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Abstract

We present a new method for fabricating multi-
layer single-electronic circuits with vias, crossings
and reduced cross-capacitances. A single electron
transistor (SET) was fabricated with this method
and successfully operated. Its intrinsic charge noise,
3x10* e/v/Hz at 10 Hz, matches that of other
SETs.

Introduction

When single electron devices are fabricated us-
ing a single lithography step, the electrostatic cou-
pling takes place through coplanar capacitors which
are weak, subject to cross-talk and not compatible
with a general network topology. These drawbacks
have motivated the fabrication of multilayered cir-
cuits with overlapping capacitors [1]. Moreover, im-
plementing with only two conductive layers all the
features of a three dimensional network (composed
of tunnel junctions and capacitances), necessitates
an insulating spacer pierced in some points for con-
nections (i.e. vias).

We present here a method for fabricating single
electronic devices enabling crossings and vias. In
our process, insulating layers are made of polyimide
films.

Fabrication

In the first step, we perform an optical lithog-
raphy of the connecting circuitry and of the gate
electrodes. In our case, we evaporate 50nm of gold
onto an oxidized silicon wafer.

In a second step, we spin a polyimide resist
over the sample. Its final thickness after a 1 hour
vacuum hardbake at 350°C is 0.4um. We then
open by reactive ion etching 1um? large windows
through the resist, thus uncovering the connecting
leads. The etching parameters are chosen in order
to obtain smooth enough window edges thereby en-
abling electrical continuity when the upper layer is
evaporated.

The third step is a standard (MAA/PMMA bi-
layer) electron-beam lithography of the tunnel junc-
tions defining the core of the device. This step re-
quires an alignment with 0.1xm accuracy before ex-
posure to ensure a correct positioning of the con-
tacts and of the islands between junctions with re-

spect to the windows and the buried gates. Fi-
nally, 0.1x0.1zm? Al/A10, /Al tunnel junctions are
fabricated by evaporation at two angles through a
shadow mask (see Fig. 1).

Figure 1: Scanning electron micrograph of a typ-
ical sample. The bright fingers are gold leads and
gates under the polyimide film. Windows through
the polyimide appear as circular black holes. Junc-
tions and parts of the island lie over the two gates.
The device consists of an electrometer (bottom
right) which measures by its long thin strip shaped
island the charge of an electron box (upper left).

Noise characterization

We have tested our process by fabricating and
operating a single electron transistor (Fig. 1). This
device is known to be the most sensitive electrom-
eter [2] (see Fig. 2). Any variation in the electro-
static field near the island of the electrometer due
to the motion of charges in the lower layers [3,4], in-
duces a polarization charge qy, the so-called charge
noise of the electrometer. The noise q, determines
the detection limit of the electrometer. Therefore, a
question about our new device arises : Is an organic
film such as the polyimide a sufficiently ” quiet” sub-
strate for single electronics ?

To answer this question, we have measured the
noise power spectrum of the electrometer designed
to measure the charge in an electron box. Noise
measurements were made in a dilution refrigerator
at 20mK at a constant current bias I, maximiz-
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Figure 2: Schematic diagram of a SET electrome-
ter. For a given gate voltage V4, the output voltage
V is a periodic function of the input charge q;. The
sensitivity 9V/0q depends on both V, and the cur-
rent bias I;,. The detection limit is determined by
the superimposed input charge noise q,.

ing the sensitivity 0V /dq of the electrometer. Each
line connecting the device to the apparatus at room
temperature was carefully filtered using miniature
cryogenic filters [5]. Since we wanted to character-
ize the low frequency part of the noise we had to
reject the 1/f noise generated by the amplifiers. Us-
ing a lock-in technique, the charge noise was shifted
to higher frequencies at which the amplifier noise is
orders of magnitude lower.
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Figure 3: Noise spectral densities of the SET elec-
trometer. a) noise at zero sensitivity : it includes
noise of the whole setup. b) Charge noise at maxi-
mum sensitivity.

The charge noise power spectrum S, shown on
Fig. 3 displays a 1/f dependence. This is in agree-
ment with the fact that the noise is generated by
a collection of charge traps in the substrate, each
trap emitting a telegraphic noise with distributed
switching times [6].

The noise level at 10Hz is equal to
3x10~%e/vHz. Despite the large area of the
electrometer island (10 x 0.1um?), this value is of

the same order of magnitude as those currently
reported for electrometers fabricated on various
kinds of inorganic substrates.

In conclusion, we have developed a new
method for fabricating multilayer single electron de-
vices enabling full 3D features without increasing
the noise level. It enables the fabrication of more
complex circuits such as Cooper pair pump arrays.
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