Предисловие


Целью данных методических  указаний является обучение студентов старших курсов разным подходам к извлечению информации (т.е. разным видам чтения) при работе с оригинальными научными текстами по специальности РЛ 6. Таким образом, студенты должны овладеть разными уровнями проникновения в суть излагаемого материала, а  также научиться точно переводить неадаптированную научную литературу по своей специальности и приобрести первичные навыки аннотирования и реферирования.


Выбор тематики текстов, Микроэлектромеханические системы (МЕМС), обусловлен необходимостью специализации в этой области студентов кафедры РЛ6, а также признанием этого направления науки международным научным сообществом в качестве одного из наиболее перспективных в 21-м веке. Считается, что эта инновационная технология способна произвести качественно новые, революционные изменения во многих областях науки, индустрии и производства. Мощный потенциал МЕМС уже обеспечивает технологический инновационный прорыв в области оптических телекоммуникаций, беспроводных средств связи, в области биомедицины, управления процессами и т.д. Основными и особыми преимуществами МЕМС являются их междисциплинарная природа, техника группового производства, делающие эту технологию даже более успешной, чем микрочипы интегральных схем.

Перед проработкой каждого текста необходимо внимательно ознакомиться со словарем, предваряющим текст и содержащим терминологическую лексику. Следует выучить предлагаемые термины. Усвоение терминов создает предпосылки для дальнейшего беспереводного понимания научной литературы по изучаемой теме.

Послетекстовые упражнения подразделяются на следующие три типа: 1) упражнения на контроль понимания прочитанного, позволяющие концентрировать внимание на основных идеях, фактах, данных, явлениях, законах, выводах, точках зрения и т.д. с целью адекватной их передачи на русском языке; 2) разнообразные грамматические упражнения на распознавание и перевод сложных иноязычных конструкций. Эти упражнения построены на лексическом материале, взятом из оригинальных источников, и позволяют студентам повторить, распознать и правильно перевести грамматические конструкции, представленные в новом лексическом окружении.

Авторы выражают большую благодарность доцентам кафедры РЛ6 Е.А. Скороходову и К.В. Малышеву за консультации при подборе текстового материала.

Introduction

Imagine a machine so small that it is imperceptible to the human eye. Imagine working machines no bigger than a grain of pollen. Imagine thousands of these machines batch fabricated on a single piece of silicon, for just a few pennies each. Imagine a world where gravity and inertia are no longer important, but atomic forces and surface science dominate. Imagine a silicon chip with thousands of microscopic mirrors working in unison, enabling the all optical network and removing the bottlenecks from the global telecommunications infrastructure. You are now entering the microdomain, a world occupied by an explosive technology known as MEMS (MicroElectroMechanical Systems). A world of challenge and opportunity, where traditional engineering concepts are turned upside down, and the realm of the “possible” is totally redefined.

MEMS has been identified as one of the most promising technologies for the 21st century and has the potential to revolutionize both industrial and consumer products by combining silicon-based microelectronics with micromachining technology. If semiconductor microfabrication was seen to be the first micromanufacturing revolution, MEMS is the second revolution. Its techniques and microsystem-based devices have the potential to dramatically affect of all of our lives and the way we live. 

The term used to define MEMS varies in different parts of the world. In the United States they are predominantly called MEMS, while in Europe they are called Microsystem Technology. The micromechanical components are fabricated by sophisticated manipulations of silicon and other substrates using micromachining processes. Processes such as bulk and surface micromachining, as well as high-aspect-ratio micromachining selectively remove parts of the silicon or add additional structural layers to form the mechanical and electromechanical components. While integrated circuits are designed to mechanical properties or both its electrical and mechanical properties.

The interdisciplinary nature of MEMS utilizes design, engineering and manufacturing expertise from a wide and diverse range of technical areas including integrated circuit fabrication technology, mechanical engineering, materials science, electrical engineering, chemistry and chemical engineering, as well as fluid engineering, optics, instrumentation and packaging. MEMS can be found in systems ranging across automotive, medical, electronic, communication and defence application.     

LESSON 1
Memorize the following basic vocabulary and terminology to text 1A:

actuate – приводить в действие

batch fabrication - групповое изготовление, изготовление методом групповой

технологии

batch processing – групповая обработка

deployment – развертывание 

diversity – разнообразие, многообразие

functionality – функциональные возможности

          gear – шестеренка

lever – рычаг

micropositioner – позиционирующее устройство, устройство точного

позиционирования

overwhelming – огромный, несметный

pervasive – распространяющийся повсюду

process control – управление технологическим процессом

projection display – проекционный экран

synergy – синергия, совместное действие, совместная деятельность

technique – метод, способ

Read text 1A  and answer the questions: 

Text 1A
What is MEMS?

MEMS is a process technology used to create tiny integrated devices or systems that combine mechanical and electrical components. They are fabricated using integrated circuit (IC) batch processing techniques and can range in size from a few micrometers (10 m = 0,000001m).  These devices (or systems) have the ability to sense, control and actuate on the micro scale, and generate affects on the macro scale. The types of MEMS devices can vary from relatively simple structures having no moving elements, to extremely complex electromechanical systems with multiple moving elements under the control of integrated microelectronics. The one main criterion of MEMS is that there are at least some elements having some sort of mechanical functionality whether or not these elements can move.

Although MEMS is referred to as MST (Microsystems technology), MEMS is a process technology used to create tiny mechanical devices or systems, and as a result, it is a subset of MST. Sometimes MEMS and nanotechnology are terms that are used interchangeably, because they both deal with microminiaturized objects. However, they are vastly different. MEMS deals with creating devices that are measured in micrometers, whereas nantotechnology deals with manipulating atoms at the nanometer level.
 MEMS devices are very small; their components are usually microscopic. Levers, gears, pistons, as well as motors and even steam engines have all been fabricated by MEMS. However, MEMS is not just about the miniaturization of mechanical components or making things out of silicon. MEMS is a manufacturing technology; a paradigm for designing and creating complex mechanical devices and systems as well as their integrated electronics using batch fabrication techniques.
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Sample Micromachines

From a very early vision in the 1950’s, MEMS has gradually made its way out of research laboratories and into everyday products. In the mid-1990’s, MEMS components began appearing in numerous commercial products and applications including accelerometers used to control airbag deployment in vehicles, pressure sensors for medical applications, and inkjet printer heads. Today, MEMS devices are also found in projection displays and for micropositioners in data storage systems. However, the greatest potential for MEMS devices lies in new applications within telecommunications (optical and wireless), biomedical and process control areas.

MEMS has several distinct advantages as a manufacturing technology. In the first place, the interdisciplinary nature of MEMS technology and its micromachining techniques, as well as its diversity of applications has resulted in an unprecedented range of devices and synergies across previously unrelated fields (e.g. biology and microelectronics). Secondly, MEMS with its batch fabrication techniques enable components and devices to be manufactured with increased performance and reliability, combined with the obvious advantages of reduced physical size, volume, weight and cost. Thirdly, MEMS provides the basis for the manufacture of products that cannot be made by other methods. These factors make MEMS potentially a far more pervasive technology than even the success of integrated circuit microchips. However, there are many challenges and technological obstacles associated with miniaturization that need to be addressed and overcome before MEMS can realize its overwhelming potential.   2892

Task 1. Answer the following questions

1) How are MEMS produced? 2. What are these systems able to do? 3) What are the  structures of MEMS and how do they differ? 4) How are MEMS different from nanotechnologies in terms of the size? 5) What is MEMS technology used for? 6) What are the most common MEMS applications? 7) What are the main advantages of MEMS?


Task 2. Find and put down key words expressing the main idea of each paragraph in

         the text.


Task 3. Give headings to all paragraphs using key words.


Task 4. Discuss the general issues of MEMS, their advantages and perspectives of 

          their application.

Memorize the following basic vocabulary and terminology to text 1B:

augment – усиливать; увеличивать

convert – преобразовывать

fertile (зд.)  – богатый, изобилующий
imply – подразумевать; иметь в виду

overlap – перекрывать; частично совпадать

perception – восприятие; понимание

redirect - переориентировать

unprecedented - беспрецедентный

Read text 1B and answer questions after the text:

Text 1B

MEMS Classifications

In the most general form, MEMS consist of mechanical microstructures, microsensors, microactuators, and microelectronics, all integrated onto the same silicon chip. This is shown schematically in Figure 1.







A sensor is a device that measures information from a surrounding environment and provides an electrical output signal in response to the parameter it measured. Over the years this information has been categorized in terms of the type of energy domains but MEMS devices generally overlap several domains or do not even belong in any one category (See table 1) . An actuator is a device that converts an electrical signal into an action. It can create a force to manipulate itself, other mechanical devices, or the surrounding environment to perform some useful function. There are a number of microactuators including microvalves to control of gas and liquid flows, optical switches and mirrors to redirect or modulate light beams, micropumps to develop positive fluid pressure as well as many others. Surprisingly, even though these misroactuators are extremely small, they frequently can cause effects at the macroscale level, that is, these tiny actuators can perform mechanical feats far larger that their size would imply. For example, reseasrchers have placed small microactuators on the leading edge of aircraft wings and have been able to steer the aircraft using only these microminiaturized devices.

This technology will enable the development of smart products by augmenting the computational ability of microelectronics with the perception and control capabilities of microsensors and microactuators. Microelectronic integrated circuits can be thought of as the “brains” of a system and MEMS augments this decision-making capability with “eyes” and “arms” to allow microsystems to sense and control the environment. Sensors gather information from the environment by measuring mechanical, thermal and other phenomena. The electronics then process the information derived from the sensors and through some decision making capability direct the actuators to respond by moving, positioning, regulating, pumping, and filtering, thereby controlling the environment for some desired outcome or purpose. 

Because MEMS devices are manufactured using batch fabrication techniques, similar to ICs, unprecedented levels of functionality, reliability, and sophistication can be placed on a small silicon chip at a relatively low cost. MEMS technology is extremely diverse and fertile, both in its expected application areas, as well as in how the devices are designed and manufactured. Already, MEMS is revolutionizing many products categories by enabling complete systems-on-a-chip to be realized.                                          

  Table 1.Energy domains
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Task 1. Answer the following questions:

1) What do MEMS consist of? 2) What is a sensor? 3) What is an actuator? 4) What

kinds of microactuators are mentioned in the text? 5) How will this the technology enable the development of smart products? 6) How do sensors gather information? 7) What are the “brains” of the system? 8) Is it an expensive technology? 9 ) Why is MEMS technology revolutionizing many products fabrication? 10) How are MEMS devices manufactured?

Task 2. Put questions to the text. Discuss the questions with the group.

Task 3. Comment on energy domains in table I.

Task 4. Find the paragraph discussing operation principle of MEMS devices and explain how they operate.

Memorize the following basic vocabulary and terminology to text 1C:

capillary forces – капиллярные силы

fatigue – усталость (металлов)

friction - трение

gain – получать, приобретать

grain structure - зернистая структура

heat dissipation – рассеяние тепла

package thickness - толщина корпуса

Poisson’s ratio – коэффициент Пуассона, коэффициент поперечной деформации

residual stress – остаточное напряжение

scaling laws – правило масштабирования

wafer – плата, подложка

Read text 1C and answer questions after the text:
Text 1C

Miniaturization issues

Miniaturization is not just about shrinking down existing devices; it’s about completely rethinking the structure of a microsystem. In order to manufacture a successful MEMS device basic physics and operating principles including scaling laws need to be fully understood and appreciated at both a macro and a micro-level. Sometimes no advantages in terms of performance, size, weight, reliability and cost can be gained with a MEMS device. Increased surface area (S)-to-volume (V) ratios at micro scales has both considerable advantages and disadvantages.
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Some of these micro-level issues include:

· Friction is greater than inertia. Capillary, electrostatic and atomic forces at a micro-level can be significant.

· Heat dissipation is greater than heat storage and consequently thermal transport properties could be a problem or, conversely, a great benefit.

· Fluidic or mass transport properties are extremely important. Tiny flow spaces are prone to blockages but can conversely regulate fluid movement.

· Material properties (Young’s modulus, Poisson’s ratio, grain structure) and mechanical behaviour (residual stress, fatigue etc.) may be size dependent.

· Integration with on-chip circuitry is complex and device/domain specific. Lab-on-a-chip systems components may not scale down comparably.

· Miniature device packaging and testing is not straightforward. Certain MEMS sensors require environmental access as well as protection from other external influences. Likewise, many devices are fragile or sensitive to external influences. Testing is not rapid and expensive in comparison to conventional IC devices.

· Cost, for the success of a MEMS device, needs to use its IC batch fabrication resources and be mass-produced. Hence mass-market drivers must be found to generate the high volume production.                                

Miniaturization and cost are strongly related, especially for products made with waferscale technologies. Basically, the smaller the device area, the more devices one can place on a wafer, the lower the processing cost per die (assuming the processing cost per wafer remains the same). This principle led to a continuous drive towards the miniaturization of the MEMS products, as is for instance seen at accelerometers. It must be stated that reduction in size is achieved by both a reduction of the package thickness and savings on surface area on the wafer.                                                        

                                                                                                                      2056

Task 1. Answer the following questions:
1) What is miniaturization? 2) Why is it necessary to understand device basic

 physics and operating principles? 3) What are the examples of micro-level issues? 4) What principle led to a continuous drive towards the miniaturization of the MEMS products? 5) How can the reduction in size be achieved?

Grammar exercise № 1. Point out Complex Subject Infinitive Constructions in the 

following sentences and translate them.

1. Micro-electromechanical system (MEMS) is considered to be a technology to create tiny integrated devices that combine electrical and mechanical components.

2. MEMS are known to be fabricated using integrated circuit (IC), and batch processing (групповая пакетная обработка) techniques. They are said to range in size from a few micrometers to millimeters.

3. MEMS is believed to be one of the most promising technologies for the 21st century. This technology is sure to revolutionize both industrial and consumer products.

4. MEMS is known to combine silicon-based microelectronics with micromachining (микромеханический) industry.

5. These techniques and microsystem-based devices are certain to dramatically change the way we live.

6. Micromachines are known to consist of elements only a few millimeters in size and they are said to be capable of performing complex microscopic tasks.

7. In 1967 Westinghouse was reported to have created the Resonant gate (RG) Field Effect Transistor (полевой транзистор с резонантным затвором). 

8. The first experiments in surface micromachining silicon are believed to have stimulated rapid development of microelectronic industry in early 1980’s.

9. Richard Feynman was reported to have offered 1000 dollars to the first person capable of creating an electronic motor smaller than 1/64th of an inch.

10. Transducer (преобразователь) is known to be a device that transforms one form of signal or energy into another form.

11. Sensor (датчик, детектор) is considered to be a device that measures information from a surrounding environment and provides an electrical output signal.

12. Inkjet printer head (головка струйного принтера) is believed to be one of the most successful MEMS applications.

13. MEMS technology proved to be promising for new biomedical applications and wireless communications comprised both of optical (MOEMS) and radio frequency (RF) MEMS.

14. The new technology (Bio MEMS) is reported to be based on microfluidic systems, on chemical testing and processing.

15. Bio MEMS’s microfluidic systems are said to contain silicon micromachined pumps, flow sensors (датчики (по)тока) and chemical sensors.

16. Future lab-on-a-chip (лаборатория на чипе) technology is assumed to include implantable device to carefully release drug (высвобождать лекарство) into the body from tiny chambers (полость) imbedded in a MEMS device.

LESSON 2
Memorize the following basic vocabulary and terminology to text 2A:

airbag – подушка безопасности 

capacitive – емкостный

conventional – обычный, традиционный

dampen – ослаблять, глушить

deceleration – замедление, торможение

deflection – отклонение

jolt – толчок, столкновение

micromachining – микромеханическая обработка

pacemaker – электронный стимулятор сердца

pendulum - маятник

slant – наклонять

spring - пружина

steering wheel – руль

suspension – подвеска

tensioning – натяжение

trigger - инициировать, дать начало

Read text 2A  and answer questions after the text 

Text 2A
Automative Airbag Sensor

An air bag is only as good as its control system. On most vehicles, the bag is triggered electrically. Located in the front of most domestic vehicles are one to three "crash" sensors. These are positioned well forward in the crush zones so they will react almost instantly to the sudden deceleration that results from a frontal impact (anything up to about 30 degrees either side of center). Many European vehicles use only a single electronic crash sensor located inside the passenger compartment. The same setup is now being used in many newer domestic vehicles.

There are several different types of crash sensors. A commonly used sensor is the electromechanical "gas dampened ball and tube" design. The sensor is nothing more than a small tube with a switch at one end and a gold plated steel ball at the other, held in place by a small magnet. When the sensor receives a hard enough jolt to knock the ball loose from the magnet, the ball rolls down the tube, hits the switch and closes the circuit. The tube is slanted upward so the ball should return to its original position after an impact.

Some vehicles have "spring and mass" crash sensors in which a spring loaded weight is deflected by the impact to close a switch. Most newer vehicles now have solid state crash sensors that contain either a piezoelectric crystal or a "micromachined accelerometer" chip that produces an electronic signal when jolted.

Automative airbag sensors were one of the first commercial devices using MEMS. They are in widespread use today in the form of a single chip containing a smart sensor, or accelerometer, which measures the rapid deceleration of a vehicle on hitting an object.  The deceleration is sensed by a change in voltage. An electronic control unit subsequently sends a signal to trigger and explosively fill the airbag.

Initial air bag technology used conventional mechanical ‘ball and tube’ type devices which were relatively complex, weighed several pounds and cost several hundred dollars. They were usually mounted in the front of the vehicle which separate electronics near the airbag. MEMS has enabled the same function to be accomplished by integrating an accelerometer ant the electronics into a single silicon chip, resulting in a tiny device that can be housed within the steering wheel. 

The accelerometer is essentially a capacitive or piezoresistive device consisting of a suspended pendulum proof mass/plate assembly. As acceleration acts on the proof mass, micromachined capacitive or piezoresistive plates sense a change in acceleration from deflection of the plates.
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Modern day MEMS accelerometer

The airbag sensor is fundamental to the success of MEMS and micromachining technology. In operation over the last 10 years and operating in such a challenging environment as that found within a vehicle, the reliability of the technology has been proven. An example of this success is today’s vehicles – the BMW 740i has over 70 MEMS devices including anti-lock braking systems, active suspension, appliance and navigation control systems, vibration monitoring, fuel sensors, noise reduction, rollover detection, seatbelt tensioning etc. 

Accelerometers are not just limited to automotive applications. Earthquake detection, virtual reality video games and joysticks, pacemakers, high performance disk drives and weapon systems arming are some of the many potential uses for accelerometers.                                                                                                       1667

Task 1. Answer the following questions:
1.What is an airbag and what is it used for? 2.What are the main types of crash sensors?  3.What kind of device is an automotive airbag sensor? 4. What is the principle of its work? 5.Where can the chip be housed? 6. What was the initial airbag technology about? 7. What does the accelerometer consist of? 8. Give some examples of the success of this technology. What principle of work is it based on?

          Task 2. Find and put down key words expressing the main idea of each paragraph in

 the text.


          Task 3. Compare modern and conventional airbag technologies and think of their advantages and disadvantages.

          Task 4. Surf the Internet and make a short report on other modern applications of MEMS devices.

            Task 5. Prepare a written mini presentation on a chosen issue using set phrases and words necessary to construct any logical reasoning and convincing argumentation. See Reference Table on page 36 with some basic vocabulary recommended for a presentation.

Memorize the following basic vocabulary and terminology to text 2B:

disposable – одноразовый

deflection – отклонение, прогиб

etch – вытравливать

housing – корпус

intravascular – внутрисосудистый

intravenous – внутривенный

pressure sensor – датчик давления

saline – соляной раствор ['seilain]

solution – раствор

          substrate – подложка

Read text 2B  and answer questions after the text 

  Text 2B
                                                  Medical Pressure Sensor

Another example of an extremely successful MEMS application is the miniature disposable pressure sensor used to monitor blood pressure in hospitals. These sensors connect to a patient’s intravenous (IV) line and monitor the blood pressure through the IV solution. They replace the early external blood pressure sensors that cost a lot and had to be sterilized and recalibrated for reuse. These expensive devices measure blood pressure with a saline-filled tube and diaphragm arrangement that has to be connected to an artery with a needle. 

The disposable sensor consists of a silicon substrate which is etched to produce a membrane and is bonded to a substrate. A piezoresistive layer is applied on the membrane surface near the edges to convert the mechanical stress into an electrical voltage. Pressure corresponds to deflection of the membrane. The sensing element is mounted on a plastic or ceramic base with a plastic cap over it, designed to fit into a manufacturers housing. A gel is used to separate the saline solution from the sensing element. 

As in the case of the MEMS airbag sensor, the disposable blood pressure sensor has been of the strongest MEMS success stories to date. The principal manufacturers are Lucas Novasensor, EG & G IC Sensors and Motorola with over 17 millions units per year. More recently, the technology from the blood pressure sensor has been taken a step further in the development of the catheter-tip ['kæøite] pressure sensor. This considerably smaller MEMS device is designed to fit on the tip of a catheter and measure intravascular pressure measurements.

Pressure sensors are the biggest medical MEMS application to date with the accelerometer MEMS a distant second. Although the majority of these accelerometer applications remain under development, advanced pacemaker designs include a MEMS accelerometer device that measures the patient’s activity. The technology, similar to that found in the airbag sensor, enables the patients motion and activity to be monitored and signals the pacemaker to adjust its rate accordingly.                                                  1734

Task 1. Answer the following questions:

1)What is the medical pressure sensor used for? 2) What are the drawbacks of the early blood pressure sensors? 3) What does the modern sensor consist of? 4) How has this new technology developed?  5) What opportunities does this MEMS application give to doctors?

Task 2.  Point out the main idea of each paragraph and make a plan.

Task 3. Compare the technologies described in both texts and speak about them.

Task 4. Look through other resources and find more information about MEMS 

applications in medicine. Discuss the information with your fellow student.

Memorize the following basic vocabulary and terminology to text 2C:

array – массив, совокупность

expansion - распространение

impinge – ударяться
inkjet printer – струйный принтер

instantaneously – мгновенно

nozzle – насадка

pupil – зрачок

ship (зд.) – поступать в продажу

'venue – место проведения (мероприятия)

Read text 2С  and answer questions after the text
 Text 2C

                      MEMS Applications in Printing Technologies

Inkjet Printer Head. One of the most successful MEMS applications is the inkjet printer head, replacing even automotive pressure sensors. Inkjet printers use a series of nozzles to spray drops of ink directly on to a printing medium. Depending on the type of inkjet printer the droplets of ink are formed in different ways: thermally and piezoelectrically.
Invented in 1979 by Hewlett-Packard, MEMS thermal inkjet printer head technology uses thermal expansion of ink vapour. Within the printer head there is an array of tiny resistors known as heaters. These resistors can be fired under microprocessor control with electronic pulses of a few milliseconds (usually less than 3 microseconds). Ink flows over each resistor, which when fired, heat up at 100 million° C per second, vaporizing the ink to form a bubble. As the bubble expands, some of the ink is pushed out of a nozzle within a nozzle plate, landing on the paper and solidifying almost instantaneously. When the bubble collapses, a vacuum is created which pulls more ink into the print head from the reservoir ['rezevwa:] in the cartridge. It is worth noting there are no moving parts in this system (apart from the ink itself) illustrating that not all MEMS devices are mechanical. 

A piezoelectric element can also be used to force the ink through the nozzles. In this case, a piezoelectric crystal element receives a very small electric charge causing it to vibrate. When it vibrates inwards it forces a tiny amount of ink out of the nozzle. As the element vibrates back out, it pulls some more ink into the reservoir to replace the ink that was sprayed out.

MEMS have enabled more and more heating elements and piezoelectric crystals to be incorporated into a printer head. Early printers had 12 nozzles with resolutions of up to 92 dpi (dots per inch) possible. Today, modern inkjet printers have up to 600 nozzles which can all fire a droplet simultaneously enabling 1200 dpi.

Overhead projection display. One of the early MEMS devices used for a variety of display applications is the Digital Micromirror Device (DMD) from Texas Instruments. The device contains over a million tiny pixel-mirrors each measuring 16 µm by 16 µm and capable of rotating by ±10 degrees, over 1000 times a second. Light from a projection source impinges on the pupil of the lens (or mirror) and is reflected brightly onto a projection screen. DMDs are used for displays for PC projectors, high definition televisions (HDTVs) and for large venues such as digital cinemas where traditional liquid crystal technology cannot compete. MEMS have enabled the micromirrors to be only 1µm apart, resulting in an image taking up a larger percentage (89 percent) of space on the DMD chip’s reflective surface, as compared to a typical LCD (12 to 50 percent). This reduces the pixilation and produces an overall sharper and brighter image. Today over 30 manufacturers use the DMD (Kodak being the largest) and over 500,000 systems have been shipped.                                                                                                          2466

Task 1. Answer the following questions:

1) What do inkjet printers use? 2) What is the principle of work of the resistors within the printer? 3) What is a piezoelectric element used for? 4) How do modern inkjet printers differ from the early ones? 5) What is the digital micromirror device? 6) What is the range of their applications? 7) What are benefits of this technology? 

Grammar exercise № 2. Find Complex Object Infinitive Constructions in the following sentences and translate them.

1. We known designers in electronics to be developing new generation of integrated circuits that will be smaller, faster and cheaper.

2. In 1970 nobody expected even the smallest transistor to have the size of only 32 nanometers wide or 96 silicon atoms several decades later.

3. Nanowires, grapheme, biological molecules and quantum particles will enable engineers to create a new generation of chips.

4. Electronics manufacturers expected transistors assembled from nanotubes to become much smaller.

5. Students found grapheme transistor fabricated at the University of Manchester to be only one atom thick.

6. The article declared Hewlett-Packard Labs to have fabricated a new kind of circuit element, so called MEMRISTOR.

7. Scientific community (сообщество) expected researchers at Yale University to create molecular switches using benzene (бензол) as a building block.

8. Having done a course in microelectronics students got acquainted with fundamentals of this science. Now they know most logic chips processing information to use field-effect transistor (полевой транзистор) made with CMOS technology.

9. Scientists believe grapheme transistors to be produced on an increasing scale in future. Their size is supposed to be one atom high.

10. Now we know grapheme to be a newly isolated form of a carbon molecule and it is only one atom layer thick.

11. They suppose this group of researchers to be working on optical interconnections that will replace the slower conducting copper wires.

12. Every student knows a classic transistor to possess 3 terminals: source, gate (затвор) and drain (сток, стоковая область).

13. Manufacturing advances will allow the chip’s transistors to shrink enabling electronical signals to travel less distance to process information.

14. In 1975 electronics pioneer Gordon Moore predicted the complexity of integrated-circuit chips to be doubled (удваивать) every 2 years.

15. We found engineers at the University of California to have built optical “data pipes” from indium phosphate and silicon using common semiconductor manufacturing processes.

16. Engineers believe new alternative materials and designs to be used in future in order to create a new generation of chips.

17. Manufacturers assume fabrication of a transistor smaller than 22 nanometers to be extremely hard so far.

LESSON 3

Memorize the following basic vocabulary and terminology to text 3A:

attenuator – регулятор усиления (аттенюатор)

cavity – полость; лунка (предметного стекла)

counter – противостоять

DNA (deoxyribonucleic acid) – ДНК (дезоксирибонуклеиновая кислота)


embed – вставлять

microfluidic – относящийся к жидкости в микроканале, микрожидкостный

microtiter plate – пластина микротитратора

pharmaceuticals – фармацевтические, лекарственные препараты

puncture – прокалывать

ultimate – конечный

well – (зд.) лунка; ячейка

Read text 3A  and answer the questions after the text 

Text 3A
New Biomedical Applications of MEMS

Over the past few years some highly innovative products have emerged from bioMEMS companies for revolutionary applications that support major societal (Социальный, общественный) issues including DNA sequencing, drug discovery, and water and environmental monitoring. The technology focuses on microfluidic systems as well as chemical testing and processing and has enabled devices and applications such as chemical sensors, flow controllers, micronozzles, and microvalves to be produced. Although many devices are still under development, microfluidic systems typically contain silicon micromachined pumps,flow sensors and chemical sensors. They enable fast and relatively convenient manipulation and analysis of small volumes of liquids; an area of particular interest in home-based medical applications where patients can use devices to monitor their own conditions, such as blood and urine ['juerin] analysis.

One example of a new bioMEMS device is the microtiterplate on which a number of cavities can be simultaneously filled accurately and repeatably by capillary force. This is a relatively simple MEMS product in the form of a piece of plastic with high-aspect-ratio micromachined microchannels and is classified as a “lab-on-a-chip” product. Its dimensions are only 20mm x 37mm x 3mm and enables automatic filling of 96 microwells by the use of capillary action.

Future lab-on-a-chip technology may include implantable “pharmacy-on-a-chip” devices to carefully release drugs into the body from tiny chambers embedded in a MEMS device, eliminating the need for needles or injections. Insulin ['ɪnsjəlɪn] is one such application, as well as hormones, chemotherapy, and painkillers. First generation devices are being developed which release their medication upon signals from an outside source, wired through the skin. Proposed second generation devices may be wireless and third generation MEMS chips could interact with MEMS sensors embedded in the body to respond to the body’s own internal signals.

One of the most recent MEMS microfluidic devices to emerge from development laboratories incorporates a “Pac-Man”-like microstructure that interacts with red blood cells. The device from Sandia National Laboratories, U.S.A. contains silicon microteeth that open and close like jaws trapping and releasing a single red blood cell unharmed as it is pumped through a 20μm channel. The ultimate goal of this device is to puncture cells and inject them with DNA, proteins, or pharmaceuticals to counter biological or chemical attacks, gene imbalances, and natural bacterial or viral infections.                         2179

Task 1. Answer the following questions:

1) What biomedical applications of MEMS are described in the text? 2) What are advantages of such devices? 3) Why is the microtiter plate alassified as a “lab-on-a-chip” product? 4) What may future “lab-on-a-chip” technology include? 5) How are the first generation devices improved? 6) What is the most recent MEMS microfluidic device? In what way does it operate? 7) What is the ultimate goal of this device?

         Task 2.  Find and put down key words expressing the main idea of each paragraph in

 the text. Give headings to all paragraphs using key words.

        Task 3. Discuss the general biomedical applications of MEMS devices, their

advantages and further improvement or development.

           Task 4. Find some more material about any other MEMS devices or systems. Make up presentation on the issues in Power Point. See Reference Table on page 36 with some basic vocabulary recommended for a presentation.

Memorize the following basic vocabulary and terminology to text 3B:

batch processing – пакетная обработка

bistable – с двумя устойчивыми состояниями, бистабильный

configurable – реконфигурируемый

data traffic – поток данных; информационная нагрузка

equalizer – выравниватель; уравнитель

predefined – предопределенный; предписанный

routing – маршрутизация

scaling – масштабирование, пропорциональное уменьшение размеров

throughput capability – производительность

tilt – наклонять

Read text 3B  and answer the questions after the text
Text 3B

Micro-optoelectromechanical systems (MOEMS)

Optical communications has emerged as the only practical means to address the network scaling issues created by the tremendous growth in data traffic caused by the rapid rise of the Internet. Current routing technology slows the information (or bit) flow by transforming optical signals into electronic information and then back into light before redirecting it. All optical networks offer far superior throughput capabilities and performance over traditional electronic systems.

Micro-opto-electromechanical systems (MOEMS), or optical MEMS as they are also called, are systems involving micromachining of structures in the micro- to millimeter range whose purposes are to manipulate light. The most significant MOEMS device products include waveguides, optical switches, cross connects, multiplexers, filters, modulators, detectors, attenuators, and equalizers. Their small size, low cost, low power consumption, mechanical durability, high accuracy, high switching density and low cost batch processing of these MEMS-based devices make them a perfect solution to the problems of the control and switching of optical signals in telephone networks.

Applications of MOEMS designs are mainly found in sensor systems. The most unique design today is a configurable diffractive optical element (CDOE), which is a development of a passive multi-focal diffractive optical element (DOE). The multi-focal DOE redirects chosen wavelengths of incoming light to a set of predefined positions. By tilting the element back and forth, the focal spots containing different wavelengths pass one after another across a single detector. It is today used in commercial spectrometers for identification of materials and glasses. A CDOE can have many of the same functions as the DOE, but whereas the DOE must be mechanically tilted, the CDOE does this micrimechanically. This makes the CDOE a micro mechanical system that has the function of a number of beam splitters, multiple band pass filters and lenses, all in one compact design. Other in-house MOEMS designs include a bistable Fabry Perot resonator for high accuracy measurement of gas concentration and a micro-optical  microphone that can be used to measure air pressure.

MEMS fabrication processes have reached the stage where mass manufacture of such devices is now practical. A typical optical switch can cost over $1000, but using MEMS, the same level of functionality can be achieved for less than a dollar.          2085

Task 1. Answer the following questions:

1) What are the advantages of optical networks over traditional electronic systems? 2) What are the most significant MOEMS devices? 3) What makes these devices a perfect solution to the problems of the control and switching of optical signals in telephone networks? 4) Where can the MOEMS devices be applied? 5) What is DOE? 6) What is CDOE? 7) How do they differ? 8) Why is the mass manufacture of MEMS devices now practical?

Task 2. Find the paragraph explaining the advantages of using optical MEMS in telephone networks.

Task 3. Write down the main idea of each paragraph in short sentences.

Task 4. Discuss the general optical applications of MEMS devices, their advantages and further improvement or prospects of their development.

Memorize the following basic vocabulary and terminology to text 3C:

cantilever – консоль, кронштейн

capacitor – конденсатор

FET (field effect transistor) – полевой транзистор

insertion loss – вносимые потери

life sciences – науки о жизни (биохимия, иммунология, генетика, физиология,

экология и т.д.)

manufacturability – технологичность

PIN diode (positive intrinsic negative diode) – pin-диод

switch – переключатель; ключ

toggle switch – тумблер

varactor – варактор (вид полупроводникового диода)

versatile – разносторонний

Read text 3С  and answer the questions after the text
Text 3С

Radio Frequency MEMS

MEMS technology demonstrated versatile applications in biology, life sciences, aerospace and telecommunication for their unique and superior characteristics. Particularly, recent and dramatic development of personal communication devices has brought the signal frequency up to millimeter and microwave range. The high precision fabrication technology (bulk micromachining and surface micromachining) of MEMS offers micro-level fine features, system integration capacities, and provides the unique performance in insertion loss, bandwidth for the micro components such as RF switches, tunable capacitors and inductors. Among them, surface micromachined RF MEMS switches exhibit superior performance at higher frequency compared to the conventional microelectronic RF switching technology such as PIN diode and GaAs based FET switches.

RF MEMS switch, in essence, is a miniaturized version of the toggle switch. From a mechanical point of view, MEMS switches can be a thin metal cantilever, air bridge, or diaphragm; from RF circuit configuration point of view, it can be series connected or parallel connected with an RF transmission line. The contact condition can be either capacitive (metal-insulator-metal) and resistive (metal-to-metal) and designed to open the line or shunt it to ground upon actuation of the MEMS switch. Each type of switch has certain advantages in performance or manufacturability. Such awitches have displayed excellent RF characteristics, including lower insertion loss, higher isolation, zero power consumption, small size and weight and very low intermodulation distortion, and long battery life. The maximum frquency of the RF carrier is limited only by the maximum MEMS operation freqency, which with today’s technology is about 60 GHz. The minimum control signal period is determined by the maximum switching speed of the MEMS, determined by the switch’s physical dimensions and material propertes. Typical switching rate with today’s technology is about 40 kHz.

Nowadays, more MEMS swithes, capacitors, inductors are reported to be integrated to make various RF devices. Devices such as phase array, phase shifter, switching and reconfigurable networks and low power oscillator and varactors are actively pursued and manufactured for wireless communication industries.                                                   1986

Task 1. Answer the following questions:

1) What does the high precision fabrication technology of MEMS devices offer? 2) What are the examples of RF MEMS devices? 3) What are the advantages of RF MEMS switches compared to the conventional microelectronic RF switches? 4) What is RF MEMS switch? 5) What are the RF characteristics of such switches? 6) Where are these devices used for?

Grammar exercise № 3. Specify syntactic functions of Infinitives in the following sentences and translate them accordingly.

1) To produce workable EMR (extraordinary magnetoresistance) nanostructure was

     the demand of dramatic changes in optoelectronics.

2) To produce workable EMR nanostructure, the university research team invited

some world-famous physicists.

3) To understand such physical effect as extraordinary magnetoresistance (EMR),

we shall consider the device shown on the next page.

4) To understand such physical effect as EMR is very important for our further

research.

     5)  To form the strongest material known was a hard and time-consuming task.

     6) To form the strongest material known, nanotubes are combined, and yet they are

both lightweight and transparent.

     7) To explain this phenomenon, one has to study how the electrons actually travel

along the random paths.

     8) To explain this phenomenon to people who have no idea of physical laws was

rather difficult.

     9) To reduce the weight of cars and spacecrafts dramatically, designers will use

carbon nanotechnology more and more widely.

     10) To reduce the weight of cars and spacecrafts dramatically will be the main result

of their promising research they have been doing for so many years.

     11)  To demonstrate what shape the electric field lines take was one of the purposes

of his presentation.

     12) To demonstrate what shape the electric field lines take, he prepared several slides 

for his presentation.

Supplementary reading

Text 1

The Future of Microchips

Read text consisting of parts A and B and point out the main information. Then present these ideas in the form of a plan.
Part A

Heat: Refrigerators or Wind. With as many as one billion transistors on a chip, getting rid of heat generated as the transistors switch on and off is a major challenge. Personal computers have room for a fan, but even so about 100 watts of power dissipation per chip is as much as they can cool. Designers are therefore devising some novel alternatives. The MacBook Air notebook com-puter has a sleek case made from thermally conductive aluminum that serves as a heat sink. In the Apple Power Mac G5 personal computer, liquid runs through microchannels machined into the underside of its processor chip.
Fluids and electronics can be a dicey mix, however, and smaller, portable gadgets such as smart phones simply do not have room for plumbing or fans. A research group led by Intel has crafted a thin-film superlattice of bismuth telluride into the packaging that encases a chip. The thermoelectric material converts temperature gradients into electricity, in effect refrigerating the chip itself.

Based on work at Purdue University, start-up company Ven-tiva is making a tiny solid-state “fan” with no moving parts that creates a breeze by harnessing the corona wind effect—the same property exploited by silent household air purifiers. A slightly concave grating has live wires that generate a microscale plasma; the ions in this gaslike mix-ture drive air molecules from the wires to an adjacent plate, gener-ating a wind. The fan produces more airflow than a typical me-chanical fan yet is much smaller. Other innovators are crafting Stirling engine fans, still some-what bulky, that create wind but consume no electricity; they are powered by the difference in temperature between hot and cool regions of the chip.                                                                                                 1438

Part B

          Architecture: Multiple Cores. Smaller transistors can switch between off and on to represent 0 and 1 more quickly, making chips faster. But the clock rate—the number of instructions a chip can process in a second—leveled off at three to four gigahertz as chips reached the heat ceiling. The desire for even greater performance within the heat and speed limits led designers to place two processors, or cores, on the same chip. Each core operated only as quickly as previous processors, but because the two worked in parallel they could process more data in a given amount of time and consumed less electricity, producing less heat. The latest personal computers now sport quadruple cores, such as the Intel i7 and the AMD Phenom X4.
The world’s most powerful supercomputers contain thousands of cores, but in consumer products, using even a few cores most effectively requires new programming techniques that can partition data and processing and coordinate tasks. The basics of parallel programming were worked out for supercomputers in the 1980s and 1990s, so the challenge is to create languages and tools that software developers can use for consumer applications. Microsoft Research, for example, has released the F programming language. An early language, Erlang, from the Swedish company Ericcson, has inspired newer languages, including Clojure and Scala. Institu-tions such as the University of Illinois are also pursuing parallel programming for multiple-core chips.

If the approaches can be perfected, desktop and mobile devices could contain dozens or more parallel processors, which might individually have fewer transistors than current chips but work faster as a group overall.                                                     1432

Task 1. Find and put down key words expressing the main idea of each paragraph in

 the text.

Task 2. Make up questions to all parts of the text 1.

Task 3. Look through the text again and give the main ideas of the paragraphs. Discuss the information with your fellow student.

Text 2

Nanoelectromechanical Systems

Read the supplementary text 2 consisting of three parts A, B, C and summarize the main information. Then present these ideas in the form of a plan.

PartA

Freestanding Nanostructures

One class of NEMS devices consists of free-standing or suspended mechanical objects in the tens of nanometers range. These devices can be fabricated by a combination of electron beam lithography and etching to remove the material beneath the lithographically fabricated object. Kwong and others, for example, fabricated free-standing metal wires with widths down to 50 nm (9). This approach was used to isolate thin metal wires from bulk phonons associated with the substrate. Creating a two-dimensional pattern in a thin film and undercutting it to make a re-leased structure has come to be known as "sur-face micromachining". Surface microma-chining primarily has been used with silicon-related materials and larger structures. It is the combination of this machining approach with high-resolution lithography that creates a basic method of NEMS fabrication. 

The pattern is defined by a scanned focused beam of electrons that is driven under computer control to trace a desired pattern over the sur-face. The standard lithographic approach uses ultraviolet light to expose a resist layer, but diffraction limits the resolution of this process. Electron beams with energies in the keY range are not limited by diffraction. The electrons alter the chemical character of the resist layer that is typically a thin polymer formed on the surface by a spinning process. The chemically modified resist is selectively dissolved to create a polymer template for etching, or another form of transfer, of the pattern into the substrate. The regions under the structures that are to be released can be either defined by another lithography step or undercut by an isotropic etch that is timed to release only the thin isolated features. In most cases, the nanomechanical de-vices remain attached to a larger support at-tached to the substrate, but the same approach can be used to fabricate completely released free-floating structures. A related micromachin-ing approach with electron beam lithography to create movable mechanical systems has been used with bulk single-crystal silicon wafers. The electron beam approach is flexible because the beam can be scanned in any desired pattern to create objects of nearly any connected two-dimensional pattern.                                                     1916

Part B

Generating Movement in Rigid Nanosystems

For very small structures, both the induc-tion of motion and the detection of motion are challenges. All of the moving devices discussed in the previous text were actuated by applied electric fields and ob-served by optical interference or angular deflection of a laser beam. This is perhaps the most direct method for actuation and observation of small-scale motion, and it can be used for a variety of experimental devices. Both static displacements and res-onant motion can be readily actuated in this way. Other methods can be used to induce and observe nanoscale motion of NEMS. 

Lorentz forces have been used to drive small conducting beams, with alternat-ing current passing through a conducting wire in a strong transverse magnetic field to drive motion. The induced electromotive force, or voltage, can be detected as a measure of the motion. This method re-quires a fully conducting path and works well, for example, with a beam clamped at both ends. Piezoelectric elements and bi-layers of differential thermal expansion, mounted on the moveable elements, have been used to actuate MEMS devices. For resonant systems secondary actuation also works well for nanoscale systems, by using piezoelectric or other actuation to oscillate the supports of resonant NEMS devices. Electron tunneling is a very sensitive meth-od that can detect subnanometer motion by the exponential dependence of the electron tunneling current with the separation be-tween tunneling electrodes. For wide-spread commercial applications, miniatur-ization and integration of the entire system will be desirable. 
A new method has been recently demonstrated, which uses a scanning tunneling micro-scope (STM) as an actuator combined with a scanning electron microscope to detect the mo-tion. This approach provides capabilities that are important for exploring oscillatory mode structure at a scale much finer than that obtainable by laser Doppler techniques. An ac voltage applied to the piezoelectric axial drive of the tip imparts a localized drive to the mechan-ical system. By observing interaction of the focused electron beam with the moving oscilla-tor, a measure of the motion can be obtained. The STM could also be used to image surface nanostructure and correlate surface structure with mechanical response and losses. This also could be the basis for making tunable NEMS oscillators. 
Smaller mechanical systems allow for the measurement of small forces, and similarly, NEMS systems can be actuated by small forces. The possibility of fabricating engineered struc-tures that can interact and probe material at the molecular level opens exciting possibilities. Scanning probe microscopes such as STMs and atomic force microscopes have entered this re-gime. NEMS is a more general technology that, in addition to imaging, can be engineered for various uses. The motivations for miniaturizing mechanical systems also include applications such as ultrahigh-density data storage or high-f'requency device components for wireless communication. As the device size shrinks, the surfaces become a dominant feature of the objects, and the mechanical dissipation associated with surfaces becomes more impor-tant. These issues drive materials-related studies of NEMS systems.                                                           2790                                                      

Part C

Nanofluidics

Many chemical, biological, and biophysical pro-cesses and experiments take place in liquid en-vironments. Therefore, a class of NEMS devices of considerable importance is nanofluidic sys-tems, with critical dimensions comparable to relevant length scales in fluid environments. These length scales include diffusion lengths of nanoparticles and molecules, molecular size, and the electrostatic screening lengths of ionic conducting fluids. Microfluidics is now accept-ed as technologically important for miniaturized chemical processing systems. Micro total ana-lytical systems or "lab-on-a-chip" sys-tems use microfabricated fluid systems primar-ily to transport liquids in channels on the order of tens to hundreds of micrometers. Nanofluidic systems may have critical dimensions on the order of hundreds to a few nanometers. 

In addition to hydrostatic pres-sure, electric fields in ionic conducting fluids can be used to drive and control the flow of liquid or motion of individual molecules. Elec-troosmotic flow or electrophoretic motion of charged molecules can be controlled by applied electrostatic potentials and controlled channel geometry and surface charge.Chou and van Oudenaarden and Boxer described systems, for example, where structure dimensions are comparable to diffusion lengths of single-mole-cule systems. In an asymmetric diffusion array device, these groups could dynamically sort molecules by rectification of the size-dependent Brownian motion of the molecules. Han and Craighead were able to sort large DNA mole-cules by creating structures smaller than the radius of gyration of the molecules. These systems have molecular transport effects imposed by the fabricated dimensions. Exploit-ing NEMS technology for single-molecule de-tection, analysis, and utilization should be a unique capability of NEMS systems. 

Methods to create nanometer-scale chan-nels include the use of sacrificial layer re-moval approaches, related in concept to the methods for fabricating the suspended mov-ing mechanical structures, with similar elec-tron beam lithography and directional etching processes. In this case, a tube can be created by fabricating a "wire" of an etchable material, and rather than removing the under-lying support to free the structure, one can encapsulate the wire in a nonetching material and selectively remove the wire to leave a tube. This can be applied to a range of mate-rial systems, with the smallest ones to date in silicon nitride and silicon dioxide. This approach has been used to create the asymmetric lateral diffusion arrays described above and entropic recoil separation systems for dynamic sorting of polymers by deform-ability and length. The ability to integrate electrically controllable processes in nanofluidic systems is a powerful approach that increases the functionality of devices to a level approaching that of integrated electron-ic devices.                                                                                                             
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Task 1. Find and put down key words expressing the main idea of each paragraph in

 the text.

Task 2. Put questions to all parts of the text 2.

Task 3. Look through the text again and give the main ideas of the paragraphs. Discuss the information with your fellow student.

Task 4. Use the Internet to find more material about nanoelectronics, nanooptoelectronics. Summarize the information and be ready to tell the group about it in brief or give a presentation in Power Point.

Appendix I

Reference table 1     HOW TO MAKE A GOOD PRESENTATION
	1.    The first slide should announce the title of your presentation, the event and date, and your name.

	2.    The second slide should seize the attention of your audience.

	3.    The third slide should set out the structure of your presentation.

	4.    Each slide should have clear heading.

	5.    Each slide should normally contain around 25-35 words.

	Make appropriate use of pictures. 


 
	How do I start? 
	You could introduce your talk or presentation formally.

Today I'm going to talk about... 
In this presentation, I'd like to tell you a little bit about... 

Alternatively, you could grab your audience's attention by starting with a question or a challenging statement. Use pictures or objects.

So, how much do you know about ___________? 
Have you ever asked yourself why ... ? 
What I'm going to tell you about today will change the way you think about... 
Pass around the picture/object. What do you think it is?  

	How do I organize the presentation? 
	Make it short. Write down the points you want to make, edit them down to, say, four, then decide which order you are going to make them in.

Introduce each point with an expression from the list below. 
The first/key thing to say about __________  is... 
The main point to make about __________  is... 
What you really need to know about__________  is ... 
Now let's look at... 
Let's turn to/move on to ... 
Another interesting thing to say about__________  is ... 
Finally, I'd like to say a few words about...  

	What do I say? 
	After introducing the point, add information briefly in two, three, or, at the most, four sentences. Use markers like the ones below to construct long, well-balanced sentences.

Anyway,...; Naturally,...; Of course,... 
Similarly, ... ; Surprisingly, ,.,; Remarkably, ... 
Despite,...; However, ...; Although,...; Whereas... 
Consequently, ... ; In addition,..,; Moreover,...; Furthermore, ... 
Incidentally, ... ; By the way, ... ; It's worth noting that...  

	How do I finish? 
	Conclude the presentation by briefly summarizing what you have said, or the points you have made. You could end by asking for comments or questions.

In conclusion,... ; To sum up,... 
So, remember that……..is all about…….
So, there are three things to remember about__ 
Does anybody have any questions? 


Appendix II
Glossary of Terms

chip – a piece of semiconductor wafer containing the entire circuit

die – a single piece of semiconductor containing entire integrated circuit chip, which 

has not yet been packaged

dielectric – a polaricable medium, usually an insulator

field effect transistor – a class of transistor in which current flows from a source to 

a drain via a channel whose resistance can be controlled by applying a voltage to a 

gate

ferroelectric – ferroelectric materials (typically oxides) have a spontaneous electric

polarization in the absence of an applied field that can be reversed by application of 

a potential field. All ferroelectric crystals are simultaneously pyroelectric and 

piezoelectric as well

gate – one of three electrodes of a field effect transistor. The gate is the connection

that is used to control the behavior of the transistor by varying the voltage (or 

current) through it 

integrated circuit (IC) – a chip that contains electrical components such as

transistors, resistors, and capacitors connected by wiring, to form a circuit designed 

to perform some specific task or tasks 

integrated sensor – a sensor that is integrated with signal processing circuits in a

single package (usually a silicon chip)

micromachine – micromachines are composed of functional elements only a few

millimeters in size and are capable of performing complex microscopic task

microsystem – an intelligent miniaturized system comprising sensing, processing 

and/or actuating functions integrated onto a single chip or multi-chip hybrid

N-type silicon – silicon that is negatively charged is doping with an element, such 

as boron, which contains an extra electron. The extra electron enables electric 

current to flow through the material

p-n junction – a junction formed between layers of p-type semiconductor and n-

type semiconductor. The junction forms a potential barrier at the interface.

p-type silicon – silicon doped with an element containing one fewer electron in its 

outer layer, like phosphorous. When combined with silicon, phosphorous takes an 

electron from the outer ring of the silicon, leaving an electron hole which enables 

electric current to flow

sacrificial layer – a layer of material that is deposited between structural layers for 

mechanical separation and isolation. This layer is removed during the release etch to 

free the structural layers and allow mechanical devices to move relative to the 

substrate

semiconductor – a crystalline solid that behaves somewhere between a conductor

(like iron) and an insulator (like glass). Semiconductors are the raw materials used 

in active electronic and optical devices

structural layer – a layer of material that forms physical structure on a substrate. A 

structural layer is releasable when a sacrificial layer separates it from substrate

substrate – a base material, typically a semiconductor, on which a second material 

is to be deposited or absorbed

vertical aspect ratio – the ratio of the height or depth of a mechanical structure 

perpendicular to the substrate to the width of the substrate

work function – the minimum energy required for an electron at the Fermi energy 

of a conductor to escape from the conductor
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