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lon or plastic partitions, or on tips of glass pipettes. How- 
ever, unsatisfactory stability and reproducibility of these 
BLMs not only hampered the research in ion channel 
characterization but also prevented the realization of a 
practical BLM-based biosensor for routine applications 
[l]. It is known that the shape and physical dimensions 
of the aperture effect the stability of the BLM [2]. In this 
work, silicon micromachining is used to fabricate repro- 
ducible miniature apertures over photosensitive poly imide 
(PPI) layers (septa), with highly controllable dimensions. 
PPI, having a high level of planarization, chemical inert- 
ness, a low dielectric constant and good mechanical 
strength, is a very suitable material to be used as BLM 
septa. Apertures, of - 5  pm thickness and -40 pm di- 
ameter in PPI septa suspended over thick silicon rims were 
realized. Fabrication process includes double-side oxide 
growth on the wafer, spin-coating the PPI and its pattern- 
ing, back surface anisotropic window etching, and a final 
cleaning step. Apertures with high circular symmetry were 
fabricated using the above process. BLM is formed by 
dropping a small amount of phospholipid-alkane solution 
over the PPI aperture. Initially few pms thick membrane, 
spontaneously thins down to an - 50 A thick BLM. Spe- 
cific capacitance measurements of these BLM’s revealed 
stability of upto 50 hours. Successful incorporation of 
Alamethicin channel and AChR activities into these mem- 
branes, further proves their bilayer nature. To our knowl- 
edge, this is the first study of its kind that reports a very 
stable BLM formation on a silicon-based device and sub- 
sequent ion channel incorporation. Since the process pre- 
sented here is totally compatible with a standard CMOS 
technology, PPI septa can be used in a future class of 
miniature BLM-based biosensor with on-chip measure- 
ment and processing circuitry. 
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We demonstrate for the first time the regrowth and 
monolithic integration of heterostructure LED’s on fully 
processed VLSI GaAs MESFETs . Commercially avail- 
able, self-aligned VLSI GaAs MESFET’s, with tungsten- 
based refractory-metal Schottky gates, nickel-based re- 
fractory-metal ohmic contacts, and aluminum intercon- 

nection metallization, have been shown to be stable after 
3 h at 525°C & 10”C4? Thus, it is now possible to re- 
grow optical sources on fully processed MESFET cir- 
cuitry with lowered-temperature molecular beam epitaxy 
(MBE). This allows one to build high density, complex 
electronic circuitry with optical inputs and optical out- 
puts. Such optoelectronic circuits are useful for high speed 
optical communications, optical computing, or smart pix- 
els. 

Our specific circuit application is for optoelectronic 
neuron arrays in optical neural networks. Each neuron cir- 
cuit has two photodetectors to receive the optical inputs, 
electronic circuits to perform a nonlinear thresholding 
function on the photocurrent and a LED to transmit the 
output of the neuron. A typical optical neural network has 
neuron densities of 1 X lo4 neurons/cm2. This puts strin- 
gent requirements on the power dissipation and uniform- 
ity of the circuit, but these requirements can be met with 
an industrial fabrication process [6]. 

Each branch of the circuit accepts two optical inputs, 
Zl and Z2. If Zl equals Z2 then the gate voltages of both 
MESFETs are Vd/2 which turns both transistors off. The 
current sinking transistor draws its current entirely from 
the LED. If I ,  or Z2 are not equal, then the gate voltage 
on one of the two MESFET’s will be high (V,) turning 
the transistor on and thus shorting the LED. Therefore, 
the LED is only turned on when I, 5: Z2. The photodetec- 
tors are enhancement mode MESFET’s with the gate con- 
nected to the source. These optical FETs provide the non- 
linear IV characteristics required. 

The electronic circuit was designed and fabricated 
through MOSIS using Vitesse Semiconductor Corpora- 
tion’s HGaAs2 process. Half of the chip was left blank 
for the LED regrowth. The fabricated chip was electri- 
cally tested and then the dielectric stack covering the blank 
area was removed using HF. A superlattice was grown to 
impede the propagation of defects from the semi-insulat- 
ing substrate. The LED structure consists of double het- 
erostructure nAlGaAs /iGaAs /pAlGas layers. The total 
growth time was nearly 4 h at the lowered growth tem- 
perature of 530°C. The polycrystalline GaAs that covers 
the portion of the chip where the circuits are, was re- 
moved by masking off the crystalline GaAs with photore- 
sist and then etching with a phosphoric etchant. The LED 
was fabricated and connected to the circuit after the re- 
growth. 

The circuits were tested electrically after the growth and 
their performance was compared to the original circuit. 
The DFET saturation voltage is the same, whereas the 
saturation current has decreased by approximately 10 % , 
and the source-to-drain resistance has increased by 40 % . 
The peak photoluminescence (PL) of the epitaxial mate- 
rial was 10% less than the PL of a control blank wafer 
that was grown at the same time. LEDs fabricated on the 
chip and the control wafer had comparable efficiencies and 
the desired nonlinear optoelectronic thresholding function 
has been achieved. Thus, we have demonstrated for the 
first time an extremely attractive regrowth technology for 
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high density optoelectronic circuits which takes full ad- 
vantage of commercial VLSI GaAs MESFETs. 
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Crystallinity of GaAs epilayers on Si has shown a great 
improvement owing to the 2-step growth technique [ 11 and 
many devices fabricated on the GaAs/Si substrates have 
been reported. However, there still exist several problems 
due to the nature of the substrate for submicron devices. 
The most serious is a strong residual stress of about lo9 
dyn/cm2 between GaAs and Si, which induces piezoelec- 
tric charges and causes a large shift of threshold voltage 
of a few hundred mV for submicron gate GaAs MES- 
FET’s. We have solved this problem by introducing 
p-layer (C’: 140 keV) burried under the n-type channel 
(Si’: 20 keV) in the n+ self-alignment technique with re- 
fractory W-A1 gate 121. The device fabricated with a 0.3 
pm-gate showed good saturation characteristics and high 
transconductance of 498 mS/mm, of which value is only 
4% smaller than that of a control device on a GaAs sub- 
strate. These results indicates that the crystallinity of the 
GaAs epilayer such as the electron mobility is good 
enough for the high speed device application. 

Then, uniformity becomes the next requirement for the 
large scale integration. We evaluated, for the first time, 
the microscopic uniformity of the device on GaAs/Si 
using 60 pm x 60 pm-pitch FET arrays, and found that 
it is remarkably improved by introducing the p-layer. The 
standard deviation of the threshold voltage for 900 FET’s 
(with p-layer) within an area of 3.6 X 0.9 mm2 was as 
small as 20.3 mV, which is about a half of that for the 
control device (without p-layer). 

Finally, to evaluate the dynamic characteristics, we 
fabricated a direct-coupled FET logic (DCFL) ring oscil- 
lator using the 0.3 pm-gate MESFET on the GaAs/Si 
substrate. As a result, the propagation delay was as small 
as 19.9 ps/gate at a supply voltage of 2 V. We also fab- 
ricated an 1 /2  frequency divider. The circuit, designed 
by the memory-cell type flip-flop (MCFF) [3], showed a 
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stable operation up to 10 GHz, which is the highest speed 
ever reported for GaAs / Si devices. 

In summary, we optimized the device structure to sup- 
press the short channel effect due to the residual stress in 
GaAs /Si substrates and improved the microscopic uni- 
formity, then successfully fabricated a high speed digital 
circuit. From the results obtained we have proved that the 
technology of GaAs /Si can provide large and high-qual- 
ity substrates for high speed large scale integration. 
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We report the first fabrication of active semiconductor 
and high temperature superconducting (HTS) devices on 
the same substrate. Complementary Metal-Oxide-Semi- 
conductor (CMOS) transistors were fabricated on the same 
sapphire substrate as either YBCO flux-flow transistors 
(FFT’s) or YBCO superconducting quantum interference 
devices (SQUID’S). All devices functioned as expected at 
77 K without degradation, demonstrating that a compati- 
ble process has been found to monolithically integrate ad- 
jacent CMOS and HTS devices. 

In the seven years since the discovery of high-temper- 
ature superconductivity, the field of superconductive elec- 
tronics has undergone explosive development. Due to dif- 
ficulties in growing films directly on silicon, copper and 
oxygen contamination of the silicon layers during growth, 
and the high temperature environments seen in HTS 
growth, it has not been fully integrated with semiconduc- 
tor based technology. Research has been focused on the 
use of superconducting interconnects between integrated 
circuits, which could lower chip power dissipation, re- 
duce necessary interconnect width and pitch, and reduce 
dispersive loss. Several attempts have been made to fab- 
ricate HTS circuits or devices directly on Si or other semi- 
conductor surfaces [ 11, 121; these layers were of low qual- 
ity and were stress limited, and no devices were fabricated 
in the layers. 

CMOS thin-film silicon on sapphire (SOS) devices uti- 
lizing improved silicon films have achieved performance 
equal to or better than bulk CMOS devices 131. For low 
temperature, low power operation, CMOS SOS has a 
number of advantages over other silicon technologies [4]. 
Additionally, one of the best substrates for growth of 
YBCO layers for superconducting devices is sapphire. 

Fabrication of the thin-film SOS CMOS on sapphire was 
performed first. Further details relating to the CMOS pro- 
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