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Nano, Life, and Materials Science and Engineering leads to Terabyte Level Thin Film for Mobile Memory 
Devices 
V. Renugopalakrishnan et al. 
Children’s Hospital, Boston, MA, USA; Purple Memory  

  
Mobile devices like cellular phones are constantly adding more memory capacity and stretching the limits of 

scaling and miniaturization. These are demanded by new features and applications that device manufacturers are 

pushing into their terminals. Solid-state storage memories like NAND Flash which are used widely in portable 

and removable data storage applications are starting to drive semiconductor technology development. At the 

same time mobile device memory subsystem requirements for higher performance and capacity and low power 

in leading edge products are breaking new barriers. Today, with the emergence of the world wide internet with 

its continuously growing need to store and access massive amounts of data, the explosive growth of broadband 

communication, ever increasing in complexity multi-media mobile devices, the rapid expansion of on-demand 

databases serving multinational businesses, the demand for larger areal data density of storage and memory 

devices is growing exponentially [i]. Magnetic recording has been the main stream data storage technology for 

more than four decades [ii]. With the recent areal density growth rate reaching 100 percent per year, the current 

state-of-the-art demonstrations by the leading companies (Seagate, Hitachi, Maxtor, Western Digital, and others) 

are in the range of 100 Gbit/in2 (which corresponds to a 160 x 40 nm2 bit cell) [iii]. This areal density range has 

been predicted as the superpamagnetic limit due to thermal instabilities in longitudinal magnetic media [iv]. After 

aggressive attempts to extend the life of longitudinal magnetic recording, the data storage industry is finally 

coming to terms with the reality. Researchers, indeed, witness that the recorded data become highly unstable as 

the areal density increases beyond this fundamental value for longitudinal recording of 100 Gbit/in2. A number 

of technologies have been proposed by research teams all over the world to address the issues of 

superparamagnetic instabilities. The closest alternatives are believed to be perpendicular magnetic recording [v], 

patterned medium [vi,vii,viii], and heat-assisted magnetic recording (HAMR) [ix]. It is expected that these 

technologies can defer the superparamagnetic limit to approximately 1 Terabit/in2, 10 Terabit/in2, and 50 

Terabit/in2, respectively. However, there are other alternatives which the industry has not given a serious 

consideration due to the lack of similarity to conventional technology. It is indeed a fact that larger well-

established industries often tend to overlook bold, innovative concepts that will leap frog the conventional 

technologies. It is the goal of the proposed research to diversify from the main-stream magnetic technologies to 

explore an alternate area of biological-based system for unprecedented data storage densities. Bionano memory 

is well suited in very thin film configuration with a recently developed R/W head ideally suited for mobile 

devices.  
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Bacteriorhodopsin (bR) mutants developed by the Renugopalakrishnan are proprietary, nano-scale proteins that 

exhibit excellent physical and optical properties that make them ideal candidates for a storage material.  Their 

naturally evolved properties, along with their genetically engineered adaptations, make them superior to current 

polymer and magnetic materials used in DVD media (NEC) and hard drives.  The bR molecule is less than 3 

nanometers in diameter – more than 100x smaller than the synthetic polymer material used in making DVD 

media  (320-400nm). Moreover, the bR mutants developed offer a long-term stability with a shelf life of 10 

years, which is in line with the industry standard for the storage media.  bR mutants can be recycled 

photochemically nearly 10,000,000 times, which is 1000 fold greater than synthetic photochromic materials used 

in manufacturing current DVD media.  In simple words, bR media can be rewritten 10 million times.  Also, it 

offers very fast (Picosecond – 1x10‐12s) reaction times in changing states, with nearly comparable R/W speeds.  

 

The global Smartphone market is forecast to grow  over 22% annually from 2009 to 2015, totaling over 2.5 

billion units by the end of the period. WiFi and 4G network-enabled Tablets  will push demand even higher. 

Multimedia content is driving this demand as operators offer VoD, P2P video sharing, pay-per-view TV and 

digital radio, as more and more users take higher resolution pictures and HD video with their handsets. 3D 

capabilities e.g. Videoconferencing.  

While the convergence of mobile phone and computing technology has been developing for 

years, we are now starting to experience exciting and disruptive new applications and usage 

models as the next generation of mobile devices begin to deliver on the promise of a truly 

mobile computing experience. Consumer expectations for new mobile devices are very high. 

These new devices are more immersive and interactive than ever before, which makes the 

user hyper-aware of device performance. Consumers are demanding highly responsive user 

interfaces, uncompromised web browsing performance, visually compelling online and 

offline gaming experiences, and access to all of their content, while extending battery life 

beyond levels found in current mobile phones.  

 

This lecture will explore how nano, life, materials science and engineering enables products to 

reach the consumers world‐wide. 

 
 
                                                             
 
 
 
 
 
 
 
 
 


