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We present a new high speed transistor, the V-grooved TEG-base
transistor (TEG BT) which is a majority carrier (hot) transport device
with a modulation of the barrier directly by the Vgg bias. By using a
two dimensional electron gas as the base, the structure is n*GaAs/graded
i-AlGaAs/i-GaAs (TEG base)/i-AlGaAs/n*GaAs, which has revealed high gain
(a¢=~0.96) and ultra high speed (~1lps).

Recently, molecular beam epitaxy (MBE)
becomes one of the important technologies
due to its good crystal guality and it is
capable of producing ultra-thin layers. In
a MBE grown two dimensional
(TEG BT) will

be presented. The device possesses a con-

this paper,

electron gas base transistor

ceptual similarity to the well-known metal
base transistor (MBE) Qith a base of two-
(TEG) instead of
The TEG base charges are produced

dimensional electron gas
metal.
at a heterojunction interface by an elec-
trical field caused by collector-base field
the

The concept

of this device was proposed by Changl),

and by carriers are injected from

emitter to the base by a bias.
and a theoretical analysis has also been
presented by Luryiz). The presented TEG-BT
preserves the main attractive feature (high
speed) of a MBT, while avoiding its inherent
drawback of a low common-base current gain,
a.

Compared to other hot-electron tran-
sistors, the key new idea of the TEG-BT is
that the base can be fabricated as thin as
lOOR or smaller without a loss in its sheet
conductance. The TEG is in the undoped
GaAs quantum well (~100£). In order to
make a contact to the base layer easily, a

V-groove etch technique is used.
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The TEG-BT was grown by the molecular
beam epitaxy technique. A cross section of
this device is schematically shown in i,
1
a 1.0um n+GaAs buffer layer, a 0.18um
0.4%3 .6
100A undoped GaAs Q.W. base, a 0.15um
undoped Aleal_xAs graded barrier (x=0.4~>

The structure investigated consists of

undoped Al As collector barrier, a

0) emitter and a 0.3um n'Gaas cap layer.
Emitter and base regions were delinated by
a selective etching technique. A mesa
structure was then formed along the emitter
periphery by the V-groove etch technigque
with the etching solution of H2804:H202:
H20(1:8:10).

The simplified conduction band dia-
grams for the TEG-BT are shown in Fig.2.
In equilibrium as shown in Fig.2(a), the
Fermi level is below the bottom of the
lowest subband EO of the Q.W. base, so the
base is not conducting. When a positive
bias VCB is applied to the collector, a
sheet of conducting electrons is induced
If v_ =0, and V

BE CB
ing, the energy level E0 moves downward

in the base. is increas-

with respect to the Fermi level E_ as

F

shown in Fig.2(b), and the number of
electrons in the Q.W. base increases. When
the TEG base starts conducting, the elec-

tron charge sheet density o in the base is



a function of V and V and can be

CB EB
expressed as,
_ _ -qK_V__ /KT
o —%; (W Vo h g B BEIANT [ 1)
The "1" in the bracket is due to V which

CB
induces electron charges in the guantum

well base, while the exponential-term
e *eVEr’*T is due to the charge injection
KE
The threshold voltage VT

base conduction is a function of device

from the emitter. is the proportional

constant. for the
geometry (4, ,d,;,%) and the doping levels
in the emitter and the collector.

's are

BE
applied between the thin base and the

When a set of positive bias V

emitter.
2(c).
this case, the barrier height in the

and K_V

BE C CE’
The current-voltage characteristics of the

The band diagram is shown .in Fig.
A transistor action is occurred. In
emitter side is lowered by KEV
TEG-BT are shown in Fig.3. The base-emitter
bias is changed 0.2V per
The IC versus VCE
higher currents with the

This is due to the

step from zero.
curves are shifted to
increasing VBE
reduction of the

bias.
barrier height for thermionic emission
into base.

Due to the low fraction of electron
loss in transporting the base and low
probability of quantum mechanical reflection
when electron passing over the triangular
barrier, the common base current gain,
umU.QG(VCE=2.5V, IE=3mA) has been achieved.
It is much higher than the reported metal-
base transistors, e.g., the Si/CoSiz/Si
structure MBT with a$0.23).

The transit delay time in the collec-
is the satura-

S
In this device Tc

tor is Tc=d2/VS, where V
tion velocity. is about

lps. However, at room temperature the

device is mainly limited by the Rbceb
constant. This becomes negligible when
operated at very low temperature (e.g.,
4°K). Moreover, a velocity overshoot may
be prevailed in such a thin layer of base
and collector when it is comparable to
the electron scattering mean free path4).

The relationship between the TEG base
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sheet resistance, Rp , and the applied

CB’ is illustrated

in Fig.4. When the emitter is floating and
due to the

As VCB>0.5V, Rpo

decreases with increasing the V

collector-base voltage, V

VCB<0.5V, Rp is very large
subthreshold regime.
gn.e B
account of the increasing of induced TEG
density in the base as discussed in Eqg.(1).
The induced TEG is limited by the break-
If a

is

down field in the AlGaAs barrier.
negative base-emitter bias, VEB’
applied as shown in Fig.2(c), the barrier
height of the triangular emitter barrier
is reduced, which enhances the carrier
injection from emitter to base, and the
base sheet resistance is reduced. When the

polarity of the V is changed, the base

sheet resistance ES increased due to the
reduction of the base TEG density.

In conclusion, a novel hot-electron
transistor with TEG base has been fabri-
cated successfully. The ultrathin base is
made by using an undoped GaAs quantum well
A V-groove etch technique is used to make
contact to the base layer. The main
attractive feature of metal-base transis-
tor, high speed operation, and high
common-base current gian, a(=0.96) have
been obtianed, simultaneously. Charges in
the quantum well base are "inducted" from
the collector-base field and of "injected"

from the emitter-base bias.
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The cross section of the TEG base
transistor.

Fig.1l.

Fig.3. Io-Vep characteristics of TEG-BT
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Fig.2. Conduction band diagram of the
TEG-BT device.
(a) equilibrium
(b) a positive bias Vv
to collector
{c) i pos;tive bias Ver 1s applied
O emitter

cp 1s applied

with Vpp as parameters (from right
to left 0.2V per step from zero.)
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Fig.4. The relationship between the base sheet resistance and the applied

collector-base voltage.

357






