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Unit I. CMOS Technology.

1. Read and translate the text.

                     The Importance of Moor’s Law.

The performance of integrated circuits has been improving exponentially for more than thirty years. In the next few years, the industry must overcome several technological challenges to sustain this pace of improvement.

The remarkable characteristic of transistors that lies under the rapid growth of the information technology industry is that their speed increases and their cost decreases as their size is reduced. The transistors manufactured today are 50 times faster and occupy less than 1% of the area of those built 20 years ago. It seems intuitively obvious that continued reduction of the area of a transistor by a factor of 2 every three years cannot be sustained forever. The predicted "limit" has been dropping at nearly the same rate as the size of the transistors. The accuracy of a prediction of the future of CMOS technology is therefore not likely to be very great. However, the key principles underlying the evolution of CMOS technology can give us some insight into the future.

A recent research pointed out that the particular transistors in dominant use today (complementary p-type and n-type field-effect transistors, called CMOS) will soon have a lower rate of performance increase as their size is reduced. It is concluded that the current rate of transistor performance improvement can be sustained for another 10 to 15 years, but only through the development of new materials and transistor structures. In addition, a major change in lithography will be required to continue size reduction. Memory technology for DRAM products is similarly reaching a major hurdle and requires a new architecture to move beyond 8Gb levels. The most common description of the evolution of CMOS technology is known as Moore's law. The observation made by Gordon Moore in 1965 was that the number of components on the most complex integrated circuit chip would double each year for the next 10 years.
In 1975 Moore noted with amazement that his previous prediction had come true. He predicted, however, that in the future the number of components per chip would require nearly two years rather than one year to double. In the last 30 years this prediction has been remarkably realized and has gained the status of a law." The term Moore's law has come to refer to the continued exponential improvement in the cost per function that can be achieved on an integrated circuit.
The importance of Moore's law lies not in the constancy of the rate of increase but in the root cause and in the effect of the trend. Moore pointed out doubling of the number of components on an integrated circuit was due to three factors. First, and most significant, half of the increase is derived from improvement in lithographic resolution. Second, 25% of the increase is due to larger chip sizes, made possible by enhanced manufacturing techniques and better lithography. Third, the remaining 25% is due to innovation, such as more creative techniques for forming the components, predominantly transistors, on a chip. These three factors are the driving forces behind the trend for increasing the number of components on a chip.
Moore also pointed out that the result of this increase in components per chip is a lower cost per component Performance was not an explicit parameter addressed in Moore's law. However, associated with the increase in the number of transistors on a chip is the improvement in performance. This is not an automatic consequence, but rather the result of careful design.
The increase in processor performance results from both an increase in density and an improvement in transistor design. The key to understanding the future of CMOS technology is to understand the factors influencing the cost per function. CMOS will continue to dominate and evolve as long as the net cost per function drops. The key elements behind this trend are:

1. Lithography to enable the manufacturing of components with smaller dimensions.

2. Proper transistor design to achieve higher performance at smaller dimensions as well as innovative layout to gain
density.
3. More effective interconnections to increase the component density.
4. New circuit families.
5. Innovative, denser memory cells.
6. More productive design processes.
            1/1. Find the following expressions in the text and give their Russian equivalents.

             To improve exponentially; pace of improvement; intuitively obvious; to sustain the pace; to drop at the rate; key principles; insight into the future; field-effect transistors; major hurdle; to come true; enhanced manufacturing techniques; automatic consequences. 
1/2. Fill in the blanks with the appropriate words.

1. The transistors … today are 50 times faster than those built 20 years ago.

2.  … of a prediction of the future of CMOS technology is not likely to be very great.

3. A major change in … will be required to continue size reduction.

4. In the last 30 years Moor’s prediction has been remarkably … .

5. Moor’s law refers to the … … improvement in the cost per function.

6. Moor pointed out … of the number of components on an IC was due to the three factors.

7. Half of the increase is derived from improvement in …

8. Larger chip sizes are possible due to … manufacturing techniques.

9. Innovation means more … techniques for forming the components.

10. The result of the … in components per chip is a lower … per component.

          1/3.  Say what these figures in the text refer to.

             1%; 8Gb; 1965; 1975; 25%; 3.
           1/4. Find the answers to the questions.

1. What is CMOS technology?

2. What is known as Moor’s law?

3. What observation did Moor make in1965?

4. What were the corrections made by Moor in 1975?

5. Where does the importance of Moor’s law lie?

6. What are the three factors influencing the number of components on an IC?

7. What does the increase in processor performance result from?
            8.   Is it important to understand the future of CMOS technology? Why?

          1/5. Find the non-finite forms of the verb in the text and specify their functions.

          1/6. Give the summary of the text.

           2. Read and translate the text.

                                         Lithography.

Lithography is the means by which patterns are delineated on wafers and is therefore the primary driving force behind the reduction of the size of transistors. Optical (approximately visible wavelength light) lithography was once thought to be limited to 0.1-mm resolution, but the industry is now moving to 0.65-mm resolution in manufacturing.
One interesting point to note is that recent progress in lithography has exceeded the pace of most predictions. One way to discuss lithography is in terms of linear dimensions, comparing the smallest feature to be patterned with the wavelength of the light used for the lithographic process. The first widely used light sources in the industry were mercury lamps, leading to a focus on the specific emission lines of mercury. All of the features defined had dimensions greater than the wavelength. In recent years, the so-called g-line and i-line, with wavelengths of 435 nm and 365 nm, respectively, have become industry standards. The 365-nm light source has been used to pattern features as small as 0.35 mm, essentially equal to the wavelength. Below half-micron dimensions, a transition to deep ultraviolet (DUV) light sources (either mercury source or, increasingly, excimer lasers) at 248-nm wavelength has enabled lithographers to pattern 0.25-mm dimensions, also equivalent to the wavelength. The industry is now moving to 0.18-mm lithography, marking the first time that features smaller than the wavelength are being patterned. Future lithography will require patterning features smaller than the wavelength and/or further reductions in the wavelength, perhaps through the adoption of an entirely new exposure source.
Patterning features smaller than the wavelength of the exposure source leads to significant challenges due to the diffraction of light. Optical proximity correction techniques are therefore a critical part of enabling future lithography. Various techniques such as off-axis illumination and phase-shift masking enable the patterning of features smaller than the wavelength. The tradeoff requires more complex, costly masks and possible design constraints. Potentially, it may be possible to define features down to half the dimension of the wavelength. The properties of the photoresist itself (the light-sensitive exposed polymer) are also critical to the feature resolution achievable. Achieving dimensions of 100 nm and below will therefore quite likely require a reduction of the source wavelength. The industry is actively engaged in preparing for a transition from 248 nm (with KrF excimer lasers) to 193 nm (with ArF excimer lasers). Beyond that, there appears to be no industry consensus concerning the next generation lithography. The next possible small step in wavelength could be at 157 nm (with F excimer lasers).
However, few materials are sufficiently transparent to be used in refractive lenses or in masks. Calcium fluoride is a leading candidate, but with its coefficient of thermal expansion nearly 40 times that of quartz, it may be difficult to avoid distortion. Special forms of quartz may be usable for masks, but acceptable photoresist materials for this wavelength have not yet been developed. Several non-optical lithography techniques are being explored in the industry. Electron-beam lithography is capable of defining extremely small feature size due to an effective wavelength of the electrons of about 0.01 nm. E-beam lithography has long been used for mask-making and for low-throughput wafer exposures. However, the use of e-beam lithography for chip fabrication will require greatly increased throughput. Schemes for achieving sufficient throughput by using large-area electron beams with blocking masks and electro-optic reduction lenses are being explored. Two such efforts are PREVAIL and SCALPEL. The key problems to be solved are field stitching (multiple masks are needed to cover a single chip), mask integrity, and cost. Proximity X-ray lithography has been used by IBM to fabricate exploratory integrated circuits at dimensions from 1 mm down to 0.15 mm. The 1.1-nm wavelength is extracted from synchrotron radiation, such as that obtained from the Helios ring built by Oxford Instruments and installed at the IBM technology development facility in East Fishkill, New York. The primary concern is that lenses and mirrors are not available for these wavelengths. Blocking masks must be used with features of the same dimension as that on the wafer. The cost and difficulty of fabricating these masks without distortion are key challenges. Other issues concern the close proximity (10 mm or less) required between the mask and the wafer and the associated diffraction effects. X-ray projection lithography, euphemistically named EUV for extreme ultraviolet light, tries to avoid the 13-mask issue by using ll-13-nm-wavelength light. At that wavelength, it may be possible to construct reflective lenses and reticles with a 43 dimension-reduction system. However, the system requires concave lenses composed of a super lattice of approximately 40 layers of 2-3-nm films, with a local and global uniformity of atomic dimensions.
Other, more exploratory approaches such as ion-beam lithography or hot-electron emission lithography are being investigated. At this time, however, none of these approaches has a high probability of succeeding, and all would require major resource investment to realize. The message is that lithography, the major component of Moore's law, will face enormous challenges in the coming years. Optical extensions will require radical changes to shorter-wavelength light. Non-optical techniques remain to be proven. The biggest risk is that the cost of a new system might be greater than the derived benefit of component density. Although exposure system costs might be amortized over many products, high mask costs must be borne by each product. Moore's law will continue to be effective only as long as the cost per component continues to drop.
2/1. Find the answers to the following questions.

1. What is lithography?

2. What does it mean “to discuss lithography in terms of linear dimensions”?

3. What kind of patterning features will future lithography require?

4. What is a critical part of enabling future lithography?

5. What does trade off require?

6. What are the drawbacks of optical lithography?

7. What is electron-beam lithography?

8. What are the key problems to be solved about e-beam lithography?

9. What is x-ray lithography?

10. What are the main challenges of this technique?

11. What other techniques are mentioned in the text?

2/2. Correct the following statements.
1. Recent progress in lithography has exceeded the pace of some predictions.

2. The first widely used light sources in the industry were electric lamps.

3. Below half-micron dimensions, a transition to deep ultra red light sources has enabled lithographers to pattern 0.25mm dimensions.

4. There appears to be industry consensus concerning the next generation lithography.

5. The properties of the photoresist itself are not critical to the feature resolution.

6. A lot of materials are sufficiently transparent to be used in refractive lenses or in masks.

7. A number of non- optical technologies have been introduced into manufacturing process.

8. Moor’s law will continue to be effective only as long as the cost per component continue to rise.

2/3. Find the following expressions in the text and compose examples of your own.

Optical lithography; to exceed the pace of most predictions; mercury lamps; g-line and i-line; patterning features; half the dimension of the wavelength; to be sufficiently transparent; e-beam lithography; field stitching; to fabricate without distortion; probability of succeeding.

2/4. Find the sentences with the infinitive in the function of an attribute.

2/5. Speak about the problems of non-optical lithography.

3. Read and translate the text.

                      Transistor Scaling and Design.

                                     Part 1.

From the time of its invention in 1948, the bipolar transistor had been the choice for high-performance operation. The field-effect transistor was demonstrated soon after the bipolar, but was generally found to be a slower switching device. It was nonetheless prominent in lower-power, higher-density circuit applications. Both types of transistors exhibited the characteristics of higher speed and lower power at smaller sizes. However, the power per circuit could not be decreased as rapidly for bipolar transistors. As linear dimensions reached the half-micron level in the early 1990s, the performance advantage of bipolar transistors was outweighed by the significantly greater circuit density of CMOS circuits using field-effect transistors. The system performance benefit of integrated functionality superseded that of raw transistor performance, and the dominant circuit in production today is the CMOS circuit.
The evolution of the basic transistor used in the CMOS circuit was predicted with remarkable accuracy at the 1972 International Electron Devices Meeting. Group of scientists from the IBM presented a paper on the design of transistors at very small dimensions. They proposed a scaling theory which has guided transistor design in the industry ever since. For any reduction a in linear dimensions, they showed how the voltage and the doping levels could be tailored so that the performance would increase by a factor of a, the power decrease by a factor of a 2, and the power density remain constant. In 1974, they published a device design for transistors with 1-mm channel lengths, together with data on experimental transistors. However, such devices were not used in manufacturing for another ten years or more. In practice, threshold voltages cannot be scaled rigorously without lowering the operating temperature, and the power density has increased somewhat over time, but the basic scaling principles have been largely followed. Threshold voltages were not reduced according to scaling theory primarily because of consideration of the off current. Perfect scaling would have reduced the operating temperature of the transistor so that the off current would remain constant. The practical consideration of keeping the operating temperature at room temperature or above meant a sacrifice of some off current and dictated a threshold voltage of about 0.3 V or higher. The power supply voltage was therefore also kept higher than scaling theory dictated in order to achieve performance at the expense of power density. Inevitably, the scaling process will soon reach the point at which no further compromise of voltage levels can be made to achieve higher performance without lowering temperature significantly The result would be a 1.5-GHz processor limit. The most likely scenario is that new materials and devices as well as further circuit design learning will lead to continued improvement of clock frequency, but possibly at a slightly slower rate. Considering the growing opportunities for system enhancement through software and I/O design, this rate should be sufficient to sustain Moore's law.
The limitations to the extendability of transistor scaling theory are concerned primarily with tunneling through the gate oxide and the ability to deal with short-channel effects. That is, as the dimensions are reduced without a corresponding reduction in temperature to lower the off current, the power-supply voltage, the threshold voltage, and the doping profile must be adjusted to maintain a useful ratio of on current to off current. At some point, tunneling through the gate oxide and other effects limit the achievable channel length so that no further performance can be achieved. The gate-oxide tunneling effect is therefore a major factor limiting transistor scaling. The limit is approximately 1-1.5 nm compared to the 3.5 nm in production today. These oxides would be only five or six atomic layers thick. Recent results also indicate that these tunneling currents can initiate damage, leading to previously unexpected reliability concerns in very thin gate dielectrics. Reliability concerns might limit gate-oxide thickness to 1.5-2.0 nm. New device structures or a new gate oxide with a higher dielectric constant will have to be developed to enhance performance without further reduction of the gate-oxide thickness. No scaling theory exists to guide either development. In this sense, we will indeed soon reach the limits of CMOS scaling. Of more practical interest are limitations of novel device structures. Independent of the specific structure, the limit of a useful device with an on/off current ratio of 1000 due to source- drain tunneling atone appears to be about 5 nm separation of the source and drain. Accounting for dopant fluctuations and screening effects, an ultimate tower limit may be assumed to be 10 nm.
Without a change in transistor structure, scaling at room temperature will lead to a reduction in the performance improvement rate in a few years. The difficulty in changing structures should not be minimized. Historically, the switch from metal gates to polysilicon gates, the switch from diffusion to ion implantation, and the incorporation of silicides were major changes that were difficult to implement, even though the transistor structure itself was little changed. A novel device structure will be even more difficult to produce. Two types of structure and materials changes must be considered. First, there are structures that allow a shorter channel length to be fabricated. Second, there are materials that enable higher performance for a given channel length. Figure 1 shows a set of exploratory transistor structures that enable scaling to shorter channel lengths. The first variation from the standard bulk device is a silicon-on insulator (SOI) device. This structure has been studied for decades in the industry, but only recently has the defect density resulting from implantation damage or other methods of insulator formation been reduced sufficiently to make it feasible. IBM has considerable experience with these devices, and a performance gain of 20-30% could be realized. In addition, transistors could be scaled to smaller.
                                         Part 2.
The next two device structures include a ground plane or some kind of conductive layer underneath the device channel to act as an electrostatic "mirror," providing a higher-performance channel. These are variations on the path to the ultimate double-gate device pictured at the bottom of Figure 1. This ultimate structure effectively has two channels (one for each gate-silicon interface) to double the current capacity and a symmetrical design that helps minimize short-channel effects. Unfortunately, it is too early to know whether these devices are actually manufacturable. Simulation, supported by measurements on experimental hardware, indicates that if they can be built in the next 15 years, their performance will likely maintain the performance improvement pace of the 1990s
Another class of devices depends on material modifications to enhance mobility and therefore the performance at a given channel length. For example, SiGe deposition could be used judiciously to form strained Si layers or SiGe layers that could enhance the mobility of either electrons or holes. Enhancing both electron and hole mobilities at the same time requires a rather complex set of layers. Performance enhancement may range from 30% to 60%, depending on usable mobility factors. It is not yet clear whether these materials can be combined with the short-channel structures described above.
In principle, the inability to reduce the operating temperature commensurately with the other variables limits the scaling potential of transistors. It seems obvious, therefore, that a reduction in operating temperature could improve performance. This effect has been thoroughly studied in the industry, led by IBM. It is clear that performance improvements up to a factor of 2 can be achieved if the temperature is lowered to liquid nitrogen temperature. However, practical considerations of refrigerator cost and reliability, as well as the need to redesign the technology for optimized low-temperature operation, have inhibited commercial realization of low temperature operation. Historically, the prospect for continued scaling at room-temperature operation always offered the possibility of a more traditional answer to improved performance. Now, with the greater difficulty in scaling devices and with improvements in refrigerators and in the silicon technology itself, low-temperature operation may be commercially feasible, at least for high-end servers. Optimum cost/performance operation may be at -250.8C, where refrigerators can perform fairly efficiently and little modification of the silicon technology is required. A performance enhancement of approximately 50% is anticipated at this temperature. In the longer term, an opportunity exists to exploit the 23 system performance at liquid nitrogen temperature by developing the necessary low-threshold CMOS, packages, and cryocoolers.
Although high-end servers are considered to be the best candidate for effective use at tow temperatures, the high power consumption of these systems also requires fairly high-capacity refrigerators. Thermoelectric materials offer a low-cost, solid-state method for cooling chips, though at temperature differentials of only a few tens of degrees and power levels of tens of watts at most. Nevertheless, some performance enhancement may be possible. Providing additional cooling when portable systems are docked can also increase performance. These possibilities warrant further research.
All of the exploratory devices mentioned above offer higher performance at tow temperature, though the magnitude of the effect may vary depending on the specific device. Significant improvement in the resistivity and capacitance of interconnections will also enhance performance.

3/1. Find the answers to the questions.
1. What is the difference between the bipolar transistor and field-effect one?

2. What has guided transistor design in the industry for more than 30 years?
3. Why weren’t transistors with 1mm channel length used in manufacturing for 10 years after their invention?
4. What prevents transistor scaling theory from extension?
5. What is a major factor limiting transistor scaling? 
6. What’s the reason for limiting gate-oxide thickness to 1.5 – 2.0mm?
7. What should be done to prevent scaling at room temperatures from leading to a reduction in the performance?
8. How low should the temperature be to achieve performance improvements up to a factor of 2?
9. Why low-temperature operation may be commercially feasible?
10. What warrant further research?
3/2. Translate the following word combinations and compose sentences.

High –performance operation; field-effect transistor; remarkable accuracy;

scaling theory; power density; threshold voltage; on/off current; clock frequency; short-channel effect; doping profile; gate-oxide tunneling effect; to enhance mobility; commercially feasible; high-end server.

3/3. Write out the sentences with the complex object.

3/4. Insert the prepositions.
         1)Path … the double-gate device.

2) it is pictured … the bottom of fig.1.

3) measurements … experimental hardware

4) it depends … material modifications

         5)… a given channel length

         6) a reduction … operating temperature

         7) improvements …  … a factor of 2

         8) the difficulty … scaling devices

         9) the temperature is lowered … liquid nitrogen temperature

        10) the prospect … continued scaling

        11) … the longer term

        12) effective use … low temperatures

        13) solid-state method … cooling chips

        14) it was predicted … great accuracy

        15) the characteristics of higher speed and lower power … smaller sizes.

        3/5.  Summarize the main problems covered in the text. 

Unit II. Nanotechnology.
 4. Read and translate the text.
                                              What is Nanotechnology?

 There’s a lot of buzz—nanotechnology is “coming soon.” But what is nanotechnology? Why doesn’t anyone ever explain that? Well, it’s not that easy. While experts agree about the size of nanotechnology—that it’s smaller than a nanometer (that’s one billionth of a meter) they disagree about what should be called nanotechnology and what should not. Looking back at the historical roots of nanotechnology helps us get a better grasp on what nanotechnology is and why it’s important now, and how it will change the world in the future. 

The story of nanotechnology begins in the 1950s and 1960s, when most engineers were thinking big, not small. This was the era of big cars, big atomic bombs, big jets, and big plans for sending people into outer space. The world’s largest oil tankers, cruise ships, bridges, interstate highways, and electric power plants are all products of this era. Other researchers, however, focused on making things small. The invention of the transistor in 1947 and the first integrated circuit (IC) in 1959 launched an era of electronics miniaturization. Somewhat ironically, it was these small devices that made large devices, like spaceships, possible. For the next few decades, as computing application and demand grew, transistors and ICs shrank, so that by the 1980s engineers already predicted a limit to this miniaturization and began looking for an entirely new approach. 

The roots of nanotechnology lie in the merging of three lines of thinking—atomic physics, chemistry, and electronics. Only in the 1980s did this new field of study get a name—nanotechnology. This new name was popularized by physicist K. Eric Drexler, who pointed out that nanotechnology, had been predicted much earlier, in an almost-forgotten 1959 lecture by Nobel Laureate Richard Feynman, who proposed the idea of building machines and mechanical devices out of individual atoms. The resulting machines would actually be artificial molecules, built atom by atom. While the resulting molecule might itself be larger than a nanometer, it was the idea of manipulating things at the atomic level that was the essence of nanotechnology. Nanotechnology is a field that’s just being established, and although there are big plans for the smallest of technologies, right now, most of what nanotechnologists have accomplished falls into three categories: new materials—usually chemicals—made by assembling atoms in new ways; new tools to make those materials; and the beginnings of tiny molecular.

Meanwhile, electronics researchers approached nanotechnology from another direction. Since 1959, engineers had etched and coated silicon chips using a variety of processes to make integrated circuits (ICs). The transistors and other chip elements reached nano-scale in the late 1990s. They also used these same techniques to develop the first micromachines—microscopic devices with actual moving parts. But in the late 1980s these began to be commercialized as machines-on-a-chip, or micro-electrco-mechanical systems (MEMs), which combine ICs and tiny mechanical elements. However useful MEMs are, most engineers feel that the techniques used to make ordinary ICs will never be refined enough to make true nanotechnologies. For that reason, engineers are now concentrating on discovering entirely new ways to make ICs, building them from the ground up rather than cutting and etching “bulk” silicon slices. 

Many current nanotechnologies, for example, consist of the ever-shrinking transistors, interconnecting wires, and other features on digital ICs. As of 2005, some integrated circuits now have transistors that measure about 50 nanometers across—well inside the accepted size-based definition of nanotechnology. But chips are still made using advanced versions of the lithographic processes developed in the 1950s, which layer on materials and then carve away at them to form the electronic circuits. They are not, in other words, constructed molecule-by-molecule from the bottom up. However, chip manufacturers point out that when working with extremely small circuit elements, the behavior of electrons changes, so entirely new principles are at work. Also, there is at least one new chip with a somewhat different claim to being “nanotechnological.” This is IBM’s “Millipede” memory chip, which draws its inspiration directly from the Atomic Force Microscope (AFM). Electronics manufacturers can also point to the latest generation of high-density computer hard drives, which have extremely thin coatings of just a few atoms’ thickness applied to the surface of the disc by a process called chemical vapor deposition. While such nanochips are beginning to appear in greater numbers, most of us more often encounter applications of nanotechnological materials that are made in “bulk” form and added to other products.

These and other experiments have also led researchers to believe that they will eventually be able to assemble circuits atom-by-atom in order to create the next generation of computer chips. The circuits on these chips will be much smaller than what is currently possible, and will enable the building of much more powerful computers. What difference will that make? Some, like engineer Raymond Kurzweil, think that computers will have personalities and be as smart as humans within 20 years. We may even be able to “download” our own personalities into computers, to become virtual humans. With nearly unlimited computing power, programmers are sure they could create software that completely blows away anything possible today. 

Not surprising, these amazing predictions have inspired fear as well as wonder. Environmentalists and others point out that nanotechnology may bring with it unexpected dangers. The nanomaterials being made today, like fullerenes, are often in the form of extremely small particles. Even when these particles are made from common materials like carbon, they may interact with the human body or the environment in ways that are unlike those of natural particles of the same materials. Some say that allowing nanoparticles to be included in products ingested or applied to the body may pose health risks for consumers. 

Others predict that nanotechnology may get out of control, causing a huge man-made disaster. Eric Drexler and others warned in 2000 that self-replicating machines might run amok if they escape into the environment, competing with natural bacteria, plants, and people for natural resources. Whether public fears are founded in fact, it is true that the future of nanotechnology has inspired as much caution as optimism. Recently, in response to public outcry, researchers have begun evaluating the risks and rewards of current nanotechnologies. They believe that, with wisdom, they can bring the wonders of nanotechnology into being while avoiding the pitfalls. 

4/1. Find the following expressions in the text, paraphrase them and compose examples of your own: 

to disagree about; to look back at; to get a better grasp on; focused on; this was the era of; in the merging of; it’s the idea of doing smth; to be the essence of; to fall into; to be intended to do; to point out that; without doing smth; rather than doing smth; to draw its inspiration directly from; to apply to ….by….; to be included in; in response to; causing…; to bring into being

4/2. Fill in the blanks with the appropriate words.

1. Experts … about what should be called nanotechnology and what should not.

2.   … at the historical roots of nanotechnology helps us get a better grasp on what nanotechnology is.

3. Other researchers …  on making things small.

4. This was … of big cars, big atomic bombs, big jets, and big plans for sending people into outer space.

5. The roots of nanotechnology lie …of three lines of thinking—atomic physics, chemistry, and electronics.

6. It was …  manipulating things at the atomic level that was the essence of nanotechnology.

7. Most of what nanotechnologists have accomplished … into three categories.

8. It was the idea of manipulating things at the atomic level that was the … of nanotechnology.

9. Engineers are now concentrating on discovering entirely new ways to make ICs, building them from the ground up … cutting and etching “bulk” silicon slices. 

10. High-density computer hard drives have extremely thin coatings of just a few atoms’ thickness … to the surface of the disc … a process called chemical vapor deposition.

11. They say that allowing nanoparticles … in products ingested or applied to the body may pose health risks for consumers.

12. One can bring the wonders of nanotechnology into …while avoiding the pitfalls. 

4/3. Remember three groups of adjectives to form comparatives and superlatives. What are the “irregular” adjectives? Find the following constructions in the text and use them in sentences of your own with different types of adjectives:

… than …; as… as…; not as … as…; not so… as….

4/4. Choose sentences and use adverbs of degree:                                             

 1. Highest degree: absolutely, completely, totally, utterly.                                          

2. High degree: very, really (mind that very can only be used with gradable adjectives)                                                                                                                  3. Middle/low degree: pretty, rather, quite, a bit, a little, slightly 

4/5. Find the answers to the following questions.                                                                      1. When did the history of nanotechnology begin?                                                   

2. What inventions anticipated the appearance of nanotechnology?                           3. What was the essence of nanotechnology according to Richard Feynman?           

4. What was electronics researchers’ approach to nanotechnology?                               5. Why did it become so commercialized?                                                                

6. What techniques were used to make ICs?                                                             

7. What are the new ways to make them?  

4/6.  Speak about the pros and cons of nanotech development. Below is a list of common linking devices that have been grouped under their usual function.                       

- sequencing ideas: firstly, secondly… finally; next, then, lastly                             

- expressing conditions: if, unless, when, whether                                                     

- expressing contrast: but, but for, however, nevertheless, yet, on the other hand     

- adding further support: besides, also, furthermore, moreover, in addition                                  - stating results: thus, as a result, so, consequently                                                     

- expressing similarities: likewise, similarly, in the same way                                   

- providing reasons:  on order to, so as not to, so that, because                                  

- giving example: for instance                                                                                      

- concluding statements:   in summary, to sum up, to conclude   

      4/7. Summarize the problems covered in the text.     

5. Read and translate the text. 

                   Heterogeneous Three-Dimensional Electronics. 
Nanoelectronics devices are often made by integrating dissimilar classes of semiconductors and various other disparate materials into one heterogeneous single system. The two primary modes of combining these materials - mechanical bonding and epitaxial growth processes - place stringent requirements on the ultimate scale or constituent materials of circuits. With mechanical bonding, there is a limited ability to scale to large areas (i.e., larger than the wafers) or to more than a few stacking layers; incompatibility with unusual materials (such as nanostructured materials) and/or low-temperature materials and substrates; challenging fabrication and alignment for the through-wafer electrical interconnects; demanding requirements for planar bonding surfaces; and bowing and cracking that can occur from mechanical strains generated by differential thermal expansion and contraction of disparate materials. Epitaxy avoids some of these problems but places severe restrictions on the quality and type of materials that can be grown. Using a process akin to the printing press, researchers have managed to bypass the need for epitaxial growth or wafer bonding to integrate wide ranging classes of dissimilar semiconducting nanomaterials onto substrates for the purpose of constructing heterogeneous, three dimensional electronics.

Printed semiconductor nanomaterials provide new approaches to 3D heterogeneously integrated systems that could be important in various fields of applications such as microfluidic devices with integrated electronics, chemical and biological sensor systems that incorporate unusual materials with conventional silicon-based electronics, and photonic and optoelectronic systems that combine light emitters and detectors of compound semiconductor with silicon drive electronics or micro electromechanical structures. Furthermore, the compatibility of this approach with thin, lightweight plastic substrates may create additional opportunities for devices that have unusual form factors or mechanical flexibility as key features.

This approach, the combined use of semiconductor nanomaterials and printing techniques, enables high quality electronics to be formed on diverse substrates, including nonplanar surfaces and thin plastic sheets. Their goal is to invent methods that can allow interesting applications which cannot be addressed with conventional technologies, such as flexible displays, large area solar cells, conformable X-ray imagers, distributed structural and personal health monitors, curved surface imagers as electronic eyes, etc. They believe that inorganic semiconductor nonmaterial, delivered to a target device substrate using printing techniques, forms an attractive way to achieve devices of these types.

The recent results show how dissimilar single-crystal inorganic semiconductors (such as micro- and nanoscale wires and ribbons of GaN, Si, and GaAs) can be combined with one another and also with other classes of nanomaterials (such as single-walled carbon nanotubes - SWCNTs) with the use of a scalable and deterministic printing method to yield complex, heterogeneously integrated electronic systems in 2D or 3D layouts.

Specifically, the nanoscale semiconductor components are first fabricated each on their own source substrate, through standard lithographic procedures, with ohmic contacts formed by doping and annealing. After some additional processing – including deposition and patterning of gate dielectrics, electrodes, and interconnects – the transfer printing and device fabrication steps can be repeated, beginning with spin-coating a new prepolymer interlayer on top of the previously completed circuit level. This fabrication approach has several important features:

First, all of the processing on the device substrate occurs at low temperatures, thereby avoiding differential thermal expansion and shrinkage effects that can result in unwanted deformations in multilayer stacked systems. This operation also enables the use of low-temperature plastic substrates and interlayer materials, and it helps to ensure that underlying circuit layers are not thermally degraded by the processing of overlying devices. Second, the method is applicable to broad classes of semiconductor nanomaterials, including emerging materials such as SWNTs. Third, the soft stamps enable nondestructive contacts with underlying device layers; these stamps, together with the ultrathin semiconductor materials, can also tolerate surfaces that have some topography. Fourth, the ultrathin device geometries and interlayers allow easy formation of layer-to-layer electrical interconnects by direct metallization over the device structure. These features overcome many of the disadvantages of conventional approaches. 

The researchers demonstrated the capabilities of their printing process by fabricating ultra-thin multilayer stacks of high-performance metal oxide semiconductor field-effect transistors (MOSFETs), high electron mobility transistors (HEMTs), thin-film transistors (TFTs), photodiodes, and other components that are integrated into device arrays, logic gates, and actively addressable photodetectors on rigid inorganic and flexible plastic substrates. 

5/1. Find the following words in the text, say how prefix modifies the meaning, define them in English and give antonyms if possible: 

dissimilar, ultrathin, multilayer, incompatibility, unusual, incorporated, nonplanar, semiconductor, prepolymer, interlayer, inorganic, degraded, disparate

5/2. Fill in the blanks with the appropriate words.

1. Nanoelectronics devices are often made by integrating … classes of semiconductors.

2. The two primary modes of combining materials are to place stringent requirements on the … scale.

3.  With mechanical bonding, there is an … with unusual materials.

4. The combined use of ... nanomaterials and printing techniques, enables high quality electronics to be formed on diverse substrates, including ... surfaces and thin plastic sheets.

5. The transfer printing and device fabrication steps can be repeated, beginning with spin-coating a new … interlayer.

6. This operation also enables the use of low-temperature plastic substrates and … materials.

7. They believe that … semiconductor nonmaterial, delivered to a target device substrate using printing techniques, forms an attractive way to achieve devices of these types.

8. It helps to ensure that underlying circuit layers are not thermally … by the processing of overlying devices.

9. The soft stamps enable nondestructive contacts with …device layers.

10. Avoiding differential thermal expansion and shrinkage effects can result in unwanted deformations in … stacked systems.

5/3. Here are some of the most common prefixes. Give two more examples of your own:                                                                                                                        

dis- = opposite to                      disorderly                                                               mis-=wrongly/badly                  misunderstood                                                                          anti- = against                           antisocial                                                                                      over-=too much                        overactive                                                                                   pre-=before                               pre-industrial                                                                                    un-=not                                     unimportant                                                                                        inter-=between                          interactive                                                                                    multi-=many                              multi-purpose                                                                                     out-=beyond/outside                 outlying                                                                                   semi-=half                                 semi-final                                                                                                                                                                                                      in-=not                                       incomplete

5/4. Answer the questions.                                                                            

 1. What are the modes of constructing heterogeneous, three dimensional electronics?                                                                                                                      

2. What are the drawbacks of epitaxial growth processes?                                               3. What applications do printed semiconductor nanomaterials have?                         

4. What are the advantages of this approach?                                                                 5. What are the procedures of nanoscale semiconductor component fabrication?          

6. What are the most important features of this fabrication?                                      7. Overall, are they efficient or not? 

5/5. Speak about the problems covered in the text.

6. Read and translate the text.

         Nanophotonic structures suitable for CMOS compatible technologies.

The success of the computer and communications industry is mainly due to the possibility of a large volume and low cost production output: silicon wafers containing myriad micro and nanostructures are at the basis of Complementary Metal Oxide Semiconductor (CMOS) technology. It is a challenge to realize spatially ordered nanostructures in silicon that have many interesting applications like photonic crystals to mod the flow of light, chemical sensors, devices to alter the wetting of liquids on a surface, the same as capacitors in high-frequency electronics being used in mobile phones. The incorporation of such structures on existing silicon chips is greatly desired, and adapting conventional semiconductor nanofabrication to that end is widely pursued. 

The challenge for researchers is to obtain photonic crystals with stop bands in the telecommunication wavelength regions, i.e.1330 nm and 1550 nm. To do that, the diameter of these pores must be smaller than 500 nm. The pore to pore distances, also referred to as pitch or interpore distance, must be well below 1 µm. Furthermore the depth to diameter aspect ratio of the pores must be as high as possible to obtain photonic crystals with large enough volumes.

Researchers have demonstrated a method to etch arrays of nanopores in silicon with record depth-to-diameter ratios. These structures are suitable for nanophotonics and were made completely with CMOS compatible technologies, making integration of photonic structures in silicon chips feasible.

Several techniques have been developed for the formation of arrays of nanopores in silicon. The electrochemical etching of pores is a beautiful example of a fabrication technique for photonic crystals made by etching. Although structures with impressive aspect ratios have been obtained, this technique is quite complicated and uses non-standard equipment, and is therefore not likely to be incorporated in CMOS semiconductor nanofabrication. Silicon double inversion is another interesting method to realize pores with high aspect ratios. However, this method is rather complex since it requires many preparative steps, including non-CMOS equipment. Since the reported transmittance for wavelengths around 1.5 µm is rather low, the technique seems less suited for making photonic structures with bandgaps in the telecommunication windows.

The Complex Photonic Systems Group (COPS) describes a novel reactive ion etching method to fabricate deep nanopores with high aspect ratios (Periodic arrays of deep nanopores made in silicon with reactive ion etching and deep UV lithography).

The researchers defined the structures by means of a mask that was made using advanced deep UV lithography: A giant photo camera, using deep UV light, was geared to image the structures in a photoresist. Much effort was geared to optimizing the plasma etching method that is also used in industry, in order to obtain very deep nanopores. They found that minimizing the sidewall erosion is crucial for improving the maximum aspect ratio of the pores, which is the ratio of depth to diameter. In this fashion a record aspect ratio of more than 16 was achieved. This is the highest aspect ratio ever reported for arrays of nanopores in silicon made with a reactive ion etching process.

This enables the fabrication of photonic crystals with large volumes, which also opens an avenue towards the fabrication of three-dimensional crystal structures. The researchers also show that reducing the sidewall erosion is the best way to maximize the aspect ratio of their sub-micrometer structures. Increasing the etching rate has a far less significant effect. In optical reflectivity experiments, the novel structures have been found to behave as high-quality photonic crystals with broad forbidden bands in the telecommunications ranges near 1330 and 1550 nm.

The availability of arrays of such deep nanopores with a large range of pore diameters – 310 to 515 nm – and of pitches – 440 to 750 nm – opens an avenue towards the fabrication of three-dimensional photonic crystals that provide ultimate control of the behavior of photons. Reaserchers believe that CMOS-compatible fabrication process is compatible with nanophotonic applications.
6/1. Find  the following expressions in the text and compose examples of your own: 

Due to; to be at the basis of; spatially ordered nanostructures; to be widely pursued; to be suitable for; to make smth feasible; to develop techniques; by means of; to be geared to; precisely; a far less significant effect; to be crucial; with a large range of; is compatible with.

6/2. Fill in the blanks with the appropriate words.

1. The success of the computer and communications industry is mainly … the possibility of a large volume and low cost production output.

2. Nanostructures are … of Complementary Metal Oxide Semiconductor (CMOS) technology.

3. It is a challenge to realize …  … nanostructures in silicon that have many interesting applications.

4. Adapting conventional semiconductor nanofabrication to that end is… . 

5. These structures are … for nanophotonics and were made completely with CMOS compatible technologies.

6. These structures make integration of photonic structures in silicon chips…  

7. Several techniques have been … for the formation of arrays of nanopores in silicon.

8. The researchers defined the structures …  a mask that was made using advanced deep UV lithography.

9. Much effort … to optimizing the plasma etching method.

10. They found that minimizing the sidewall erosion is … for improving the maximum aspect ratio of the pores.

11. Increasing the etching rate has a far … effect.

12. Researchers believe that CMOS-compatible fabrication process is … with nanophotonic applications.

6/3. Answer the questions.                                                                                     

1. What is the basis of CMOS technology?                                                                 2. What obstacles should be overcome to adapt nanophotonic structures to conventional semiconductor nanofabrication?                                                                 

3. How could photonic crystals be obtained? What conditions could be met to achieve it?                                                                                                                          

4. What can make integration of photonic structures in silicon chips feasible?            5.  What techniques have been developed for the formation of nanopore arrays in silicon? What are their disadvantages?                                                                      

6. What are the advantages of the deep UV lithography?                                         

7. What are the results of the experiments made?

6/4. Notice the patterns describing trends in various fields:                                  

1. To describe trends, we often use the Present Continuous, particularly with the verbs like become, get (better/worse), develop, increase, improve, deteriorate.               

2. These can be accompanied be adverbs like rapidly/slowly/increasingly…                           

e. g. A new kind of science is rapidly developing.

Boundaries are gradually becoming blurred.                                                            

3. We also often use comparative forms and phrases like more and more and increasingly.

e. g. More and more people are taking to…

It is getting increasingly difficult to …

6/5. Speak about trends in CMOS technology using the phrases above.

III. TEXTS FOR RENDERING.

1. Critical part of a CMOS system.
Memory is a critical part of a CMOS system; its size and performance must be scaled in concert with the logic processor. In addition to utilizing CMOS logic, a DRAM chip depends on a cell consisting of a single transistor and a capacitor. Economic viability of the DRAM industry has followed Moore's law more closely than any other product. For twenty years, DRAM products have followed a generational evolution leading to a 43 increase in bits per chip every three years. As Moore predicted, half of this was due to lithography resolution, a quarter to larger chip sizes, and the rest due to cell innovation.
Cell innovation deserves a closer look. Up through the 1Mb DRAM generation, one-device cells in DRAM products were planar cells. The transistor and capacitor were laid out in a conventional fashion side by side to form the memory cell. The innovative designs that reduced the cell size independently of lithography came from process techniques such as self-alignment or creative layout. For the 4Mb generation, IBM invented the substrate plate trench cell, forming the capacitor vertically in the substrate rather than horizontally. Others in the industry chose a stacked-capacitor design, also forming the capacitor vertically but placing it above the silicon substrate. Both approaches continue to persist in the industry. The innovative part of Moore's law is achieved by moving the capacitor and transistor closer and closer on top of each other.
Conventional design methodologies constrain the size limit of these cells at eight times the square of the lithography dimension, a limit which will be reached in the 4Gb DRAM product generation. New architectural approaches to minimize noise may enable the industry to go to six or even four times the lithographic feature. However, the four-square cell marks the limit of a crosspoint cell. That is, if a memory cell location is defined by the intersection of two orthogonal lines of minimum dimensions and if this cell is separated from neighboring cells by the minimum dimension, the area of the cell is four times the square of the minimum dimension. It is challenging indeed to form a transistor with its source, drain, and gate and a capacitor within that area. Moving beyond that level will require circuits that store and retrieve multiple bits per cell, an unlikely development since the reduced signal-to-noise ratio would likely offset any area advantage.

                                  2. Memory cells scaling.
Memory cells can therefore continue to scale according to Moore's law, as long as lithography continues to scale, until the four-square limit is reached. At that point (or sooner if innovation fails to take us beyond six square cells), the reduction in cell size will be due solely to lithography improvement. If lithography also stows down, the memory progression will taper off. DRAM economics may impose a different scenario. Moore's law really states that the cost per bit must continue to drop in order for the trend to continue. If lithographic techniques or process complexity becomes more expensive than justified by the resultant bit-density increases, further capacity improvement in DRAM may not meet the economic test. Alternatively, if volume demand fails to materialize for a given generation, it may not be possible to amortize the development and manufacturing costs over a sufficient number of products. Such dire economic failure has been predicted for many DRAM generations, but has never yet occurred. As long as applications evolve to use gigabytes of memory in high volume information appliances, it may never occur. 

                                        3. Wiring and interconnections.

The wiring required to interconnect transistors must scale at the same rate as the transistors in order to take advantage of improvements in size and speed. The industry is currently moving from aluminum to lower resistance copper metallurgy, which can decrease both wiring resistance and capacitance. Research is also underway to move from silicon dioxide insulators between wiring levels to various low-dielectric-constant insulators, which can further decrease wiring capacitance. Despite these major changes in materials, there is a concern that owing to higher resistivity and capacitance, the extremely small wires will be unable to support performance enhancements. Here, the solution appears to be a hierarchical wiring scheme, which combines high-density wiring capability at the first few levels with larger, lower resistance and capacitance wiring at the upper levels. This hierarchy simultaneously meets the need for density and performance. With this approach, wiring density will in fact be able to support whatever density can be achieved with the lithography and transistor designs discussed above. An in-depth discussion of the future of interconnections is found in a companion paper in this issue.

4. Silicon photonics.
In its everlasting quest to deliver more data faster and on smaller components, the silicon industry is moving full steam ahead towards its final frontiers of size, device integration and complexity. The traditional arguments for silicon photonics have been based on its compatibility with the mature silicon integrated circuit manufacturing. Silicon wafers have the lowest cost (per unit area) and the highest crystal quality of any semiconductor material. This technology represents the most spectacular convergence of technological sophistication and economics of scale. Another motivation is the availability of high-quality silicon-on-insulator wafers, an ideal platform for creating planar 

The argument for silicon photonics can also be supported by the material itself: Silicon has excellent material properties that are important in photonic devices. These include high thermal conductivity, high optical damage threshold, and high third-order optical nonlinearities.  

The review is structured into major sections describing the following aspects of silicon photonics and the technical breakthroughs and challenges associated with them:

· Light modulation 

· Photodetectors 

· Optical amplifiers and lasers 

· Propagation and coupling losses, and optical filters

5. The advantages outweigh the risks?

Scientists suggest that the technology’s faith will be governed not by technological breakthroughs alone, but also by careful attention to the economics of chip manufacturing and the power-dissipation issues that lie on the path to commercial success.

 Risk management of nanotechnology is challenged by enormous uncertainties about the properties, risks, benefits, and future direction of nanotechnology applications. Because of these uncertainties, traditional risk management principles including acceptable risk, cost-benefit analysis and feasibility are unworkable, as is the more recent precautionary principle. Yet simply waiting for these uncertainties to be resolved before attempting to manage nanotechnology risks would not be prudent, in part because of growing public concerns driven by risk perception heuristics such as affect and availability. A more reflexive, incremental, and cooperative approach is required. Such an approach will not only help manage emerging risks from nanotechnology, but will also serve as a model for managing future technologies. 
6. Brain for nanorobots?

To build a true nanorobot - a completely self-contained electronic, electric, or mechanical device to do such activities as manufacturing at the nanoscale - many breakthrough advances will need to be achieved (background read: Mind the gap - nanotechnology robotics vision versus lab reality). One of them is the issue of controlling large numbers of devices, i.e. how to build and program the 'brains' of these machines. Another issue is to separate the concept of science fiction style 'thinking' robots (artificial intelligence) from a more realistic (yet still distant) concept of machines that can be programmed to perform a limited task in a more or less autonomous way for a period of time. These tasks could range from fabricating nanoscale components to performing medical procedures inside the body. For nanoscale machinery this would require the availability of nanoscale control units, i.e. computers. Researchers in Japan are now reporting a self organizing 16-bit parallel processing molecular assembly that brings us a step closer to building such a nanoscale processor. The conceptual hurdles of building a nanoscale computer are still huge.

A critical step in developing this concept further will be to demonstrate that the system not only works as a parallel-communication, hub-spoke array but is capable of actually performing parallel computing. Also, in order for this molecular assembly to become a practical nano-computer the researchers must find a way control the central molecule with something way smaller than a STM.

7. Use of nanowires.
        Nanowires still belong to the experimental world of laboratories. However, they may complement or replace carbon nanotubes in some applications. Some early experiments have shown how they can be used to build the next generation of computing devices. To create active electronic elements, the first key step was to chemically dope a semiconductor nanowire. This has already been done to individual nanowires to create p-type and n-type semiconductors.

        The next step was to find a way to create a p-n junction, one of the simplest electronic devices. This was achieved in two ways. The first way was to physically cross a p-type wire over an n-type wire. The second method involved chemically doping a single wire with different dopants along the length. This method created a p-n junction with only one wire.

After p-n junctions were built with nanowires, the next logical step was to build logic gates. By connecting several p-n junctions together, researchers have been able to create the basis of all logic circuits: the AND, OR, and NOT gates have all been built from semiconductor nanowire crossings.

        It's possible that semiconductor nanowire crossings will be important to the future of digital computing. Though there are other uses for nanowires beyond these, the only ones that actually take advantage of physics in the nanometer regime are electronic.
8. Nanowires within nanowires.
        Semiconductor nanowires are increasingly used in electronic devices including field-effect transistors, sensors, detectors and light-emitting diodes. More complicated devices are expected soon, requiring new and improved ways of growing such wires. Lincoln J Lauhon and colleagues at the University of Harvard have now synthesised nanowires that are only 50nm in diameter containing a germanium core surrounded by a silicon shell. They also made “triple decker” wires of silicon, silicon oxide and germanium. These so-called “core-shell” and “multi-shell” structures allow a semiconducting wire to be encased in an insulating shell. Semiconductor nanowires are one-dimensional structures, with unique electrical and optical properties, that are used as building blocks in nanoscale devices. Their low dimensionality means that they exhibit quantum confinement effects. For example, narrowing the wire’s diameter increases its band gap, compared to the bulk material.          Researchers have examined various ways of growing semiconductor nanowires, including laser ablation, chemical vapour deposition (CVD) and template-assisted growth. While laser ablation and template-assisted approaches provide bulk quantities of semiconductor nanowires, they do not provide much control over the composition, size or crystallographic direction of the nanowire. 

        Scientists have grown core-shell and core-multishell nanowire heterostructures using a CVD method that provides increased control over the structure’s composition. Using their technique, the nanowires are grown by gradually building up thin, uniform shells around a nanometre-sized cluster of gold atoms. The nanowires had boron-doped silicon shells surrounding intrinsic silicon, as well as silicon wrapped around a silicon oxide core. They also investigated the growth of crystalline germanium-silicon and silicon-germanium core-shell heterostructures. 
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