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Previously we reported about 256-bit and 1K-bit P-channel nonvolatile
semiconductor read write RAM (1)(2), by introducing the nonvolatile static RAM
cell as shown in Fig.1(a). This type of RAM is featured by highly reliable
nonvolatile RAM operation, but there still remain several problems such as, low
bit density, and requirement of 2 kinds of power supplies (+45V,-15V).

The purpose of this paper is to propose an improved nonvolatile static RAM
with higher bit density, and higher speed with only single 5V power supply.

We introduce a new nonvolatile RAM cell as shown in Fig.1l(b). This memory
cell consists of N-channel MOS flip-flop clrcuit constructed by 6 MOS transis-
tors and a pair of N-channel MNOS capacitors MC1l and MC2, each of which is
connected to one of the bistable nodes Q and Q. The schematic structure of the
N-channel MNOS capacitor is shown in Fig.2. This MNOS capacitor can be operated
as the variable threshold switching capacitor as shown in Fig.3, which switches
at an threshold voltage of ei;gr Vv
applied voltage. *

or V depending upon the previously

THO TH1

Memory operations of this new cell are as follows: Under stable power
supply, this cell can be operated as the conventional MOS static memory cell
with high speed. The nonvolatile memory operation ecan be attained by applying
the erasing and writing voltage pulse to the MNOS gate signal line MG. By the
erasing pulse, both threshold voltages of paired MNOS capacitors shift to the
low level VTHD' And when the writing pulse is applied, one of the MNOS capaci-
tors whose source voltage is at the VSS level changes its threshold voltage to
the high level VTHl' On the other hand, the other maintains its low threshold
state VTHO because of large inhibiting voltage self-generated at the floating
node by bootstrapping effect through the MNOS capacitor. By applying a read
pulse signal to the MG line, the information of the paired MNOS capacitors in
the form of threshold difference is retrieved into the flip-flop circuit through
the capacitive sharing mechanism between the MNOS capacitors and the stray
capacitors at the nodes.

A 16-bit fully decoded nonvolatile static RAM IC were designed and fabri-
cated utilizing a combination of N-channel Si-gate MOS technology and N-channel
Al-gate MNOS technology to verify the performance of the new cells experimen-
tally. The microphotograph of the chip is shown in Fig.l4. Typical MNOS read
margin characteristics versus MNOS writing voltage are shown in Fig.5. Fig.6
shows typical memory retention characteristics of the N-channel MNOS structure
at room temperature.

Consequently, basing upon this technology, the estimated cell area should
be as small as ZOOO}Jm2 using 3-4um design rule which is almost 1/6 of the
previous cell area, therefore we will be able to realize nonvolatile static RAM
of UK-bit or beyond, which operates with the access time of less than 100ns
under a single 5V power supply except for MG signal, and whose retention time
shall be more than 1 year at room temperature.
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Fig.1l Circuit configuration of memory cells.
(a) prior circuit (b) new circuit

Cu
Cov
i i !
. i H ] = B/ oW ] VTHD VTHI Ve (V)
Fig.4 Microphotograph of 16-bit nonvolatile Fig.3 Schyatiec switching
static RAM IC chip. characteristics of MNOS
capaciltor.
5 e o MNOS Copocifow Size |
ty=ImS o—0 BXI0pm
W Ve o0 GX14um Writing Erasing
olo .I"J_L"'Vm. R 8f Pulse :ImS
el Ve bl <. Vollage: 30V ¢
an: g|- Erase B ey 4. 6 .\'ﬂ? t26: ®
= Ve =-30V 7,,5/ “— VpL mox > \'\ Ta :25°C
o tg=ImS i F o *
g ° ;!'76 ) :;'J' 5 c__—°—'_°“_—-o—-_.___ \\"‘-‘--...
£ Vi 5 of e
=
3 4 ?ﬁ Vi min,— y -
o < 0 1 i 1 1 1 1 1
2} /4 B 1% o 0¥ 10® 10* 105 10° 107
g e £ =2b Time (sec)
ol g Erase & 00
Al 1 1 1 i -4} 0 o___..__-——l—'__'_' »
20 25 30 35 40 —e—*
-6

MNOS Write Vollage Vi (V)

Fig.5 Typical MNOS read margin of

Fig.6 Typical memory retention characteristics
nonvolatile static RAM.

of MNOS structure.
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