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1. Introduction
MONOS (Metal Oxide Nitride Oxide Semiconductor)

nonvolatile semiconductor memory technology has lately
attracted considerable attention. The smart card micro-
controller incorporating a conventional Z-Trlbit MONOS
EEPROM (Electrically Erasable and Programmable
ROM) is rapidly expanding the markets for mobile
applicatiors. The MONOS transistor, with the silicon
nitride dielectric having discrete charge storage, has good
compatibility with advanced CMOS logrc technology, and

that very high reliability and yield. Then, the MONOS
ffansistor is said to be a very promising nonvolatile
memory tbr System on a Chip (SoC) technology.
Moreovero new type of MONOS rnemory with hot carrier
injection realizes higher density cell and higher speed
programming.

2. MONOS Nonvolatile Semiconductor Memory
C onv enti onsl Tunne I Pr o g r arnrnin g 2 -Tr/bit Typ e

Conventional MONOS memory devices are erased or
written by laterally uniform tunnel charge injection into the
silicon nitride layer. Fig. I shows ffansmission electron
micrograph of a MONOS device. We have derived
trapped electrons number n"=7xl0L8 cm-3 in the nitride
from mernory erase/write characteristics [1]. Therefore,
the average distance among trapped electrons du is
estimated as follows
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= 5.2 (nm) (1)
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The memory cell configuration is an integrated 2-Tr
type consisting of a MONOS memory transistor and a

select MOS transistor. We have rnanufactured large-scaled
highly reliable MONOS EEPROM products over the last
twenty years l2l. In particular, at the present time the
smart card microcontroller incorporated an embedded high
density 32I<B.164I<8 MONOS EEPROM is rapidly
increasing the markets for mobile applications. High-
speed erase/write (lms/lms respectively) and I million-
cycle endurance have been accomplished, as shown in Fig.
2. Technological breakthrough has been frnding out the
optimum thickness of the tunnel oxide. It might be said
that we have established the conventional MONOS
nonvolatile semiconductor memory technology. MONOS
memory devices are suitable for the applications of logic
embedded because their power consumption is lower than
those of using channel hot electron injection type.
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Fig. 2 MONO S retention characteristics aft er erase/write cycles.

Tunnel Programming l-Tr/bit Type

A very simple one-transistor-per-bit (l-Tr/bit) memory
cell has been developed [3]. This cell consists of only one

self-aligned MONOS memory ffansistor. This cell
features new bias conditions for selected and unselected
cells. Figures 3(b) and (c) show the cell array circuits and

the terminal voltages applied during erase, write and read,

respectively. A negative voltage against the soulce is
applied to the gates of unselected cells and the substrate
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Fig. 1 Transmission electron micrograph of a MONOS structure,
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common to all memory cells with the selected gates is kept
grounded. This bias condition prevents the current from
flowing tbrough unselected memory cells and the voltage

ffom being applied to the gate insulator during read
operations. The experimental and simulation results show

that this new cell has no reliability problems in operation if
its dimensions and structure are optimized. Although one

issue for realization of EEPROMs using this new cell
remains, that is, circuit design for high-speed operation

with on-chip generated high or negative voltage, this new
cell is very promising for full-featured high-density
EEPROMS.
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Fig. 3 1-Tr/bit type MONOS cell and operation

H ot- C arrier Pro grammtng 2 - bit/Tr Type

A novel single-transistor MONOS EEPROM device
NROM has been proposed t4l. The cell stores two
physically separated bits at both edges oh the MONOS
transistors. This memory is programmed by drain side

channel hot-electron injection (CFIE) and erased by hot
hole enhanced tunneling. By local hot carrier injection into
spatially discrete charge trapping centers in niuide films,
2bit multi-storage memory cell has been rcahzed.

The programming current of NROM is relatively high.

To improve progmmming efficiency, new 2-biVTr type

MONOS cell with assist gates has been proposed (Fig. a)

t5l. With source side injection, program current can be

reduced to less than 1 uA. Bvte erase function is also

possible.

Same promising ideas for utilizing an MONOS type

menrorJ device with local hot carier injection have been

proposed, such as above mentioned two examples and

others.
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Fig. 4 Source side injection type z-bitnr MONOS memory cell

Technology Comparison
Three MONOS memory cell technologies have been

compared in Table I. Conventioml Z-Trlbit MONOS is
suitable for the smart card application or embedded data

memory. }-Trlbit MONOS is rather for the flash memory
application or embedded program memory. l-Tr/bit
MONOS is moderate solution.

Table I Cell technolo

Parameter 2-Tr/bit (-Tr/bit 2-bitlTr
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Bit size

Min. erase unit

Endurance

Program time

kogram current

Erase time

Erase current

Read-out current

4F
Byte

104

lus
0.1 uA

l0 m.s

1pA
10 uA

3. Conclusions
We have manufactured large-scaled highly reliable

MONOS EEPROM products for the past twenty years.

As a result, it might be said that Hitachi has established the

conventional MONOS nonvolatile s emiconductor memory
technology. We are convinced that MONOS technology
will continue to advance into mobile application areas as

one of the most promising nonvolatile memory devices.

References

tU S. Minami and Y. Kamigaki, IEEE Trans. Electron
Decices, 38, 2519 (1991)

t2l S. Minami and Y. Karnigaki, TCICE Trans. 884-C,
7r3 (200r)

t3l Y. Yatsuda et a1., Japanese Patent 1876108 (1983)

t4l B. Eitan et al., ExtendedAbstracts of the 1999

Internationttl Conference on Solid State Devices and
Materials (1999) p. 522.

t5l Y. Kamigaki et al., Patent pending

20P
Byte

106

lms
1pA
I rns

1pA
15 uA

1f'f,2

Byte

106

I rns

lpA
1 rns

1pA
10 uA

l6l


