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Abstract

3D stacked ReRAM is difficult to realize because tbe
difficulties in bipolar selecting device and theckaof suitable
architecture to decode the 2-terminal device forBfy. In this study,
we report a novel self-rectifying W&\, ReRAM with good high
temperature data retention and read disturb immuR#&pid thermal
oxidation (RTO) of WSijforms the WS(O, layer as both the storage
node and a rectifying device with the p+ poly alede. The simple
process to achieve this self-rectifying devicewatiais to incorporate
it into a double-density 3D architecture that adaptegular MOSFET
for X-Y decoding. We estimate this device and aseghiure that can
easily provide operation margins for up to 16 layer3D ReRAM.

I. Introduction

Resistive memories attract much attention duestsiibple MIM
(Metal-Insulator-Metal) structure and promising labdity [1].
However, since NAND Flash can stack up verticalihwnany layers
2D ReRAM has little advantage in cost [2]. 3D stagkof ReRAM
turns out very challenging since (1) the lack abdibipolar selecting
device, and (2) the difficulty of decoding a 3Dagrrof 2-terminal
devices. In this work, we report a novel self-igatig device that can
be easily embedded in a 3D architecture using alaefMOSFET at
the bottom of the vertical string for X-Y decodif8j 4]. Furthermore,
our proposed new device/structure is not only stnapld readily made
with familiar CMOS materials and process but alsavjgle 2-bits/cell
density without MLC.

I. Novel Self-rectifying p+ Poly/WSi,O, Cell

I11. Proposed 3D p+ Poly/WSi,O, ReRAM Structure

Figure 8 shows the proposed 3D p+ poly/WSj ReRAM
structure [4]. In this new architecture the Wi device is in
horizontal direction, and a device is formed onheside of the poly
pillar, resulting in two devices per unit cell ar@ae WS;j layers are
patterned by lithography/etching and serve as hbth memory
elements (the oxidized ends) and the interconséutd except in the
small open areas the rest of the WShot oxidized) to memory cells.
The pillar electrode is formed by p+ poly that@nected to the drain
side of an access transistor, which controls aokhtiss 2N ReRAM
elements in the N-layer structure. Since the piy/pd$i,O, cell is
self-rectifying no other selecting device is neeftedhe cells on the
same pillar. Figure 9 shows a TEM picture for a 2-layer
WSi,O,-stacked device. It shows good uniformity of thdesvall
WSOy film for both top layer and bottom layer, andtitéckness is
about 40AFigure 10 shows the corresponding EDX analysis, which
approximately confirms the TEM observation.

1V. Read Margin Evaluation for 3D ReRAM

Even though the X-Y decoding is done by a MOSFE¥dtare
still other leakage paths within each Z plane, detlveen planes.
These need to be isolated by the self-rectifyingiate Figure 11
illustrates the proposed 1/3.\;scheme for a simple 2*2*3 array [5].
The selected pillar electrode is applied.yand the unselected pillar
electrodes are floating. The selected Z layerasigded and 1/3 Mg
is applied to all unselected Z layers. Thus allelexted devices in the
unselected pillar are reverse biased, and onlys#hected device is

Figure 1 shows the schematic process flow of a self-alignefprward biased. This allows the reading of thestesice state of the

WSi,O, ReRAM with a p+ poly electrode. The WS&inder the contact
hole is oxidized by low temperature 3&0rapid thermal oxidation
(RTO). An EDX image of such a device is showrkig. 2. Figure 3
shows the |-V curves and band diagrams for p+ §é8i/O, and n+

selected device.

Figure 12 illustrates the sneak leakage paths and how t re
margin is calculated. Each sneak path goes thrawghtypes of
memory cells, one reverse biased and one forwaskdi The reverse

poly/WSiO, respectively. Asymmetrical |-V characteristics arepjased cell blocks the leakage current. In the twcase, all adjacent

observed for both n+ poly and p+ poly electroded amy be
explained by simple metal-insulator-semiconductoMIS)
phenomena. However, only the p+ poly/\Mi cell maintains the
asymmetric |-V property after the forming processhown irFig. 4.
The forward current is used to set and reset thpgly/WSi,O, cell
and examine the cycling property.

Figure 5 shows the read I-V curves of the p+ poly/\Ggicell
after pulse cycling test for both SET and RESETtesta The
SET/RESET state can be distinguished in the forwardent mode
but is indistinguishable in the reverse current eyobdecause the
resistance of the reverse bias dominates. Thisastly the behavior
expected of a self-rectifying cell.

J-V curves at various temperatures of the p+ poSi/Q, cell
were measured to validate the conduction mechamsnshown in
Fig. 6, the In (3/F) vs. 1/kT behaviors are typical for barrier lowering
by the electric field in thermionic emission fortbahe RESET and
the SET states. The barrier heights for both th8IREand SET states
are similar, ~0.25eV. This suggests that the baomdy provides the
rectifying function, but the HRS and LRS still corfrem oxygen
vacancies that are electrochemical in nature, aost TMO ReRAM.

Figure 7 shows the thermal stability test of the p+ polyNZ5
cell. A 10X resistance window is well maintained afte®%® baking.

cells are at LRS and the DUT is at HRS, and the margins are
conservatively estimated using the worst-case sierfaigures 13
shows the calculated read margwish fixed resistance window of
10X for various numbers of 3D layers. As showifrig. 14, the read
disturb test using various read voltages (+0.6-@8n2 V for 1,000s)
reveals that both RESET and SET states are immaneead
disturbance. The self-rectification, SR £:3reversfRLRSforward 1S @
critical parameter that determines the effectivenafsblocking the
sneak leakage paths. With SR =°106 layers is possible for a
memory block of 1IMb as shown fig. 15.
V. Conclusion

A novel self-rectifying p+ poly/WSD, ReRAM device having
excellent performances such as good data reteatidrread disturb
immunity is successfully demonstrated. Further,réie margins for
various conditions in the 3D array are estimated.
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Fig4 After forward forming Fig.5 Read |-V curves for RESET Fig.6 In(J/T?) versus 1/KT curves ; ;

voltage (negative for n+ poly and SET. The self-rectifying property for the RESET and the SET states E—e%;%@?ggm t;ft a;é@mgge
stkﬁ ~and positive for p+ is well preserved after cycling. Both at various biasing voltages. The ReRAM ~ cell.  The resistance
poly. ,0,), symmetric |-V is RESET and SET show low leakage behaviors are well predicted by \

obtained for n+ poly/WSD,, but current under reverse bias. thermionic emission. window is well maintained after
asymmetric |-V is obtained for p+ 470 hours of baking.
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ReRAM and operation table. The pillar electrode thickness of Oxidation for both  Fig.11 The schematic of the read
. Fig.11
is p+ poly while the sidewall ReRAM is W8, bottom and top layers is 40A. operation for a (2*2*3) 3D array

WL and BL are used to select the transistor which
defines the X-Y coordinate of the pillar electrode.
ZL is used to define Z coordinate. Each cell
contains two devices.

The possible sneak leakage paths
during read operation are shown.
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Fig.12 Worst-case read margin. The  array size.
adjacent cells near the selected cell are
allin LRS.
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