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Problems we are facing:
Current computer hard ware technology is based on silicon chips. Since this was invented in 1954 and put into commercial area in1961, this technology has been highly developed in the past 60 years. In 1975 the famous electronics pioneer Gordon Moore predicted that the complexity of integrated-circuit chips would double every 18 months, that is the famous Moore’s Law. The devices become smaller faster and cheaper. In the following 35 years, the electronics manufactory industry has closely followed that trajectory.
  However, everybody knows that the Moore’s Law will lose its predictability at some aspects in some day. Maybe when the transistor goes to the tens of atoms thick, the natural law will set the barrier. Or maybe we do not even need to wait that day come, the practical problem will stop our step. Such as: placing transistors so small and close together  while still getting a high yield----usable chips versus defective ones ----could become overly expensive; and the heat generated by the thicket of transistors switching on and off could climb enough to start cooking the elements themselves.[1]
  Unfortunately, the day has already come. The “dual-core” or even more core chips using in the personal computer become the best-seller in the market is mainly because the cooling problems. 
The Moore’s Law will definitely lost his domination in this flied, but the engineers will never let their step stop which making the chips smaller faster and cheaper. They are seeking the new ways, some of them put their eye on the nonmaterial and the nanostructures, some of them put their eyes on the quantum and biological computing ways. In this paper, I will mainly introduce a biological way, the autonomous programmable biomolecular devices using self-assembled DNA nanostructures.
DNA nanostructures
DNA is nature's most special and most sophisticated molecules, DNA molecules of the four kinds of nucleotides of different sequences constitute a special combination or tens of thousands of genes, these "chemical language" code with different genetic information, guidance and control biological and biochemical, morphological, physiological and behavioral expression of a variety of traits and changes. DNA is the only natural self-replicating molecule, it is this fine, accurate self-replication, and biological characteristics will be passed to the descendants of their most basic molecular basis. Because of this, more and more laboratories have started to do the research on it. 
  There are four basic types of DNA bases: adenine, thymine, guanine, and cytosine, always they symbols as A, T, G, and C. The bases get together followed a certain way called complementary pairs (G, C) and (A, T). With the complementary pairs, the two single-stranded DNA has been bind together with opposite directions to form a double-strand DNA helix.

Scientists are pursuing to build the nano-structure precisely. Theoretically, there are two basic ways to build a nano-structure, that is, “top-down” and “bottom-up”. The traditional silicon-based manufacturing techniques followed the top-down way, however, the limitation in scale reduction that restricts lithography. 

The complementary principle is the first condition for ensure that the combination of DNA molecules paired with each other to form nano-structured and has a high repeat accuracy. So we could modify the DNA strand in some biological ways and basic the DNA nanostructure make the design and then self-assembled DNA strand into a variety of nano-structures or molecular device. The scheme as follow,
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Scheme of programmable design and self-assembly of DNA crystals [2]
Some experiments 
Winfree and his partners have built a non-periodic DNA fractal structure with Self-assembly of DNA computing. They make a design of DNA self-assembly based on DX molecules and XOR algorithm. After enzyme treatment they finally get a complex fractal patterns: Sierpinski triangle (Figure 2). In Figure 2, the bottom line provides the input, then the values input to the adjacent row above, with XOR algorithm, the higher output get the corresponding results. Each point will get a value result to the left lower input and the right lower inputs, in the same way, this value as close to the left upper and right upper end of the input values. Diagram arrows indicate the direction of information flow, the actual assembly of the module as represented by the sticky end of the sequence of DX choice.
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Figure 2. (a) Image form with “0” and “1” follow the XOR algorithm
(b) Sierpinski triangle (c) AFM image of Sierpinski triangle[3]

The TX molecule shown in Figure 3(a) is designed such that it contains two stem loops protruding, one each out of the upper and the lower helices. A linear array of the TX molecules can be obtained by designing three pairs of sticky ends where their complementarity is represented by matching color and geometric shape Figure 3(b).
[image: ]
Figure 3. Schematic drawing of the TX DNA-templated
self-assembly ostreptavidin linear arrays.[4]


Figure 4 shows a unit TX tile’s sets of input and output tiles (a) with geometric shapes conveying sticky-end complementary matching. The tiles of (a) execute binary computations depending their pads, as indicated by the table in (a). The (blue) input layer and (green) corner condition tiles were designed to assemble first (see example computational assemblies (b)). The (red) output layer then assemble specifically starting from the bottom-left using the inputs from the blue layer. The tiles were designed such that an output reporter strand ran through all the n tiles of the assembly by bridges across the adjoining pads in input, corner, and output tiles. This reporter strand was pasted together from the short ss-DNA sequences within the tiles using ligation enzyme mentioned previously. When the solution was warmed, this output strand was isolated and identified. The output data was read by experimentally determining the sequence of cut sites. In principle, the output could be used for subsequent computations.[5]
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Figure 4. (a)
[image: ]
Figure 4. (b)[5]
Future 
The simple structure of DNA prints our living world. In the nano-technology field, we have made a new concept to DNA. With its unique advantages like easy to design, fairly predictable in their geometric structures and self-assemble, it will solve lots of problems we face. Base on the DNA bases coding assembly allows precisely location, we could build 1D, 2D, even 3D structures, and nearly all shapes of images. And its high storage capacity is far beyond the traditional storage device.
  In the other aspect, using the DNA nanostructure as scaffolds or templates with the bottom-top assembling way makes the molecular scale device become reasonable. Maybe someday our computer will not come from the factory but the test tube.
  With molecular scale device come out, it will lead nano-circuit, nano-device and even nano-robot, will come out. Based on the DNA structure’s biological property, maybe, someday we just need to plant a piece of DNA fragment in our body, rather than take a laptop with us.
  As we could see the bright future of DNA nanostructure based device, we can also see the problem we still have. As we know, the whole assembling work happens in the certain environment, and the bio-chemical reactions always happens with some side product, so how can we purify the DNA fragment we need. And also how could we test the device, and how to make the I/O. and even some thing I can not imagine. 
   Someone says “a era ended means another era will start”, maybe the next generation of electronics belongs to the DNA, but make that day comes we still get lot of work to do.
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