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Amorphous semiconductors Part |

Nonvolatile and reprogramable,
the read-mostly memory is here

Integrated arrays combine amorphous and crystalline technologies;
new memories could help realize promise of microprograming

By R. G. Neale and D. L. Nelson, Energy Conversion Devices Inc., Troy, Mich.

Gordon E. Moore, Intel Corp., Mountain View, Calit.

[] Both the read-only and random access varieties of
semiconductor memories leave something to be desired
in many applications. RAMs’ volatility allows data
stored to disappear if power fails. On the other
hand, ROMs’ inflexibility commits them to data that
cannot be changed.

A new kind of integrated circuit, the “read-mostly
memory,” avoids these problems. An integrated array
of amorphous and crystalline semiconductor devices
available in sample quantities, the RMM can be pro-
gramed, read, and reprogramed repeatedly. And once
programed, the RMM retains data unless it’s inten-
tionally altered. The RMM, therefore, doesn’t need the
data storage on card, tape, or disk required to back up
a RAM if power fails. And the same RMM can be used
even if the program must be changed; there’s no need
for the time-consuming and expensive process of
making new masks and fabricating a new IC, nor
is it necessary to substitute an electrically program-
able but fixed type circuit.

Microprograming—a computer technique in which
a programer can at will change an operational code
or sequence—probably will emerge as the most
important application for these devices. The great
promise of the microprograming concept has yet to
be fully realized—even though the idea originated
almost 20 years ago—because of the difficulty and
cost of changing the contents of microprogram stores
with available memory devices.

Several fertile areas exist where the read-mostly
memory’s special property of electrically alterable,
nonvolatile data storage could be usefully applied:
) Airborne computers, which often require a dif-
ferent set of data for a particular mission or opera-
tional situation.

p Industrial control systems, in which “canned cycles”
—stored instructions—must occasionally be altered for
new tooling, instrumentation, or-test procedures.

) General purpose computers in which, even though
storage of fixed data is required, it is still desirable
to make changes in the data during the design
phase.

Physically, the new 256-bit RMM’s organization is
a 16-by-16 matrix of amorphous semiconductor cells,
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which must be isolated from each other by integrated
silicon p-n junction diodes, as shown on opposite page,
to prevent spurious paths in the array. The 122-by-
131-mil chip size gives a packing density comparable
to that of bipolar or MOS techniques, and should
improve with fabricating experience. The chip is
enclosed in a 40-lead ceramic dual in-line package.

Each cell in the memory consists of an Ovonic
amorphous semiconductor device and an isolating
diode in series on a silicon substrate, as shown
opposite. The Ovonic structure itself consists of a
film of amorphous semiconductor material between
two molybdenum electrodes. Many such cells—series
combinations of Ovonic devices and silicon diodes—
are arrayed over the silicon chip, with each cell
addressable by an x-y grid, as shown on opposite
page, below. The cell behaves like a nonvolatile bist-
able resistor with an on-to-off resistance ratio of about
108

Without the series diodes, a few adjacent Ovonic
devices in the on (low resistance) state might make
the Ovonic device being interrogated appear to be
on when it’s really off. The resistance of the adjacent
on cells would shunt the off resistance. With the
diodes, however, the back resistance of the diodes
added to the on resistance of the adjacent cells
prevents this ambiguity.

Despite some superficial resemblances, the amor-
phous semiconductor memory is quite a different
animal from the electrically alterable, fusable type of
memory recently introduced by such companies as
Radiation Inc., Motorola Semiconductor, and the
Solid State Scientific Corp. Although both types can
be programed in the same way, the fusable type’s
program can’t be changed, whereas the amorphous
semiconductor RMM can be reprogramed repeatedly.

Changing the memory cell from a high-resistance
(disordered) to a low-resistance (ordered) state and
vice versa—that is, programing—is done by applying
a pulse of a certain voltage, current, and duration.
The cell can then be interrogated, or read, without
changing its state by applying a constant current and
measuring the voltage to determine whether the
Ovonic device is in its high or low resistance state.
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What defines a set or a reset pulse is not so much
its energy as its energy-time profile. Thus, the SET,
RESET, and READ operations for the 256-bit memory
array require significantly different drive conditions,
with voltages varying from a few volts to 25 Vv, cur-
rents from a few milliamperes to over 100 mA, and
pulse widths from nanoseconds to milliseconds.

Typical configurations for SET, RESET, and READ
driving are shown on the next page. Preparatory to a
SET operation, the critical voltage of the Ovonic mem-
ory must first be exceeded and a current of several
milliamperes must flow for several milliseconds to en-
sure stable conversion to the low resistance state. This
action is accomplished by bringing a selected y line
(connected to the cathode of the memory cell to be
set) to ground through a saturated transistor. Simul-
taneously holding all other y lines at 25 V (the inhibit
voltage) reverse biases the other diodes and thus iso-
lates the memory cells. At the same time, a selected x
line (connected to the anode of the memory cell to be
programed) is driven by a 5 mA constant current
source at 25 V to insure that the amorphous semi-
conductor is in the ordered state. The drive voltage,
however, must not be allowed to increase above
25 V, since a breakdown of the isolation diodes
might result.

In the RESET operation, the procedure is ‘similar
except that the current source is increased to 200 mA
and the pulse width is reduced to 5 us. As with the
SET operation, the voltage is limited to 25 V.

To read a cell it’s merely necessary to apply a
fixed current to the cell and measure the voltage
drop. A low voltage indicates an on (or SET) cell,
and a high voltage indicates an off (RESET) cell.

The circuitry for the READ operation must identify
the SET and RESET states of a cell quickly. A typical
READ condition is a 2.5 mA constant current applied to
the selected x line and a grounded y line. The READ
output voltage will then be less than 3 V for a SET
memory cell, 5 V for a RESET cell. ’

The memory cell array’s line capacitance and the
storage time of the isolation diode determine read-
ing speed. For fast reading, the large capacitance
of the y line should be driven by a low-impedance
source. The small capacitance of the x line should
be driven by a constant current source to forestall
excess . current through the amorphous memory
switch. Such conditions could produce an array access
time of about 65 ns. However, the access time for the
system would be somewhat longer because of the
propagation time of the decoder and driver circuitry.

Of course, the drive circuitry will vary with the
particular system. Some applications may not re-
quire SET or RESET circuits in the system itself; pro-
graming would then be done by external equipment.
Also, dropping the 25 V requirement for setting
makes the READ circuit relatively easy to implement.

The simplicity and cost of the READ circuit depends

Array. The isolating diodes and Ovonic switches
are connected in series across an x- and y-address line.
The RMM consists of 256 such combinations.
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Winning combination. Each read-mostly memory

cell contains a thin-film of amorphous semiconductor
material deposited on a single-crystal silicon
substrate in series with a silicon diode. The

metal stripes—the x-address lines—connect the
doughnut-shaped Ovonic switches. Running
perpendicular to the stripes the y-address lines buried
in the silicon connect the figure-eight-shaped silicon
diodes. The diagram at top details the cross

section of a complete memory cell.
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