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A-5-3 A 256-b Nonvolati-le Static Randon-Access Menory

with MIVOS nemorl/ transistors
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ToshibaR&DCenter,

Tokyo Shibaura Electric Co., ltd. Kawasaki

fn spite of Lhe rapid progress of recent MOS RAMs (Randon Access Memories)

in operating speed, bit density anC power dissipation, no :rcnvcfatil-e RAM has

been developed which can be operated beyond a practical memory cycles.

Several stu,lies on th.e nonvolatile RAM have been reported, (1)(') b.., non,
1Z

has successfully operated beyond 10-' writing cycles 'because of the degra-

dati-on of memor;y transistors. (1) This paper presents a nonvof atile static

RAM vrith ]4N0S memory transistors, which is availarrl-e for such application

areas bv means of a new circuits configuration.

Nonvofatile memory ce1l in our memory consists of flip-f1op with MltOS

memory transistors as shown in I'ig. 1. MNOS transistors MTI , !vlT2 are

incorporated in series to Cepletion mod.e load transistors, and a switching

MOS transistor is connected in'paral-l-el to each MNOS transistor to obtain

the usual static nemory cell operation independent of IINOS transistors.

When the negative volt,age pulse is applied to the IVINOS gate (tqC) flne, the

information of the static memory cell- is written into the MNOS me'Ttory tran-

sistors. At l;he time of the power on, the read voltage pulse is applied to

the MG line and the information of the MNOS transistors is transfered to the

static menory cel-f. The positive vol-tage pulse is applied to the IvIG line to

erase the information of 1{N0S transistors. The typica} memory characterj.stics

of MNOS transistorane shown in Fig.2.

The block diagram of the developed 255-b nonvolatile RAM using these

nonvofatile memor.y cell-s is shcwn in Fig. 1. The word organization of this

RAM are 64 words X 4 bits. The meinory array is 16 X 15 memory natrix, whi-ch

is decoded into a 64 X 4 organization by X and Y decoder. Data co.rnmunication

is accomplished thro,,rgh the data circuits and control- circuits. The gate

electrcdes of MN03 transistors are connected to a comnon control signal MG l-ine.

This RAM operates as the usuaf static RAM under stable power supply. And it can

nnarql-.e eq tha nonyel_atlfe RAM by applying a control- signal to the MG line fron

the external circui-ts at the transient of the power supply. Since the number

of memory cycles of the MNOS transislors is the same as lhat of the power
tr

OFF/ON cycles, the MNOS nemory cycles over 10/ times ar-o considered sufficient
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for the usual application areas.

The devices in thls RAM are fabricated on one chip using F_channel silicon
gate E/D technology except for the AI gate MNOS transistors. A pattern nicro-
photograph of a fabricatect rc chip, 3.o x.7.6 rr2 1n size, is shown in Fig. 4.

rhe typical- characteristics of this RAM are : (a) access tine is {00 ns,
and cycle time rs f ts", (b) power dissipation is l-ess than 6OOnW in the nornal
static RAIvi mode, (") both inputs and outputs are TTf, conpati.ble except. for MG

signal' (d) the retention tlme of the stored data is more than L year. The

typlcal output waveform is shown 1n Fig. j.

The authors are grateful to Mr. M.Nakane for his helpful discussions and

M.Misuni and N.Tateshita for their help 1n the measuremenr.
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fig. I Circuit configuration of
the nonvolatite nemory ceII.

Fig. ,
Block diagram of

the 256-b nonvolatile
static RAM.

Fig- 4
A drcrophotograph

of nonvol-atile static
RAII fC chip.

2 The memory characteristics
of IttNOS transLstor.
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