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MESFETs on GaAs/Fluoride/Si Structures
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MESFET's were fabricated on single domain GaAs/fluoride/Si structures

which were grown by MBE.

The single domain GaAs layers were obtained by

introduction of a double-fluoride layer composed of (Ca,Sr)F, and CaF,, as

well as uge of off-oriented Si(100) or Si(511) substrates.

=0.8mA/V

1. Introduction

GaAs-on-Si has been actively
investigated, however, there are still
problems of crystalline defects in Gals
layer, which results from mismatches of
lattice parameters and thermal expansion
coefficients between GaAs and Si. These
problems may be sclved by use of a
GaAS/CaxSr1_xF2/Si structure, where a
crystalline insulator layer is inserted
between GaAs and Si as a buffer layer. The
lattice constant of Ca,Srq_,F, can be varied
continuously by the mixing ratio between SrF,
and CaF, and closely matched to both
GaAs(x=0.43) and Si(x=1.0).
thermal expansion coefficient of Ca,Srq_
xF2(18—19x10'6/deg.) is much larger than that

of GaAs, thermal strain in the GaAs layer

Since the

which is produced by the smaller expansion
coefficient of Si may be relaxed at RT by
insertion of the fluoride layer. Moreover,
perfect electrical isolation between GalAs and
Si is attractive for applications such as

very high-speed IC's, OEIC's, and 3-D IC's.
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gn=12mS/mm and

were obtained for an FET with Lg=7um and Wg=140um.

From the viewpoints of device
applications, growth on (100) face is
desirable. (100) oriented GaAs growth on
(Ca,Sr)Fz has been investigated in the
structure of GaAs/(Ca,Sr)F2/G5A3(1OO)1’2).
Optimum conditions to grow GaAs layers with
good electrical characteristics on the
fluoride have been studied and device
fabrications have successfully been
demonstrated in this structure 3’4). On the
other hand, studies on GaAs-on-fluoride
structures using Si(100) substrates are very
few, and moreover they are limited in
crystallographic investigations 7’8). The
most significant problem of the (100)
oriented GaAs-on-fluoride was antiphase
disorder which generates in GaAs layers.
However at present, its generation mechanism
is being clear and the suppression method is
being developed 5’6’7).

In this work, the first device
fabrication on the GaAs/fluoride/Si structure
was demonstrated, where double-layered
(Ca,Sr)Fz/Can was introduced as the fluoride
layer and off-oriented Si(100) and Si(511)

substrates were used.



2. Variation of GaAs/Fluoride/Si Structures

Various composition of the fluoride
layer between GaAs and Si can be considered
The GaAs/CaFQ/Si

structure shown in Fig.1(a) is most simple

as shown in Fig.1.

and the crystallinity of the Gals layer was
best as long as it was measured by Rutherford
backscattering and channeling spectroscopya).
However, it has a problem of the lattice

1£ CaF2 is
replaced by (Ca,Sr)FQ, the lattice matching

mismatch between GalAs and Can.

condition between fluoride and Gads is
satisfied. However, direct growth of single
crystalline (Ca,Sr)F2 films on Si(100) face
is difficult 9). So, a double-layer
structure composed of (Ga,Sr)Fz/Can shown in
Fig.1(b) is a good candidate for solving the
conflicting problem.

In growth of GaAs on the fluoride
crystal of (100) face, there is a problem of
antiphase disorder, which results from four-
fold symmetry of atomic arrangement of the
(100) face of CaF, structure and/or the micro
facets existing on the as grown fluoride
films 5).

disorder, use of off-oriented substrates and

In order to suppress the antiphase

pPlanarization of the micro facets by rapid
thermal annealing (RTA) were found to be
effective 6’10). Recently, single domain
GaAs with good surface morphology was
obtained in the structure as shown in
Fig.1(c), where a Si(511) substrate was used
and the surface of CaF, was planarized by the

RTA process 7). The double-layer structure

GaAs

Si (100) Si (100) Si(511)
(a) (b) (c)
Fig.1 GaAs/fluoride/Si struectures grown for

FET fabrication in this work.

296

shown in Fig.1(b) is also considered to be
useful from a viewpoint of the suppression of
antiphase disorder, since the micro facets on
the (Ca,Sr)F, surface are intrinsically
deformed or truncated compared with those on

CaF2 surface 6).

Thus, the epitaxial growth
of GaAs films on the mixed fluoride is also

tried.

3. Growth of Gals/Fluoride/Si Structures

81(100) just and 4° off toward [011]
wafers were chemically cleaned and heated in
a UHV chamber at 830°C for 30min. On these
in-situ cleaned substrates, 200nm-thick GaF2
layers were epitaxially grown at 550°C and
100nm-thick Ca,Srq_,F5(x=0.5) layers were
grown at 500°C on the CaF, layers
continuously. In some samples, only CaF,
layers were grown for comparison. Besides
(100) samples, 300nm-thick CaF, layers were
grown on Si(511) substrates in the same way
as on Si(100) substrates, and in-situ RTA at
900°C for 90sec was carried out 7). After

growth of the fluoride layers on the Si

substrates, GaAs layers were grown on these

In the growth of GaAs, the

samples by MBE.

Fig.2 Surface morphologies of GaAs grown on
fluoride/Si(100) structures. The fluoride
layer and off-set angle of Si substrates are:
(a) (Ca,Sr)F2/Ca.F2, 4°off (b) CaF,, 4°0ff

(e) (Ca,Sr)FE/CaFQ, just, (4) CaFy, just



2-step growth method (450°C-580°C) was
employed, in which 1.3um-thick un-doped
buffer and 0.2pm-thick Si-doped (2x10'7cm=3)
active layers were grown.

Fig.2 shows surface morphologies of
these samples. A GaAs layer grown on the
(Ca,Sr)F2/CaF2/off-oriented 8i(100) structure
showed a smooth surface and almost single-
domain structure though a few antiphase
regions were found as shown in the photograph
(Fig.2(a)).
directly on CaF2 layer, density of antiphase

When GaAs layers were grown

regions drastically increased, even though Si
The

surface of the GaAs/fluoride structure grown

substrates were off-oriented (Fig.2(b)).

on just(100) substrates showed random
antiphase structures for both fluoride layers
of CaF, and (Ga,Sr)Fz/CaFQ (Fig.2(e)(d)).

4+ MESFET Fabrication and Characteristics

MESFET's were fabricated in a
conventional process on the GaAs-on-insulator
structure as shown in Fig.3. First, each
device was isolated by mesa-etching the Si-
doped active layer in 4H2804:H202:H20
solution. After the mesa-etching, sources
and drains were formed by Au/Au-Ge using the
lift-off technique and sintering at 450°C for
90sec in N, atmosphere. Finally, the Au gate
electrodes were formed, also by the 1lift-off
technique.

Fig.4 shows a micrograph of a fabricated
FET, where the gate length(Lg) and the gate
width(Wg) are 3um and 60um, respectively.
Fig.5 shows an example of the drain current
(Id) and drain voltage (Vd) characteristics
of an FET fabricated on a
GaAs/(Ca,Sr)Fz/Gan/Si(off—(100)), where
Lg=7um and Wg=140um. Normal FET operation
was obtained and the maximum value of gm was
12mS/mm at Vg=t0.7v. The FET's fabricated on
other specimens also showed the normal

operation. Fig.6 shows \/Id -Vg
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Au(G) ay-ge(D)

Au-Ge(S)

Fig.3 Schematic of a MESFET fabricated on a
GaAs/fluoride/Si structure. The fluoride
layer is (Ca,Sr)Fz/Gan or CaF,.

Fig.4 Optical micrograph of plan view of a
fabricated MESFET of which cros-sectional
structures is shown in Fig.3.
Lg/Wg=3um/60um.

Fig.5 I3-V4 characteristics of a fabricated
FET. Vg=+t0.8V -0.4V with 0.2V step.
Lg/Wg=7um/140um. gm=12mS/mm at Vg=+0.7V and
K=0.80mA/V<.

characteristics at the saturation regions of
these FET's. Characteristics of an FET
fabricated on a homoepitaxial substrate
(1.0x1017en=3 Si-doped in active layer) are
The K-values and

The highest

also shown as a reference.
Vth are summarized in Table 1.

K-value of 0.8mA/V< was obtained on
GaAs/(Ca,Sr)F,/CaF,/Si using off-oriented



GaAs grown on

o (Ca,SrF,/CaF,/8i(100) just Substrate 5i(100) 8i(511) |GahAs(100)
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Fig.6 I;- V_ characteristics of FET's
fabricateg on_each structure and those on

GaAs-homoepitaxial layer for comparison.

(100) substrates, whose surface morphology
This
value is as high as the best value obtained
on GaAs/(Ca,Sr)FQ/GaAs structure 4).

In all FET's fabricated on GaAs-on-
fluoride, the Vi, values were higher than the

was very good as shown in Fig.2(a).

calculated value assuming that all doped Si
atoms were activated as donors (that is -5V
for Ny=2x10"7cn=3).

carrier density is supposed to be caused by

This decrease of the

crystalline defects in GaAs layers, and the
lower Vi, on the (511) substrate than those
on (100) substrates is probably related to
the lower dislocation density in the Gals

layer grown on (511) substrate, as observed

by cross-sectional TEM 7).
5. Conclusion

MESFET's were fabricated on
GaAs/fluoride/Si structures and K=0.8mA/V?
with Lg/Wg=7um/140um was obtained on a single
domain GaAs layer. This single domain layer
was grown by using the double-fluoride layer

composed of (Ca,Sr)Fz/Can and on off-

fabricated on each structure.

oriented (4° toward [011]) Si(100) substrate.
These results demonstrate feasibilities of
GaAs/fluoride/Si structure for device

applications.

Acknowledgments

The authors are thankful to H. Tsukamoto
and O. Ishiyama for their cooperation in
device processing. This work was supported
by 1987 Grant-in-Aid for Special
Distinguished Research(No. 59060002) from the
Ministry of Education, Science and Culture of
Japan.

References

1) C.Fontaine, M.Berrabah, J.Nejjar and A.M-
Yague: J. of Crystal Growth 81 (1987) 547

2) P.W.Sullivan, G.M.Metze and J.E.Bower: J.
Vac. Sei. Technol. B3 (1985) 500

3) K.Tsutsui, H.Ishiwara and S.Furukawa,
Appl. Phys. Lett., 48 (1986) 587

4) K.Tsutsui, T.Nakazawa T.Asano, H.Ishiwara
and S.Furukawa, Electron Device Letters
EDL-8 (1987) 277

5) K.Tsutsui, T.Asano, H.Ishiwara and
S.Furukawa: Proc. Int. Symp. Gals and
Related Compounds 1987, Inst. Phys. Ser.
No.91, Inst. Phys. (1988) 589

6) K.Tsutsui, T.Asano, H.Ishiwara and
S.Furukawa: Proc. of 5th Int. Cof.
Molecular Beam Epitaxy, Sapporo, 1988, to
be submitted

7) T.Asano, H.Ishiwara and S.Furukawa: Ext.
Abs. 5th Int. Workshop on Future Electron
Devices -Three Dimmensional Integration-
(1988) 99

8) T.Asano, H.Ishiwara, H.C.Lee, K.Tsutsui
and S.Furukawa: Jpn. J. of Appl. Phys. 25
(1986) L1139

9) un published ( to be presented in 49th
Autumn Meeting,1988, Jpn. Soc. of Appl.
Phys.)

10) T.Asanc, H.Ishiwara and S.Furukawa:
Jpn.J. Appl.Phys. submitted

298




