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1. Introduction
As field effect transistors depart from the con-

ventional Si/SiO2 interface, because of gate leakage
in extremely thin SiO2 [1, 2], high-K dielectrics open
up new opportunities for semiconducting materials
other than Si. Germanium is a promising candidate
due to its higher and better matched electron and hole
mobilities. Due to the cost and leakage of Ge
substrates, most likely a Ge-based technology will be
germanium-on-insulator (GeOl) based.
We report on ambipolar GeOl FETs fabricated on

ultra-thin films of single crystal Ge, epitaxially
grown on a high-K crystalline lanthanum-yttrium-
oxide lattice matched to Si (111) substrate. The GeOl
FETs show promising transistor characteristics at
room temperature, while at low temperatures they
exhibit negative differential resistance (NDR) in the
drain current circuit.

2. Material Growth and Device Fabrication
2.]. Structure Growth
The GeOl structures used in this study began with

a 200 A epitaxial (Lao27Y073)203 layer (hereafter
LaYO), grown lattice matched on a low-resistivity Si
(111) n-type substrate. Amorphous Ge was then de-
posited at room temperature and recrystallized in the
presence of a surfactant Sb monolayer, producing a
smooth crystalline Ge layer of 50 A. A more
detailed description of the growth and characteriza-
tion of the LaYO and Ge layers can be found in
[3,4].
2.2. Device Fabrication

Simple FET devices, fabricated on this material
structure, showing its potential use, were reported in
[4], while the first ultra-thin, ambipolar devices were
published in [5]. In this study, FETs were fabricated
with improved source/drain contacts and a better fab-
rication procedure.

Source and drain were defined by optical lithogra-
phy and Ti/Pd contacts of 850 A were deposited
using electron beam evaporation. The devices were
isolated by etching the Ge layer using reactive ion
etching and passivated using 2300 A of PECVD SiO2
deposited at 260°C. The devices were annealed in
forming gas for 30 min at 330 C, which improved

the subthreshold slope and current drive. Via holes
were opened in the SiO2 layer for Ti/Al bonding
pads. Fabricated transistor W/L ratios are
200 gm/10 gm and 200 gm/5 gim. A schematic of the
device is shown in Fig 1(a).
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Fig.......1..(a) .Schematic of the.fabricated.devices;.(b)..DacharacteristicEsEE.atRT 300 K.

a)........

3. Measurements and Results
3.1. Standard Transistor Characteristics
The highly doped Si substrate is used as a back-

gate, with the LaYO layer as the gate dielectric.
Room temperature ID-VGs characteristics are shown in
Fig. l(b) for a 10 gm long device. Clearly, the device
is ambipolar, with both P-channel and N-channel
operation available in the same structure, depending
on the gate voltage. The device is remarkably
symmetric, compared to previously published work
[5], possibly due to compensation of the uninten-
tional doping of the Ge layer. The 'oN/AI'oFF ratio is
about 100, which is comparable to [5] and other
ultra-thin SOI transistors [6].
The ID-VDS characteristics for the same 10 gm

ambipolar device are shown in Fig. 2 both for N-
channel and P-channel modes. The characteristics are
very symmetric with similar current drive at the same
IVGsl and exhibit good drain current saturation. The
current drive is quite low, even taking into account
the ultra-thin Ge channel, possibly due to a high
density of traps at the Ge/LaYO interface, as well as
the residual doping in the Ge layer due to the Sb
surfactant used in the recrystallization process [3].
Improvement in the interface quality is a key issue
for GeOl device performance.
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Fig. 2. (a) P-channel and (b) N-channel ID VDS ambipolar
FET characteristics at T= 300 K.

3.2. Negative Differential Resistance
The N-channel characteristics of the same

transistor at T = 77 K are shown in Fig. 3(a). Instead
of saturating perfectly, as at T= 300 K, the drain
current reaches a maximum value and then decreases
with increasing drain voltage, leading to negative
differential resistance (NDR). A clearer picture of
this NDR in the drain circuit is shown in Fig. 3(b),
where the current is normalized by its maximum
value for VGS value. The relative peak-to-valley ratio
is larger at smaller VGS. The current peak position
varies with electron density as well, shifting to higher
drain voltages, for higher VGS. The NDR effect is
only observed for electrons and not for holes. It
becomes somewhat stronger at lower T= 4.2 K,
although higher VGS are required to reach the same
current drive at 4.2 K.
The observed NDR can arise from a number of

phenomena. Like the celebrated Gunn effect in GaAs
[7], NDR due to hot electron transfer to a low-
mobility valley in the conduction band was also
observed in pure bulk Ge at T < 130 K [8-10]. In our

case, where the ultra-thin Ge channel is confined by
LaYO and SiO2 dielectrics, the electron energy is
quantized into subbands due to the heavy and light
effective masses along the (111) confinement
direction. Since the in-plane effective mass is heavier
in subbands arising from the light mass in the (111)
direction [11], the NDR we observe may be due to
intersubband transfer of electrons, analogously to the
intervalley effect. However, NDR in a channel can

also arise due to charge-trapping of hot electrons
[12, 13] at the Ge/LaYO interface or at the top
Ge/SiO2 interface where the unintentional Sb doping
of the Ge layer is possible.

4. Conclusions
In conclusion, back-gated ultra-thin GeOl FETs

have been fabricated on Si substrates. These devices
show ambipolar FET operation with symmetrical
current drive in the N- and P-channel characteristics.

Fig. 3. (a) ID VDS characteristics, with dashed lines

marking perfect saturation; (b) normalized characteristics.

At low temperatures the drain circuit exhibits NDR.
Various circuit applications have been proposed for
NDR devices, such as oscillators, multi-valued logic
circuits and static memory cells. An all-epitaxial
GeOl technology that could combine ambipolar Ge
FETs with NDR devices (and possibly optoelectronic
Ge-based devices), all on the same Si substrate,
would be of great interest, provided the quality of the
Ge channels is improved.
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