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ABSTRACT

In this paper, we report on the properties of Gbdged phase change materials. Stoechiometric isasatanging
from 30 to 70 at% Ge show that the best programmiragacteristics in terms of set speed and setstdes stability
are obtained close to the 50/50 composition. Medewteset current reduction and improved retengicoperties are
obtained in the Te-rich domain. Our study furthewwgs that additions in the extent of a few perceft®l or C in the
stoechiometric compound &@&eso allow improving the amorphous phase stability. M/hihe programming
characteristics of the devices are unchanged whtdm@ N, addition of C leads to a lower reset auirfgut also a
decreased set speed.
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1. INTRODUCTION

Phase Change Memory (PCM) is one of the most promisbncepts for the future generations of Non \lelat
Memories. Several decades focused on technolodgzeadlopments have led to the set-up of highly cditiype PCM
demonstrators [1, 2]. Extensive work is nowadaydopmed on the Phase Change Materials to optirtizecell
properties for specific applications. In particuléor the embedded memory market, it is desirableetuce the
writing current while automotive applications reguéenhancing the high temperature data retentiothi$ paper, we
propose an extensive study of GeTe-based phasgehaaterials and memory cells, based on resultdaqusy
reported [3-12]. The effects of stoechiometric &aons Ggle;., and N or C addition have been considered. The
crystallization temperature and activation eneigyctystallization of the materials have been eat&d from optical
reflectivity or electrical resistivity measuremerdn thin films deposited by RF sputtering. The ciee of the
materials has been identified with XRD and Ramaaratterization. As for the memory cell characteiirg the
reset current, set speed, and data retention piepéave been evaluated on simple pillar typestesi

2. Effect of stoechiometric variations GeTe,

The first part of our study is devoted to the chemazation of GgTe, materials and memory cells, ranging from 30 to
70 at% Ge. The optical reflectivity and electrigasistivity measurement versus temperature show itina
crystallisation temperature and activation energy €rystallisation reaches a minimum around theGgy
stoechiometric composition. XRD characterisatioreverl that the Ggless compound crystallises in the
rhombohedric phase, this phase appearing togetitterepectively cubic Ge and hexagonal Te when diygafrom
the stoechiometric composition toward the Ge-richTe-rich domain. We show that this phase separaiso
accompanied by an instability of the set/reseestédr the Ge-rich compositions, which are hereaifté¢ suitable for
PCM applications. In the Te-rich domain and in agnent with the resistivity measurement, the prognarg curves
measured on basic memory cell show thajyG®, composition exhibits the highest resistance windogether with
a decrease in reset current of about 25%. Howéwverset-reset programming curve also shows thaictinhposition
corresponds to the lowest Set speed. Retentionuraasnts confirm that the g&eso composition has the lowest
thermal stability while GgTe; can achieve a fail temperature after 10years @*@2Endurance up to i@as been



demonstrated for all Te-rich composition, morphatag analysis showing voids and W plug surface hmasgs
appearing after failure for the G@€esq composition. Finally, we show that the drift istnionpacted by the
stoechiometry change, while both the thresholdtaoiding voltage increase with increasing Te content

3. Effect of N or C addition in GespTesg

After showing that GgTes, exhibits the best programming characteristics duetention still not coping with
targeted specifications for automotive applicatjoms present the effect of N and C addition in twmpound.

With the addition of N in GgTes,, optical reflectivity and electrical resistivity@aasurements show an increase of
both the crystallization temperature and activagémergy with N content. XRD and Raman spectra lethed the
crystallized phase turns to be cubic for N consdrdve ~4%, while the grain size is reduced andthesegregation is
suppressed. Meanwhile, XPS results show evidenc&ésN bonding, leading us to the conclusion tmbm@ohous
GeN domains subsist after the crystallization off &eAs for the programming characteristics, thetresirrent and
the set speed remain unchanged, while the reteptioperties are largely improved, with a fail temgtere after
10years of 154°C for 2% of N. Drift is unchangedhjles holding voltage is increased.

The addition of C in GgTes, also leads to an increase in crystallization tewipee and activation energy for
crystallization. Again, the C content above ~4%d&e#0 the crystallization of a cubic phase, withiacreased
disorder and a grain size reduction following thdiion of C. Unlike the addition of N, the additiof C impacts the
programming characteristics, decreasing the raseemt by about 30% but also slowing down the geied. As
expected from materials characterizations, thentiete is improved resulting in a fail temperatufeea10years of
127°C for 10% of C.

4. CONCLUSION

In this paper, we have shown how the GeTe-based B&MNte performances can be tuned thanks to material
engineering. GeTe host material features Reseemureduction either in the Te-rich domain or wattidition of C
within GegTesq, Which is however accompanied by a set programtiving increase. These material modifications, in
a similar way like N addition, also feature imprdwata retention.
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