2] related to the contact size effect. From this point of view
we calculated the error factor on Hall voltage in bar-configuration as a function of geometrica
parameters: L, |, d. The dectrica and transport properties of GaAs crystas, obtained from effect Hall
analyss, fit wel the expected characteristics of semiconductor samples.
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Fig. 2. Experimental effect of the factor &/l on n-GaAs moability.
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4. Conclusions

An extended Hal measurement on n-GaAs samples a room temperature was performed.
There were determined the effects introduced by the size and shape of finite contacts and finite bar-
configuration. The AuGeNi ohmic contact was deposited on n-GaAs wafers grown by LEC and HB
methods. The effect of the ratio &l on parameters, eg mobility, was evidenced. The py = f(/1)
variation is expressed by an experimenta curve and a notable difference between (100) and (110)
planes was remarked.

The error factor introduced when the e ectrodes are not infinitesimally small is expressed by
a reduction factor in measured Hall voltage coupled with bulk correction factor due the shorting
effects or current re-distribution determined by the presence of finite current and of voltage contact.
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