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" The Naval Ocean Systems Center is involved in a collaborative effort with the Naval Weapons Center to implement neuromorphic
networks in analog integrated circuitry using CMOS technology. We are uWest ing the use of a floating-gate charge storage device as a
modifiable, non-volatile analog memory element for representing and storing inferconnection weighta between processing units, and have
designed a simple circuit to sense this charge and perform the multiplicative “synaptic” function.
~  We employ the mechanism of avalanche or hot-carrier injection to move charge onto a floating-gate structure. This mechanism was
first used in the mid-1970’s for digital memory applications in the “FAMOS” (floating gate avalanche injection MOS) device, which
consisted of a p-channel MOSFET with an isolated gate. At an appropriate biasing voltage, *hot® electrons are generated in avalanche
breakdown, which have sufficient energy to conduct across the gate oxide and charge the gate. In an n-channel device, a complementary
process takes place, with holes rather than electrons injected onto the floating gate. The potential due to the charge influences the state of
the transistor under the gate just as would an externally applied voltage. ..A/. e sy ‘. 5 At A
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The memory cell which we have fabricated consists of two eomplementary pairs of transistors sharing a common ﬂont‘mg gate. This g ¢
configuration allows us to store an analog weight value, which may be increased with holes injected by an n-channel writing device, and :
decreased with electrons from a p-channel device (charges are mobile and free to recombine because the gate is a conductor). It is possible
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to increment or decrement the value by very small amounts by pulsing the writing voltages. The floating gate is surrounded by
insulating silicon dioxide. This provides a very large energy barrier preventing charge leakage. From data reported in previous
studies, we predict that values may be stored on the order of years.

Although in digital memories the same transistor which injects charge also senses its presence on the gate, in our circuits the
gate is common to a second complementary pair of transistors, which perform the weighting function. These are depletion-mode
devices (i.e., conducting at zero gate-to-source bias). The circuit in which they are used performs an approximate, four-quadrant
multiplication, supplying an output current into virtual ground (as at the input node of a summing amplifier) which is roughly
proportional to the product of the gate potential relative to ground, and an input signal.

We discuss in further detail experimental results obtained from test FAMOS and multiplier circuits fabricated at NOSC, control
of the injection process and advantages and disadvantages of the FAMOS device, sources of error in the multiplier circuit, and the
integration of the weight circuitry into neuromorphic systems.
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