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A Dual-Gate Memory Cell with Two Inter-poly Oxides
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1' Introductlon Veg=Vop_er Ves=Vop_er Veg=Vep_wr V=0V
This paper presents a new memory concept with
dual-gate and two different inter-poly oxides. Thisw
application allows a high density EEPROM memory and
cell programming only with the dual-gate withougiibias
on drain or source. On a previous work [1], a dyste
structure was used to perform the memory operation
without select transistor which allows, compared to
standard EEPROM, to shrink the cell and to imprase Vi:,,,, Vﬁzw
lifetime [2-3]. Moreover, without high drain potémit  Fig.2 Erase (on left side) and Write (on right 3idperations.
during writing operation, we eliminate leakage eatrdue

v=ov Vp=0V

to Band To Band Tunneling (BTBT) and also its holels In read mode, ¥ source (¥ and bulk (\4) are
injection generated through the tunnel oxide whaEn  grounded, a constant potential is applied on dfdi) and
degrade cell reliability [4-5]. we read the drain curreng versus s The cell memory
matrix is described on Fig.3. Table | resumes ftiffereént
2. The dual-gate with two inter-poly oxides memory potentials to program cell A without programming tither
concept cells.
The memory cell concept is to use two different svay BLI BL2
of charge injection during erasing and writing @iems hE Voo

due to dual-gate. A schematic cross-section ofribig cell
is shown in Fig.1. A
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Fig.3 Memory matrix.

Table | Summary for memory operations.

Fig.1 A schematic cross-section of the new traosist Cell B and C are unselected.
) . ) Electrodes  Writecell A Erasecell A Read cell A

Above the floating gate, the second poly-silicoyelais Veor 10V 12V 0
used for the two gates. The control gatedMs separated Ve 0 0 0
from the floating gate by 6nm inter-poly oxide wbas Veor 0 12V Vread
select gate (Yg) is separated by 15nm ONO inter-poly Ve 0 0 Voff=- 4V
isolation. The first oxide level is composed witinttunnel Vo, 0 0 0.8V
oxide (<10nm) upper the drain area and a thick exid Voy 10V av 0

(20nm).. The cell is programmeq by Fowler-Nordheim The memory matrix must be written by word and edase
mechanisms. For erasing operation, we applied & hig py hit in order to control correctly the memoryasyr If we
signal on \&g and Vs in order to inject electrons into the  program the array by bit, in write mode we havéntabit
floating gate (Fig.2 on the left). For writing opéon, we  the cells on the same word line by applying a fggtential

applied a high signal oncé to remove electrons from the on the bit lines (Table I) and so we induce an edee
floating gate to the control gate (Fig.2 on thétjg stress.
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3. Electrical results
Static results

The electrical results provides from a 0.67um3 cel
prototype designed in a 0.13um technology (Fig.4).
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Fig.4 XSEM of this new memory cell.

Static electrical results are presented in Fig.bese
results are compared to compact model simulations.
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Fig.5 Static §-Vsg characteristic for different 3 polarizations
(measures compared with compact simulations).

In static mode, we apply a constant potential @g, ¥
control "virtually" the value of the threshold vadte (M),
and we measure drain current versusg Yotential. Fig.5
shows bs (Vsg) current measurement and simulation for
several \.g potentials. A variation of 2V on the fix
potential \tg produces a shift of 3.5V on ¥ of the
transistor. The same operation with applying thastant
potential on \4g shows the impact of the two gates on the
coupling ratio. These static electrical resultsigrio light a
particular functionality of the cell which is thegsibility to
adjust the threshold voltagery of the transistor. We can
notice on Fig.5 a good correlation between thetetat
compact model simulations and electrical measures.

Dynamic results

—A— Erase with Vpp=12V (measures) —— Compact simulation
5 —o— Write with Vpp=9.8V (measures) —— Compact simulation
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Fig.6 -V g characteristics depicting the programming window.
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Fig.7 Vry variation versus programming potentials (readust)1

Fig.7 resumes ¥, variation in function of the applied
potentials for programming the cell. The read ctiods
must be control in order to eliminate possible rdadurb
of the cell. According to Fig.7, this 0.67um?2 dedls a good
functionality with programming potentials closethmse of
standard EEPROM but with a smaller cell area. Moeeo
the programming mechanisms used two different veays
we can suppose decreasing the oxides degradation.

4. Conclusions

In conclusion, the dual-gate cell with two intelypo
oxides allows a high density of integration complate
standard EEPROM. A first 0.67um? cell prototypevgb@
good functionality with a programming window of 4%y
applying only high potentials on the two gates limimate
BTBT due to drain bias. Compared to STMicroeledatrsen
standard EEPROM, the cell size is reduced by 48%.
Moreover the new cell has two ways of charge inpest
(through the tunnel oxide and the inter-poly oximween
floating gate and control gate) contrary to staddar

With a 12V erase pulse and a 9.8V write pulse, theEEPROM which is programmed only through the tunnel

programming window at 1pA is about 4V (Fig.6). The
write efficiency can be increased by applying aditohal
negative potential on 34 The difference between
measures and simulations in the subthreshold regien
due to the interface traps which are not yet inelid the
compact model.
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oxide. Thus we should attenuate tunnel oxide dediaml
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