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Abstract

Phase change memory has become known and mostcadvaesistive memory technology to meet the conseme
applications. It is a non-volatile random accessnowy. It plays a vital role in order to overcome timcreasing demand of
powerful data storage devices. In the present paplsantages over other memories have been distirssietail. This review
focuses on the device operation of PCM. The curkalienges and future prospects have also beénealit
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1. Introduction

In the present era, the electronic appliancesmalely used. Semiconductors emerge as the hetime enodern electronic world.
It is widely used from digital watches to super gaters. The modern information society is markeddsy increasing demand
for effective data storage devices, which resuits the innovative storage concepts. The capabifithumankind to conserve
knowledge has been a salient feature of man dewedop Books can't store more information while hageount of data can
stored in USB Flash Drives, Floppy disk, DVD andngmnductor chips[1].Non -volatile storage techmis play a basic
involvement in microelectronic industry. Till nownore than thirty known Non-volatile memory techrgpés have been
participating to enter in steady increasing NVM ked2]. The steadily increasing use of digital watshandroid phones, MP3
players asserts in enhancement of memory stremgtHestures. However, CD can store 700 MB of dayDs can store upto
8.4GB of data, Blu-ray disc can store 50GB of d3jtdflVDs are expected to store data in TBs..

Phase Change Memory is such a memory which ae sore data than that of CDs, DVDs, Blu-ray within the same
areal[4]. PCM is a combination of Flash and DRAM. iAdas higher latency, higher density, higher eadoe, low power
consumption, fast operation speed, it has beercipating to enter in the steady growing Non-vdéatnarket and emerging as
storage class memory (SCM)[5].In this memory, deds be read and write even when power goes offséPli@nsition
phenomenon occurs to store information. Recentlyl IR@searchers have presented a PCM chip that cae #iree bits per
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cell[4].

The first part of review has been focussed angarison of Phase change memory with various mawavhich clarifies that
PCM is an emerging technology. In the second plaréview, PCM lance cell and Phase Change matemnele been discussed.
Recent developments on PCM, current challengegwnck prospects are discussed in last section.

2. Comparison of PCM with other memories

The recent memory technologies have a greanextecircumstances. DRAMs, Flash memory, SRAM, BB, etc have
many limitations such as SRAMs are much expendtRROMs require high power and have poor flexibi[®y7].There is
difficult to integrate DRAM[8]. Comparison of PCMitlr other memory as shown in table 1. So to maintae forthcoming
market of wireless and portable gadgets,a highefopeance at lower price is required. Ovonic ThaghSwitching is an
optimistic device to meet this need.Phase changaamneoperates in a picosecond timescale,that’s thly are faster than flash
memory[9]. The high density of OUM results into thterage of multiple bits of information within anall area. Fast operation
speed,better endurance,low power consumption niake@owerful data storage device.PCM is anon-Vel®AM that employs
the chalcogenide materials for storage of binarta[d@]. In this paper,we focused on one of the nmstminent memory
technology —Chalcogenide RAM,with a focus on tlueivice operation.

Table 1. Comparison of PCM with other memories

Attributes PCM EPROM NOR NAND DRAM
Software Easy Easy Moderate Hard Easy
Read latency 50-100 ns 200 ns 70-100 ns 15-50|us -8023
Write bandwidth | 1-15+MB/s| 13-30 kB/s 0.5-2MB/s  10BM | 100+MB/s
Erase No No Yes Yes No
Non-volatile Yes Es Yes Yes No
Endurance 10 10°-10° 10° 10" Unlimited
Granularity Small/Byte | Small/Byte| Large Large Sriigyte

3. Modelling and device function

PCM contains PCM lance cell that includes maiplyase change materials,metal electrode,resistiug,tfansistor. As
manufactured, the material is in high conductanateslt is because the action temperature of th&lnlinked layers is abundant
to crystallize. At beginning, programming regionnielted then a large electrical current pulse a&gpfor a short duration to
guench it into amorphous state. Then, a regionmadrphous stain material is formed in PCM cell. Tamsorphous region is in
sequence with low resistance state of PCM and sefidéy governs the resistance of memory cell betwthe top electrode and
lower electrode.

An electrical pulse or laser pulse is appliedetmper the active region at a temperature betwleeierystallization temperature
and the melting temperature for a long duratiorgéd back crystalline state. To read the state ofgmming region, cell
resistance is determined by applying an electgocatent [11].The mobile phase change material isrimediate between heater
and top electrode.Fig 1 shows PCM Lance Cell antl & RESET Pulse. When an electrical pulsesarlpulse is applied to
the PCM lance cell,the joule heating of mushroorapsid volume of materials occurs. When there isam@h of phase from
amorphous to crystalline, then SET Pulse is ackiavieich corresponds to logic ‘1'.RESET pulse isiagbd when state changes
from crystalline to amorphous and that correspdadsgic ‘0’ [12] given to cell not by energy impad to cell.

RESET resistance is affected by pulse currenpliode. The important characteristic of phase geamemory is Ovonic
Threshold Switching. The electrical resistancenaf phases differs in magnitude. On applying eleatrpulse, as the bias reaches
a certain voltage Vth, there is a drastic and sndd®nge from low conductance to high conductantielwresults into ovonic
threshold switching phenomenon[11-12]. The set ggsds dependent on ovonic threshold switchinga@ulying electric field
across the amorphous region, approaching the thickstalue, conductance of the amorphous regioneas®s. This ovonic
threshold switching phenomenon, is prime to sudaksst action of the memory. The ovonic thresheidtching effect raise the
conductance of these materials to the dynamicteegie and authorize set programming. The thermadwdtivity, the device
structure and resistivity governs the reset currBasically, the functioning speed of PCM is goestrby set action time as it
takes limited time to change amorphous region énystalline region.
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Figure 1. PCM lance cell

Phase change materials

To store the binary data, OUM devices uses olgalside materials. The semiconducting glasses msidg VI group elements
of periodic table are chalcogenides[13]. In opticatording techniques, the chalcogenide glasseshwhave characteristic
property of phase transition perform a keyrole[1IRCM employs the orders of magnitude large diffeeeetween the
conductivity of amorphous and crystalline phasthese materials[15]. The two different solid phasematerials are amorphous
and crystalline. Due to differences in their stunet they have distinct electrical and optical gmies[16]. These distinct
properties can be considered to store informaticke¢hnological practice. To prepare amorphous séapulsed sharp laser beam
is applied for a short time. Thereafter, the terapee of phase change layer becomes higher thatingh@bint. On removing
pulse, the liquefied region is quenched to the aimous state. The written mark can be read outumysig the difference in the
reflectance.

Binary compound Ge-Te is such a phase changeriaiathat has good thermal stability than Ge-Siipdded PCM material[15]
and also reduces energy consumption[17].GeTe dopjibctarbon is a novel phase change material p®itides both good data
retention and also good programming character[§8¢s Se,.TesSh, (x=0,4,8,12) based phase change material allows lo
thermal conductivity, low melting point[19].On irgasing Sb to Se-Te system ,activation energy aasb dransition temperature
increases. This is favourable for making memonhwivod characteristics. Ternary compound such aSlsskes is widely used
in DVDs and GgSh,Tey;in Blu-ray discs. Now-a-days, the structure of CD¥Ds, Blu-ray disc remains same as the earliespne
only the variation occurs in thickness and comparsiof phase change material. Carbon nanotubesilraaterial gives boost to
latent energy storage[20]. Recently neural netwbidsed phase change material are fabricated to emhamemory
performances[21]. Quarternary compounds based ialstare becoming new trends for the storage & olamemory.

4. Current challenges and future prospects

The challenges include the reduction of heatimghe PCM lance cell. More heating may cause daragPCM lance cell.
Suitable phase change materials are required tiasrease the rate of crystallization and amaation. Reduction in SET and
RESET current is needed. Synthesis of these mistésiatill a challenge. These materials shouldehesonomical manufacturing
process. Many more companies are looking forwardfoC(Multilevel cell) for PCM. However, even thohgrastly optimistic,
C-RAM needs to enhance its cost-effectiveness agpaced to DRAM, NAND, SRAM and Flash. Furthermdtes feasibility of
expanding new compulsive application PCM-basedioa®een seriously displayed yet.

Researchers suggest that phase change matanaltse scaled to nanometer sizes that exhibit pdvase change behaviour[22].
Manufactures focus on composite electrode and advhrphase change material to enhance the therrfialeety of
devices[22].Challenge is to reduce the device sizas to minimize power consumption. However, themeed to innovate fast
switching materials so as to increase data ragchieve a memory device, capable of non-volatilerafoons beyond gigahertz
data-transfer rates.
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5. Conclusion

In the present paper, the recent developmenthase change memory have been outlined. Phasgecha@mory offer several
important properties for high endurance, fast oj@nespeed, data retention characteristics, higisithe Because of the features
of PCM, many industries are looking forward to Owmotnified Memory that might replace flash memoly.is potentially
competitive with volatile memory technologies. Gt challenges and future prospects of PCM hawe lsden discussed. The
principal aim of today PCM developers is to inceetfse density of memory and decrease energy anérpatilization. Another
prime feature is the enhancement of data retemioperty to label embedded memory application. #nprfeature for OUM
success, is as apparent the evolution of definiti®d-controlled fabricating process. To achiewehsambitious goals, latest
PCM materials is expected to be developed in comays.
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