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Abstract

Reset failure and recovery of double-layer CBRAM
of Cu/Mo0O,/Al,O3 was investigated using in-situ TEM.
With Set/Reset (i.e. write/erase) operation, Cu was ac-
cumulated at the MoO,/Al,O; interface, and Cu drift
into ALLO; was limited. This limitation is effective to
recover the device from Reset failure, even when much
Cu drifts into MoO,. It was experimentally confirmed
that this is one of the advantages of the double layer
structure to achieve stable operations.

1. Introduction

ReRAM (resistive RAM) device of a solid electrolyte and
Cu called CBRAM (conductive bridging RAM) vyields
ReRAM switching, where the Sef/Reset operation giving
the high/low resistance state (HRS/LRS) is caused by for-
mation/rupture of Cu conductive filaments (CFs) [1-3]. For
stable use of CBRAM, devices composed of double insula-
tor layers have been widely investigated [4]. Regarding to
this type of CBRAM, we performed in-situ transmission
electron microscopy (TEM) on the MoO,/Al,O; and dis-
cussed the Cu movement and degradation [5]. In this report,
recovery from the Reset failure state will be under attention,
and the role of the Al,O5 layer will be discussed.

2. Experimental

The Cu/MoO,/Al,03/TiN ReRAM film was sputter de-
posited on SiO,/Si at room temperature (Fig. 1a). The sam-
ple film was processed into needle-shaped devices of which
the bottom electrode (BE) is common (Fig. 1b). An exam-
ple of the in-situ TEM sample is shown in Fig. 1c. Clear
layer stacking was confirmed. Fig. 2 is the experimental
system. A probe was contacted to the Pt cap layer deposited
by FIB, and measurements were done by applying voltage
to the top electrode (TE).

3. Result and Discussion

For initialization of the device, voltage sweeps (16 cy-
cles) were performed with increasing maximum voltage
from 1 to 2.85 V, and the resistance gradually decreased (ca.
50 to 1 MQ at 0.5V) while there were no clear ReRAM
switching. Afterwards, the operation started to appear.
Some examples of the /-V curves are shown in Fig. 3a.
While the Sef voltage scattered, it was less than the value of
the 1* cycle as widely reported. The cyclic endurance graph
is presented in Fig. 3b. The on/off ratio was about 10, and it
reduced gradually with cycles. Suddenly at the 10" cycle,

Reset giving the HRS was not realized (10™ to 13™ cycles).
After this Reset failure, three Reset cycles without applying
positive voltage were performed. The on/off ratio recovered
to be about 10 in the 14™ cycle.

TEM photographs picked up from the recorded video are
compared with the I-V curves in Figs. 5-7. The 1% cycle is
shown in Fig. 5. By the Set operation, a dark contrast ap-
peared near the right-bottom edge of the MoO, layer (bro-
ken circle). Cu came from the TE, and accumulated at the
Mo0O,/Al,O; interface. No clear contrast change in MoOy
was seen in Reset. A tiny CF contributing to operation is
expected in the Al,O; layer, as schematically shown in Fig.
8a. Until the 9™ cycle, relatively stable operation was iden-
tified, and there were no drastic change in the TEM images.
In the 10™ cycle, current reduction was seen at about +2 V.
The CF giving stable switching in the 1* to 9" cycles is
thought to be broken. Afterwards, a clear Set happened at
2.6 V, and Reset failure occurred (red curve in Fig. 6a). In
the corresponding TEM image, the lower edge of the Cu
TE became bright, and the overall region of the MoOy layer
was dark after Ser (Figs. 6b and 8b). On the other hand, the
contrast of the Al,O; layer did not show a drastic change
except the central part marked with the triangle. At this
position, the slightly dark region (CF) expanded after Set,
which must be the origin of the Reset failure. Afterwards,
three Reset operations (black curves in Fig. 6a) were per-
formed and the HRS was recovered. The CF in the TEM
image became slightly narrower while the Cu in the MoOy
layer did not show clear change (schematically drawn in
Fig. 8c). Much Cu diffused into MoO, remained in subse-
quent operations, but stable Set/Reset switching continued

(Fig. 7).

4. Summary and Conclusion

Cyclic switching of Cu/MoO,/AL,O5/TiN double layer
CBRAM was investigated using in-situ TEM. In the Set
process, Cu drifted from the TE to the MoO,/Al,O5 inter-
face and formed a deposit. A tiny CF contributing memory
operation is expected in Al,O3;. When accidental high pow-
er was injected, much amount of Cu was introduced in
MoO,, but it was stopped at the interface. Because of limi-
tation of Cu drift into Al,O3, device recovery could be done.
This must be caused by difference of degree of Cu solubil-
ity and mobility between MoO, and Al,Os. It was experi-
mentally confirmed using in-situ TEM that the insertion of
the second switching layer like Al,O; prevents needless Cu
drift and achieves stable ReRAM operation.
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Fig. 2 In-situ TEM experimental system. For
prevention of strong current overshoot at
electroforming and Set, MOSFETs are serial-
ly connected near the device.
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prirprobe  Fig. 1 (a) CBRAM composed of the double
switching layers; MoO, and Al,Os. (b, ¢) FIB
processed TEM sample. The cut to divide de-
vices is stopped at the middle of the BE, and
the current flows via the FIB deposited thick
W layer at the side of the TEM sample. Be-
cause of this structure, the parasitic resistance
at the BE/substrate interface is removed from
the current path.
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Fig. 3 (a) I-V switching curves obtained during in-situ TEM experiments. (b)
Corresponding cyclic endurance plots where cycles with Set failure are omit-
ted. The red filled circles and blue open circles denote HRS and LRS, respec-
tively. Data points with arrows are out of the scale.
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cycle. (b) Corresponding TEM

images. Contrast change of the CF
is identified at the right end of the

Fig. 7 I-V curve and TEM image of the 26th
Set/Reset cycle.

Fig. 8 Schematics of the CF, where Cu (or-
ange), MoO, (green), Al,O; (pink) and
TiN (grey) are stacked. (a) Typical CF

Fig. 5 (a) IV curve of the 1* Set/Reset Fig. 6 (a) I-V curve of the 10" Sei/ with Cu accumulation at the interface. (b,
Reset cycle and subsequent Reset ¢) Microstructure at Set and Reset when
cycles. (b) Corresponding TEM much Cu drifts in MoO,. While Cu
images. Expected filament is spreads widely in MoO,, Cu drift into
marked with the triangle. AlL,O; is limited and recovery is possible.

device (broken circle).
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