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AHHOTAIIUA

Hacrosimass ~ yueOHO-MeToamueckass — pa3pabotka  «MUKpPOAJIEKTPOHUKA.
WHTerpanbHple  CXeMbl.  ODJEMEHTbI, HCIHOJIb3yeMble B  MHKPOSJIEKTPOHHUKE)
npeaHa3HavueHa aJig padoThl CTyAeHTOB 4 Kypca cnenuaibHocTu 210308, Basiteie aiis
pa3paboOTKu TEKCThl W3 ydeOHbIX mocobuit «Pacckaspl 00 anektponuke» JLII.
3aiteBoit, O. I'. UynpeiHoi, a Takxke U3 y4. mocodus «OCHOBBI KOMIBIOTEPHOU
rpamoTHOCTH» B.A. PanmoBensi, sBisieTcss OCHOBHOM 4acThl0 y4eOHOTO MaTepuala,
U3y4aeMoro CTyJeHTaMH IO JaHHOU Teme, U paccuutad Ha | cemectp (14 yueOHBIX
3aHsATUl). Tak KaKk ynmoMsHYTbIe TOCOOUS MpeaHa3HAYEHBI I u3y4yeHus Ha 4 Kypce,
MIOATOMY CUMTAI0, YTO HIKEYKA3aHHBIE TEKCThI C IMOCIEAYIOIIUMH YIPA)KHECHUSIMU
COOTBETCTBYIOT YPOBHIO ITOATOTOBKHU CTY/IEHTOB.

Hauunas paboTy, Xouy OTMETUTh, YTO TEKCTHI MPO(heCcCCUOHATHHO HAIPaBIEHBI,
U, ECTECTBEHHO, 0€3 3HaHMI (U3MKHU 00I1e00pa30BaTEIBHOIO Kypca U CleHUaTbHbBIX
MPEAMETOB MOTYT BO3HHUKHYThH SI3BIKOBBIE TPYIHOCTH W TPYIAHOCTH MepeBonaa. Bo
n30ekaHue ATUX TPYAHOCTEH MpeaycMOTpeHa Mod3TanHas padoTa ¢ TEKCTaMH, Pl
YOPAKHEHUA U 33JaHUM 11 UX MOCIEAO0BATEIbHOIO pa3dopa IO 4YacTAM, a TaKkKe
BBISIBJICHUS CYTH M KPATKOT'O U3JI0KEHUS HAa U3yYaeMOM SI3bIKE.

VY4eOHo-MeToInYEeCKOe TOCOOUe BKIIIOYAET B ceOsl:

"  TEKCTBI «PazButne AIEKTPOHUKH, «MHUKpPO3JIEKTPOHHUKA U
MUKPOMUHHUATIOpU3aLus», «MHUKpPO3JIEKTpOHUKaY», «HHTEerpaibHble CXEMbD,
«KpeMHHMII ¥ TEpCHEKTUBBI MOJYNPOBOJHUKOBOM TexHOJorum», «GaAs
(apcenun rayums) U €ro IpUMEHEHHUEY;

" CIHCOK JIEKCUKH, KOTOPYIO HEOOXOIMMO 3HAaTh CTYAEHTaM W HCIOJb30BaTh B
peuu;

" TpaMMaTUYECKHUE YNPAKHEHUS;

"  YCTHO-PEYEBbIE 3aJJaHUS;

" [PUIOKEHHS, KOTOPbIE BKIIOYAIOT B ce0sl aHAJIOTMYHbIE TEKCTHI MO 3aJaHHOU

TEMC.



Bce mocneTekcToBbie 3a1aHusI COCTABIEHBI aBTOPOM Pa3pabOTKH, CIUCOK JIGKCUKU
TaKke noJ00paH aBTOPOM.

[TpuMmeHeHre MaHHOW pa3paOOTKH Ha MPAKTHKE MOMOTAaeT PEUINTh MOCTaBICHHBIC
3aJa4M, a UIMEHHO:

v’ pa3BUBaTh HaBBIKH YTEHHUS TEKCTA M €T0 OHHMAHUE,

v’ UCIOJIB30BaTh HABBIK YTE€HHS M3YYaIOIIEr0 U IIOMCKOBOTO XapaKTepa;

v pa3BHBaTh JUAJOTHYECKYIO K MOHOJOTHYECKYIO PEUb;

v’ pasBHBAaTh JOTHYECKOE MBIIUICHUE CTYIECHTOB;

v’ 3aKpeIuIsITh TPaMMaTHYECKHE HaBBIKH, IIOJYYEHHBIE B IPOIIECCE 00yUYECHHS.
Matepuan mocoOusi pacCuMTaH Ha CpPEAHETO CTyIEHTa, a IpH HaJJIekKalleM
U3YYCHUU JOCTYNEH TOHMMAHUI0 ¢ MBIIUICHUIO KaXKJIOTO U3 CTYACHTOB,
HaxojsmemMcs Ha 4 kypce oOydyeHUs B cpelHeM MpodeCCHOHAIBHOM Yy4eOHOM
3aBeieHUH. Pa3paboTka COOTBETCTBYET YCTaHOBKAM IPOrPAMMBI 10 AHTIMHCKOMY
S3BIKY, @ TIOCJIEIOBATEIbHOCTh MMOJOOPAHHBIX 3alaHU KMEET JIOTUYECKYIO

HarpaBJICHHOCTb, COOTBCTCTBYIOIIYIO JIOTUKC PA3BUTHUS I[aHHOﬁ oTpaciiu.

IIpenonaBarens Mapaps M. A.




Development of Electronics

. Look through the words and word combinations; then look for them in the Text 1:

. applied physics — npuknagHas pusuka

. generation [d3ana’reifon] — cozmanue, popmMupoBaHue, BHIpabOTKA

. scientific research [saion tifik ri’so:t[] — HayuHBIC UCCIIETOBAHMS

. due to efforts ["dju: to 8o efots] — Gmaromapst ycunusam

. manipulation [manipju’leifn] — ynpasienne, o6padboTka, mpeodpazoBaHUE

. to replace vacuum tubes — 3aMeHSITh JIEKTPOHHBIC JIAMITBI

. a piece of semiconductor [ "semikon’dakto] — mosynmpoBOTHUKOBBINA KPUCTAILI

. reduced weight [r1"dju:st'weit] — yMeHBIIICHHBIHN BecC

. power consumption [ paus kon’samp/n] — notpedienue (pacxo/) IMEKTPOIHEPTHH
10. to carry out [ 'Keeri aut] — BEITIOJHSTH, OCYIIECTBIIATH

11. solid body — TBEp0€ TEMO, KpHCTAII, TOJYPOBOIHUK

12. to respond [ri’spond] — pearupoBaTh, OTBEUYATh

13. at a rate — co CKOpOCThIO

14. integrated circuit (IC) [into"greitid sa:Kit] — mHTErpampHas cxema

15. batch processing [ baet/ prou’sesin] — makerHas oOpadoTka

16. to assemble [o"sembl] - cobupaTh, MOHTHPOBATH

17. to lower manufacturing [ "lous monju faektfarin] — CHU3UTH TPON3BOIUTECIIEHOCTD
18. to increase reliability [ ‘inkri:s rilaia biliti] — yBenu4uTh HaI€KHOCTD

O 00 O U1~ WN -

1. Read the text and say what electronics studies and what inventions were assisted in
its development:

Text 1. Development of Electronics

Electronics is a field of engineering and applied physics dealing with the design
and application of electronic circuits. The operation of circuits depends on the flow of
electronics for generation, transmission, reception and storage of information.

Today it is difficult to imagine our life without electronics. It surrounds us
everywhere. Electronic devices are widely used in scientific research and industrial
designing, they control the work of plants and power stations, calculate the trajectories
of spaceships and help the people discover new phenomena of nature. Automatization
of production processes and studies on living organisms became possible due to
electronics.

The invention of vacuum tubes at the beginning of the 20" century was the
starting point of the rapid growth of modern electronics. Vacuum tubes assisted in
manipulation of signals. The development of a large variety of tubes designed for
specialized functions made possible the progress in radio communication technology
before the World War Il and in the creation of early computers during and shortly after
the war.

The transistor invented by American scientists \W. Shockly, J. Bardeen and W.
Brattain in 1948 completely replaced the vacuum tube. The transistor, a small piece of
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a semiconductor with three electrodes, had great advantages over the best vacuum
tubes.
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It provided the same functions as the vacuum tube but at reduced weight, cost,
power consumption, and with high reliability. With the invention of the transistor all
essential circuit functions could be carried out inside solid bodies. The aim of creating
electronic circuits with entirely solid-state components had finally been realized. Early
transistors could respond at a rate of a few million times a second. This was fast
enough to serve in radio circuits, but far below the speed needed for high-speed
computers or for microwave communication systems.

William Bradfard John Bardeen Walter H(?uscr
Shockley Brattain

The progress in semiconductor technology led to the development of the
integrated circuit (IC), which was discovered due to the efforts of John Kilby in 1958.
There appeared a new field of science — integrated electronics. The essence of it is bath
processing. Instead of making, testing, and assembling discrete components on at a
time, large groupings of these components together with their interconnections were
made all at a time. ICs greatly reduced the size of devices, lowered manufacturing
costs and at the same time they provided high speed and increased reliability.



I11. Look through the text once more. Answer the questions, using the information
from the text:

1. What is electronics? 2. Can you imagine modern life without electronics? 3. Where
are electronic devices used? 4. What was the beginning of electronics development? 5.
what made the progress in radio communication technology possible? 6. What is the
transistor? 7. When was the transistor invented? 8. What aim was realized with the
invention of the transistor? 9. When were integrated circuits discovered? 10. What
advantages did the transistors have over the vacuum tubes?

1VV. Guess the meaning of the international words and word combinations:

Electronics; electrons; physics; information; microelectronics; industrial design; to
calculate the trajectories; phenomena of nature; automatization of production
processes; organisms; vacuum tubes; specialized functions; progress in radio
communication technology; transistor; electrode; components; to realize;
communication system; technology; discrete components; chip.

V. Find in the text English equivalents of the next word combinations:

[Mpuxmagnas ¢usuka; nepenada U NpuéM HHPOPMAIMH; MOTOK 3JIEKTPOHOB; TPYIHO
NPE/ICTaBUTh; HAYYHBIE UCCIIEIOBAHUS; MPOMBIIINIEHHOE IPOEKTUPOBAHNE; BBIUYUCIIATD
TPACKTOPHI0 KOCMUYECKUX KOpalieil; oOHapyKMBaTh SIBICHHS MPUPOJBI; Ojarogaps
3JIEKTPOHMKE; OTIPaBHAs TOYKA; CIOCOOCTBOBATH YIPABICHUIO CUTHAJIAMH; OBICTPHIi
pocT; pazHooOpasue JamIl; CO3JIaHHE NEPBBIX KOMIBIOTEPOB; MOJHOCTHIO 3aMEHMI;
MOJyIPOBOJHUKOBBIM ~ KPHUCTal; YMEHBIIUTH BEC; COKPaTUTh CTOMMOCTB;
noTpeOJeHNE ANEKTPOIHEPTUN; BBICOKAs HaAEKHOCTb; TBEPAOTENIbHbIE KOMIOHEHTHI;
JOBOJIBHO  OBICTPO,... HO TOpa3g0 HUXKE; BBICOKOCKOPOCTHONH KOMIIBIOTED;
MUKPOBOJHOBBIE CHCTEMBI CBSI3H; MOJYIPOBOJIHUKOBAs TEXHOJOTHUS; 00JIAaCTh HAYKHU;
WHTErpajibHasl CXeMa; MakeTHas o0paboTka; cOopka MMCKPETHBIX KOMIIOHEHTOB Ha
KpHUCTaJIJIe; CHU3UTh IPOU3BOJCTBEHHBIE 3aTPaThl; 00ECIEUUTh BHICOKYIO CKOPOCTb.

V1. Translate the next chains of words. Remember that firstly you should translate the
second word:

Power consumption; power consumption change; signals manipulation; transistor
invention; circuit functions; communication systems; data processing system;
integrated circuit development; process control; automatization processes control,;
circuit components; size reduction; electronics development; communication means;
problem solution; space exploration; pattern recognition; customers accounts; air
traffic control.



VII. Learn the terms of the Text 2:

1. performance [pa’fo: mans] — paGoyast XapakTepHUCTHKA; TaPaMETPhL;
TIPOM3BOIUTEIILHOCTD; OBICTPOJICHCTBUE;

2. to predict [pro’dikt] — mporno3upoBarts;

3. capability [keipa” biliti] — cmoco6HOCTH; BO3MOXKHOCTB;

4. branch of science [ 'bra:ntf ov * saions]| — 001aCcTh HayKH;

5. to embrace [im breis] — oXBaThIBaTh,

6. circuit assembly [ "so:kit o’sembli] —cOopka cxembr;

7. film technique [ film tok 'nik] — mnerounas rexxomorus (Mero, crocoo);

8. invisible to unaided eye — HeBUAMMBIH HEBOOPYKEHHOMY TJIa3y;

9. to react [ri"&kt] — pearupoBaTs;

10. speed of response — ckopocTh peakiuu (OTKJIHKA);

11. advantage / disadvantage [od va:ntid3] — mpeumyIecTBo/ HEAOCTATOK;

12. benefit ["benafit] — monw3a; momoraTs;

13. to result from [ri"zalt from] — Bo3HMKaTh, MPOUCXOAUTH B PE3YJIbTATE;

14. packing density [ "'pakin "densiti] — TuIOTHOCTH yITaKOBKH;

15. small-scale integrated circuit — manas uaterpansHast cxema (MUC);

16. medium-scale IC — cpennsist unterpansHast cxema (CHUC);

17. large-scale IC — 6onpmiast uaterpansHas cxema (BHC);

18. very-large-scale 1C — cBepx06oibinas naterpanbaas cxema (CBHUC);

19. fineline ["fainlain] — mpenM3MOHHEII; ¢ AIEMEHTaMH YMEHBIICHHBIX Pa3MEPOB.

20. transmission line — muHMs nepenayu;

21. waveguide ['weivgaid] — BoaHOBOS;

22. to emerge [i’'moa:d3] — mOSBIATHCS, BO3HUKATH;

23. to displace — mepemernarh, cMeIaTh;

24. mode — BHI, METOJ, CITOCO0; PEXKUM padOTHI;

25. pattern — ma60H, o6pa3elr; oopa3, n300pakeHueE;

26. power [’paus] — MOIIIHOCTh, PHEPTHSsl, MTUTAHUE; TIPOU3BOIUTEIHLHOCTD,

OBICTpOJICHICTBHE; CIOCOOHOCTh, BO3MOYKHOCTb.

VIIlI. Read the Text 2 and say what are the terms ‘“microelectronics” and
“microminiaturization’ in yvour understanding. Translate the Text 2:

Text 2. Microelectronics and microminiaturization

The intensive effort of electronics to increase the reliability and performance of
its products, while reducing their size and cost, led to the results that hardly anyone
could predict. The evolution of electronic technology is sometimes called a revolution:
a quantitative change in technology gave rise to qualitative change in human
capabilities. There appeared a new branch of science - microelectronics.

Microelectronics embraces electronics connected with the realization of
electronic circuits, systems and subsystems from very small electronic devices.
Microelectronics is a name for extremely small electronic components and circuit
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assemblies, made by film or semiconductor techniques. A microelectronic technology
reduced transistors and other circuit elements to dimensions almost invisible to
unaided eye. The point of this extraordinary miniaturization is to make circuits long-
lasting, low in cost and capable of performing electronic functions at extremely high
speed. It is known that the speed of response depends on the size of transistor: the
smaller the transistor, the faster it is. The smaller the computer, the faster it can work.
One more advantage of microelectronics is that smaller devices consume less power.
In space satellites and spaceships this is a very important factor.

Another benefit resulting from microelectronics is the reduction of distances
between circuit components. Packing density increased with the appearance of small-
scale integrated circuit, medium-scale IC, large-scale IC and very-large-scale IC. The
change in scale was measured by the number of transistors on a chip. There appeared a
new type of integrated circuits, microwave integrated circuit. The evolution of
microwave IC began with the development of planar transmission lines. Then new IC
components in a fineline transmission line appeared. Other more exotic techniques,
such as dielectric waveguide integrated circuit emerged.

Microelectronic technique is continuing to displace other modes. Circuit patterns
are being formed with radiation having wavelength shorter than those of light.

Electronics has extended man’s intellectual power. Microelectronics extends that
power still further.

IX. Look through the text once more. Answer the questions, using the information
from the text:

1. What would you say about electronics? 2. Why is the development of electronics
called a revolution? 3. What is microelectronics? 4. What techniques does
microelectronics use? 5. What is the benefit of reducing the size of circuit elements? 6.
What do you understand by the term of microminiaturization? 7. What does the speed
of the signal response depend on? 8. What advantages of microelectronics do you
know? 9. What scales of integration are known to you? 10. How are microelectronics
techniques developing?

X. Find in the text English equivalents of the next word combinations:

MHTEeHCUBHBIE YCWIINS; YBEJIWYUTh HAJAECKHOCTh; YBEIIMUNUTh MTAPAMETPhl; YMEHBIIUTh
pa3Mep U CTOMMOCTD; BPsIJl JIM KTO-HUOYh MOT MPOTHO3UPOBATh; KOJIUYECTBEHHBIE U
KAUYECTBEHHbICE  W3MCHEHMS; o0JacTp  HayKW; IJIEHOYHAS  TEXHOJIOTUS;
MOJIYIIPOBOJHUKOBBIM METOJI; COKPAIATh AJIEMEHTHI CXEMBbI; CYTh MUHUATIOPU3ALUN B
TOM, YTO; CO3J]aTh CXEMbI C OJITUM CPOKOM CIIY>KObI; YpE3BbIYAHO BBHICOKAsI CKOPOCTh
peaxkiuy; YeM MEHbIIIEe, TeM ObICTpee; MPEUMYIIECTBO; PACX0I0BaTh YIHEPTHIO; MOJIb34;
YMEHBILIEHUE PACCTOSHUS MEXKIY 3JIEMEHTaMH CXEMbI; OOJIbIllas HHTErpaJibHasl CXeMa;
MHKPOBOJIHOBAsl ~ MHTETPaJbHAsl CXEMa; BOJIHOBOJX; JIMHMA IIepelady; CMeElaTh;
U300paKeHHE CXeM; PaCIIUPATH BO3MOKHOCTH YEJIOBEKA.



XI. Translate next words. Pay attention to negative prefixes dis-, in-, un-, non-, ir-:

dis-: disadvantage; disconnect; disappear; disclose; discomfort; discontinue;
discount; discredit; disintegrate;

In-: invisible; inaccurate; inactive; incapable; incompact; insignificant; inhuman;
informal; ineffective; indifferent; indecisive; inconsumable; incorrect.

un-: uncontrollable; unbelievable; unable; unchanged; uncomfortable;
uncommunicative; undisciplined; unexpected; unfavorable; unforgettable; unkind.

non-: non-effective; non-aggressive; noncomparable; non-computable;
nonconstant; noncontrollable; nondigital; nondimensional; nonprogrammable;

nonusable.

XI11. Remember: IPassive Voice - to be + V3

a) Find 5 sentences in Passive Voice in the Text 1, and 4 sentences — in the

Text 2. Translate the sentences.

b) Transfer the next sentences from Active Voice into Passive Voice. Follow the

model:

1 2 3
Model: People widely used electronic devices. (Active Voice)

Electronic devices are widely used by people. (Passive Voice)
3 2 2 1

1. Electronic devices control the work of power stations. 2. They calculate the
trajectories of spaceships. 3. People discover new phenomena of nature due to
electronic devices. 4. Scientists designed a variety of tubes for specialized functions. 5.
American scientists invented the transistor in 1948. 6. Integrated circuits greatly
reduced the size of devices. 7. New types of integrated circuits increased packing
density. 8. Electronics has extended man’s intellectual power. 9. Scientists are looking
for new ways for the improvement of integrated circuits technology. 10. Jack Kilby

developed the concept of integrating device and built the first IC in 1958.
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XI111. Read the next text, give the title to it and do its written translation by variants:

1. It is well known that the quick development of electronics began with the
invention of transistors. They replaced electronic tubes due to their numerous
advantages. One of the main advantages of the transistors in comparison with the
vacuum tube is absence of filament power loss*. One of the principal causes of
damages in electronic circuitry is high temperature. The heat causes breakdown of
tubes and other circuit elements that are very sensitive to this influence. The transistor,
on the other hand, does not the heat its surroundings.

Another advantage of the transistor is its long life. The life of the average
transistor is more than ten thousand operating hours. Because of its long lifetime and
ruggedness, the transistor is very reliable and has much better efficiency in
professional equipment.

2. As we know, transistors replaced electronic tubes due to their numerous
advantages. One of the advantages of the transistors is its small dimensions. Because
of their small size, the absence of heating and other properties, transistors make it
possible to produce compact, small-dimensioned electronic devices which consume
very little power.

In conclusion, it is important to note that transistors revolutionized many fields
of technology. They are successfully used for direct information of heat energy by
means of thermal elements. They are also used to convert radiant energy into
electricity with the help of photocells or solar batteries. Light sources and lasers are
built on the basis of transistors. They find wide application in computers, automatic

devices, aviation, communication, etc.

Notes

* Filament power 10SS — oTCcyTCTBHE SHEPTUH HA HUTH HaKasia
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TESTS

1. Choose the right verb in the necessary Voice: Active or Passive.

1. Electronic devices (help; are helped) people discover new phenomena of nature. 2.
The transistor (replaced; was replaced) by vacuum tubes thanks to its numerous
advantages. 3. Due to transistors all circuit functions (carried out; were carried out)
inside semiconductors. 4. Electronic devices (use; are used) in scientific research. 5.
Before the invention of the transistor its function (performed; was performed) by
vacuum tubes. 6. The reliability of electronic systems (connect; is connected) with the
number of discrete components. 7. Semiconductor integrated circuits (helped; were
helped) to increase reliability of devices. 8. New types of integrated circuits (have
developed; have been developed) lately.

2. Insert the necessary words:

1. Transistors have many over vacuum tubes.

a) patterns; b) advantages; c) scales.

2. They very little power.

a) consume; b) generate; c) embrace.

3. An integrated circuit is a group of elements connected together by some

circuit technique.

a) processing; b) assembly; c) manipulation.

4. The transistor consists of a small piece of a with three electrodes.

a) diode; b) conductor; Cc) semiconductor.

5. Modern began in the early 20" century with the invention of electronic
tubes.

a) miniaturization; b) electronics; ¢) microelectronics.

6. John Fleming was the the first two-electrode vacuum tube.

a) generator; b) receiver; C) inventor.

7. One of the transistor advantages was lower power in comparison with

vacuum tubes.
a) consumption; b) reception; c) transmission.
8. Microelectronics greatly extended man’s intellectual

a) subsystems; b) capabilities; c) dimensions.
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Microelectronics

|. Translate the next sentences paying attention to the ways of verbs’ translation in
Passive Voice:

1. This technology is referred to as microelectronics. 2. The electron tubes have been
replaced by solid-state devices. 3. The elements of the circuit are integrated on a chip
of silicon. 4. Circuit elements are interconnected by vapour metallization. 5. With new
technologies 300 processing operations are reduced to 30. 6. The silicon must be sliced
into paper-thin wafers. 7. The wafers must be lapped and polished on one side. 8. The
wafers are polished several times. 9. The highly polished silicon is placed in an oven.
10. The wafer has been uniformly doped.

I1. Read the Text 3 and answer the question: What electronic devices have been
replacing each other for 30 years of electronics development?

Text 3. Microelectronics

Microelectronics is the technology of constructing electronic circuits and devices
in extremely small packages by various techniques. *This technology is also referred
to as microminiaturization.

The increasing complexity of electronic systems over the past 30 years has made
the evolution of microelectronics inevitable!. During this period the electron tubes in
the early electronic systems have been replaced by solid-state discrete devices and
integrated circuitry; and these, in turn, are giving way to medium- and large-scale
integrated circuitry™.

Microelectronics today encompasses? thin-film, thick-film, hybrid, and integrated
circuit technology. These approaches (and combinations of them) are being applied in
every branch of electronics. Integrated circuits that combine all the elements of a
complete electronic circuit on a single chip of silicon can be produced. The
implications of this in the microelectronic evolution are easily demonstrated. Let us
compare a conventional J/K flip-flop circuit incorporating solid-state discrete devices
and the same type of circuit employing integrated circuitry.

*The conventional circuit would require approximately 40 separate discrete
elements, 200 connections, 40 hermetic seals, and 300 separate processing operations,
with each operation, seal, and connection representing a possible source of failure*.
However, if all the elements of this circuit are integrated upon one chip of silicon, the
number of connections drops to about 14. All circuit elements are interconnected
inside the package by a process known as vapour metallization; instead of 40 hermetic
seals there is one, and the three hundred processing operations are reduced to
approximately 30.

*Before the actual fabrication of the integrated circuit begins, the silicon crystal
must be sliced into paper-thin wafers. The wafers must be lapped and polished on one
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side that is to be used for the active elements. Unless special processing is involved,
the back side of the wafer is left in the lapped state.

Both sides of the wafer are lapped simultaneously with an abrasive (usually
aluminium oxide) until all visible traces of the saw cuts are removed*. One side of the
wafer is then polished several times with slurries of abrasive grit3. A grit of smaller
size is used for each succeeding polishing step. Finally, the wafer is chemically etched
to remove any irregularities in the surface resulting from the last polishing step.

The diffusion process begins when the highly polished silicon is placed in an
oven, containing impurity atoms which yield the desired electrical characteristics.
When the wafer has been uniformly doped, the fabrication of semiconductor devices
may begin. Several hundred circuits are produced on the wafer.

Notes

1. inevitable - Hen30exHBIT
2. to encompass - oxBaThIBaTh
3. slurries of abrasive grit — cycnensuu u3 abpa3uBHON KPOIITKH

I11. Translate in a written way the sentences marked *.

IV. Find in the Text 3 the description process of making integrated circuits and
say in Russian of what it consists.

D e

thin-film thick-film

Integrated circuits

|. Read aloud next words and remember their pronunciation:

Diode, triode, resistor, lead, circuitry, thin-film, hybrid, monolithic, substrate, failure.

1. Give Russian equivalents to English words:

a) 1. reliable; 2. interconnection; 3. circuitry; 4. to result in; 5. stage; 6. thin-film; 7.
capacitor; 8. conventional; 9. fidelity.

b) 1. oObruHBIH; 2. TPUBOAMUTH K; 3. TOYHOCTH (M300pakeHUs); 4. KOHICHcATOp; 5.
HaJICKHBIN; 6. KacKkad;, 7. MEKCOeTUHEHHE; 8. CXeMBI; 9. TOHKOMNJIEHOUYHBIM.
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I11. Translate next word combinations paying attention to the function of Participle Il
and the ways of its translation:

The techniques used to manufacture transistors; circuits commonly known as
integrated; interconnecting leads formed on a single piece of a semiconductor material;
the combined functions of several stages; components required for switching circuits;
passive components deposited on a substrate; the package covered with a protective
material; ICs made by a diffusion process.

V. Read the Text 4 and answer the next questions:

1. What have ICs? 2. In what way do ICs classify? 3. What leads for appearing 1Cs? 4.
What fields of using ICs are reminded in the text?

Text 4. Integrated circuits

The techniques used to manufacture transistors led to the possibility of producing
very small and reliable electronics circuits commonly known as integrated circuits
(ICs). ICs have diodes, transistors, resistors, and all interconnecting leads formed on a
single piece of a semiconductor material.

The increasing trend toward miniaturization has resulted in the development of
micro integrated circuitry performing the combined functions of several stages. The
idea of IC envisions the eventual abandonment of the discrete component concept for
electronic circuit!. Instead, a complete functional package is becoming the replacement
item? for technicians.

An IC chip consists of the miniaturized components required for amplifier,
oscillator and switching circuits and is contained in a package smaller than any of the
original components in their conventional form. Integrated circuits are usually
considered in three general classifications: thin-film, monolithic, and hybrid.

Thin-film class uses a nonconductive dielectric substrate such as mica or
ceramics. Passive components such as resistors and capacitors in the form of thin-film
with connecting leads are deposited on the substrate, and the package is covered with a
protective material. This type is more bulky and has a relatively high component-
failure rate.

Monolithic ICs are made by a diffusion process. This class of ICs consists of
semiconductor substrate with circuit components diffused into it. Monolithic ICs used
extensively in computer logic systems are less bulky and more reliable than the thin-
film type.

The hybrid type is a combination of thin-film and monolithic types. In the hybrid
ICs passive components such as resistors are fabricated by the thin-film technique, and
active components such as transistors are included by the monolithic process.

Transistors, diodes, and resistors are relatively easy to integrate, but inductors are
more difficult because of the size usually required for higher values. An IC-module or
chip can contain three or more interconnected stages, and complete electronic systems
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such as amplifiers no larger than a conventional transistor are not uncommon. Colour
TV, radios, high-fidelity audio systems, transmitters, computers and space vehicle?
equipment all utilize integrated circuitry.

Notes

1. The idea of IC... . — Uges UC npexncrapiser co00i OKOHYATEIBHBINA OTKa3 OT
IPUHIMITA UCTIOIh30BAHUS JUCKPETHBIX KOMIIOHCHTOB B 3JIEKTPOHHBIX CXEMaXx.

2. replacement item — 3amMeHsEMBIIA SJIEMEHT

3. space vehicle — kocmuueckuit kopadib

V. Give a characteristic for each of reminded in the text methods of producing
ICs.

Silicon and the prospects of semiconductor technology

|. Read the Text 5 and answer the next questions:

1. What explains the dominant role of silicon in making IC and semiconductor
devices?
2. With what materials is silicon compared?

1. From the Text 5 write out all the reminded names of stuffs and materials.

Text 5. Silicon and the prospects of semiconductor technology

The discovery and development of semiconductors made possible great advances
in electronics. The most important among semiconductors is silicon.

There is a very good reason' why silicon is used to fabricate electronic
components. Next to oxygen, it is the most abundant?> material on the earth’s surface.
More important, it is very easy to grow insulating layers on silicon. But the impulse? to
higher performance faster and denser devices — demands that the industry go beyond’
silicon in both logic and memory development. For silicon is to semiconductor
technology what iron and steel have been to modern metallurgy.

*Already silicon has been superseded® not simply in laboratory experiment but for
commercial production of memory devices with capacities at least four times higher
than anything so far realized with silicon: the magnetic-bubble memory*. Other
technologies which include the use of gallium arsenide and the superconducting
materials of Josephson junctions® are on the horizon. These technologies, however, are
constrained’ at present by processing and operating costs. For example, gallium
arsenide is highly toxic, and insulating layers are also impossible to grow on it. And
Josephson junctions at present must be cooled to near absolute zero the work.
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The dominant role of silicon as the material for microelectronics is attributed to
the properties of its oxide. Silicon dioxide is a clear glass with a softening point higher
than 1,400 degrees C. It plays a major role both in the fabrication of silicon devices
and in their operation.

Notes

1. there is a very good reason — cymiecTByeT yOeAUTEIbHBIN JOBO (apTyMEHT)

2. abundant — umeromuiics B 0OJIBIIIOM KOJMYCCTBE

3. impulse — (31.) TeHACHINS

4. demands that the industry go beyond — tpeGyeTt, 9T00BI MPOMBITIIIEHHOCTH
BBIIILIA 32 TIPEAEIIbl IPUMEHEHHS OTHOTO TOJIBKO KPEMHHUSI

5. to supersede — BBITECHATH, 3aMEIATh

6. Josephson junctions — nmepexox /xo3edcona

7. to constrain — orpaHMYMBAThH

I11. Translate in a written way the sentences marked *.

IV. In the Text 5 find the sentences with complex conjunction “both... and” and
translate them.

V. Ask Tag-questions to the given sentences by model:

Model: Silicon is the most abundant material on the earth’s surface. - Silicon is
the most abundant material on the earth’s surface, isn’t it?

1. It is very easy to grow insulating layers on silicon. 2. Other technologies which
include the use of gallium arsenide. 3. Gallium arsenide is highly toxic. 4. Josephson
junctions must be cooled to near absolute zero. 5. Silicon dioxide is a clear glass.

Application of GaAs (gallium arsenide)

|. Read the Text 6 and give your title to it:

Text 6. Application of GaAs (gallium arsenide)

Monolithic chips have been typically manufactured using a silicon based logic.
Recently, however, much attention has been focused on architectures using GaAs-
based logic.

The advantages of GaAs over silicon include its higher speed, lower power
dissipation and higher resistance to environmental conditions'. These advantages
account for * the growing interest in GaAs for high data rate communications.

Unfortunately GaAs is more expensive, harder to make and produce lower yields
than silicon. The higher cost arises of the material itself and the high density of
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dislocations which account for the lower yield. GaAs will never replace silicon in all
applications, but as a new emerging technology it will open the door to new
applications which silicon could not accomplish.

Notes

1. environmental conditions — yciioBust OKpy»KaroIiei cpeibl

2. to account for — 0oOBSICHATD

*11. Find the coded names applicable in microelectronics. Mind that the name

may be read from up to down, from the bottom to the top, from left to right and across.

Given below limits of the words will help you in your seeking:

Kk I 0 S X m 0 k a W k e X g
m c P r u e g I f S m a p e
S e r [ 0 S [ 0 I I p d n r
i f d f m t m m h I r n e m
I n e p I p n n I v q f d a
i m f q k t f p w e w g I n
C e r a m [ C S X r X h n I
0 W 0 u d 0 p t z n y I e u
n g p f a n a y y m b n S m
0 S n X e k b w 0 S d S r t
a g a I I [ u m m 0 n u a X
Sevnnn.. n,i...... m,g......... m,a...... € Zeeeeennnns m,cC....... s,s....r,1....d
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I11. Using the text’s information fill in the table:

Silicon GaAs

easy to grow insulating | = .......
layers on it
........ high speed

1. Tell about properties of silicon and GaAs, using your filled table.
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Gallium arsenide

Gallium arsenide

Gallium arsenide

Identifiers
CAS number 1303-00-0*
PubChem 14770
ChemSpider 14087 &
EC number 215-114-8
UN number 1557
MeSH gallium+arsenide
RTECS number L\W8800000
Jmol-3D images Image 1
Properties
Molecular formula GaAs
Molar mass 144.645 g/mol
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http://en.wikipedia.org/wiki/File:Gallium-arsenide-unit-cell-3D-balls.png
http://en.wikipedia.org/wiki/File:Gallium_arsenide_crystal.jpg
http://en.wikipedia.org/wiki/CAS_registry_number
http://www.commonchemistry.org/ChemicalDetail.aspx?ref=1303-00-0
http://en.wikipedia.org/wiki/PubChem
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=14770
http://en.wikipedia.org/wiki/ChemSpider
http://www.chemspider.com/14087
http://en.wikipedia.org/wiki/EC_number_(chemistry)
http://esis.jrc.ec.europa.eu/index.php?GENRE=ECNO&ENTREE=215-114-8
http://en.wikipedia.org/wiki/UN_number
http://en.wikipedia.org/wiki/Medical_Subject_Headings
http://www.nlm.nih.gov/cgi/mesh/2007/MB_cgi?mode=&term=gallium+arsenide
http://en.wikipedia.org/wiki/RTECS
http://en.wikipedia.org/wiki/Jmol
http://chemapps.stolaf.edu/jmol/jmol.php?model=%5BGa-%5D%24%5BAs%2B%5D
http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Molar_mass

Exact mass 143.847177329 g/mol

Appearance Very dark red, vitreous crystals
Odor garlic-like when moistened
Density 5.3176 g/lcm®

Mchingipoit 1238 °C, 1511 K, 2260 °F
Solubility in water insoluble

Solubility soluble in HCL

insoluble in ethanol,methanol, acetone

Band gap 1.424 eV (at 300 K)
Electron mobility 8500 cm?/(V"s) (at 300 K)
Thermal conductivity 0.55 W/(cm-K) (at 300 K)
Refractive index (np) 3.8

Structure
Crystal structure Zinc blende
Space group T?-F-43m
Lattice constant a =565.35 pm
Coordination Tetrahedral
geometry
Molecular shape Linear

Hazards
MSDS External MSDS
GHS pictograms % @
GHS hazard statements H301, H331, H410
GHS precautionary statements P261, P273, P301+310,P311, P501
EU classification % \ﬁ

T N

R-phrases R23/25, R50/53
S-phrases (S1/2), S20/21, S28, S45,S60, S61
NFPA 704
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http://en.wikipedia.org/wiki/Lattice_constant
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http://en.wikipedia.org/wiki/MSDS
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http://en.wikipedia.org/wiki/GHS_hazard_pictograms
http://en.wikipedia.org/wiki/File:GHS-pictogram-skull.svg
http://en.wikipedia.org/wiki/File:GHS-pictogram-pollu.svg
http://en.wikipedia.org/wiki/GHS_hazard_statements
http://en.wikipedia.org/wiki/GHS_precautionary_statements
http://en.wikipedia.org/wiki/Directive_67/548/EEC
http://en.wikipedia.org/wiki/File:Hazard_T.svg
http://en.wikipedia.org/wiki/File:Hazard_N.svg
http://en.wikipedia.org/wiki/List_of_R-phrases
http://en.wikipedia.org/wiki/R23/25:_Toxic_by_inhalation_and_if_swallowed
http://en.wikipedia.org/wiki/R50/53:_Very_toxic_to_aquatic_organisms,_may_cause_long-term_adverse_effects_in_the_aquatic_environment
http://en.wikipedia.org/wiki/List_of_S-phrases
http://en.wikipedia.org/wiki/(S1/2):_Keep_locked_up_and_out_of_the_reach_of_children
http://en.wikipedia.org/wiki/S20/21:_When_using_do_not_eat,_drink_or_smoke
http://en.wikipedia.org/wiki/S28:_After_contact_with_skin,_wash_immediately_with_plenty_of_..._(to_be_specified_by_the_manufacturer)
http://en.wikipedia.org/wiki/S45:_In_case_of_accident_or_if_you_feel_unwell_seek_medical_advice_immediately_(show_the_label_where_possible)
http://en.wikipedia.org/wiki/S60:_This_material_and_its_container_must_be_disposed_of_as_hazardous_waste
http://en.wikipedia.org/wiki/S61:_Avoid_release_to_the_environment._Refer_to_special_instructions/safety_data_sheet
http://en.wikipedia.org/wiki/NFPA_704
http://en.wikipedia.org/wiki/File:NFPA_704.svg

ENDWE

X (verify) (what is: +'/X?)

Except where noted otherwise, data are given for materials in their standard state (at 25 °C, 100 kPa)

Gallium arsenide (GaAs) is a compound of the elements gallium and arsenic. It is a lll/Vsemiconductor, and is

used in the manufacture of devices such as microwave frequency integrated circuits, monolithic microwave

integrated circuits, infrared light-emitting diodes, laser diodes, solar cells and optical windows.

Preparation and chemistry

In the compound, gallium has a +3 oxidation state. Gallium arsenide can be prepared by direct reaction from the

elements which is used in a number of industrial processes:

] Crystal growth using a horizontal zone furnace in the Bridgman-Stockbarger technique, in which gallium and

arsenic vapors react and free molecules deposit on a seed crystal at the cooler end of the furnace.

] Liquid encapsulated Czochralski (LEC) growth is used for producing high purity single crystals that exhibit

semi-insulating characteristics.

Alternative methods for producing films of GaAs include: 22!

= VPE reaction of gaseous gallium metal and arsenic trichloride:

2Ga+2AsCl; —» 2 GaAs + 3Cl,

=  MOCVD reaction of trimethylgallium and arsine:

Ga(CHs); + AsH; — GaAs + 3 CH,

=  Molecular beam epitaxy (MBE) of gallium and arsenic:

4 Ga + As, — 4 GaAs
or
2 Ga + As, — 2 GaAs

Wet etching of GaAs industrially uses an oxidizing agent, for example hydrogen

peroxide or brominewater,”! and the same strategy has been described in a patent relating to

processing scrap components containing GaAs where the Ga* is complexed with a hydroxamic

acid ("HA"), for example:=l:
GaAs + H,0, + "HA" — "GaA" complex + HzAsO, + 4 H,O

Oxidation of GaAs occurs in air and degrades performance of the semiconductor. The
surface can be passivated by depositing a cubic gallium(ll) sulfide layer using a tert-butyl

gallium sulfide compound such as (‘BuGas),."!
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Comparison with silicon

GaAs advantages

GaAs has some electronic properties which are superior to those of silicon. It has a higher saturated electron

velocity and higher electron mobility, allowing transistors made from it to function at frequencies in excess of

250 GHz. Unlike silicon junctions, GaAs devices are relatively insensitive to heat owing to their wider bandgap. Also,
GaAs devices tend to have less noise than silicon devices especially at high frequencies which is a result of higher
carrier mobilities and lower resistive device parasitics. These properties recommend GaAs circuitry in mobile
phones, satellite communications, microwave point-to-point links and higher frequency radar systems. It is used in

the manufacture ofGunn diodes for generation of microwaves.

Another advantage of GaAs is that it has a direct band gap, which means that it can be used to emit light efficiently.
Silicon has an indirect bandgap and so is very poor at emitting light. Nonetheless, recent advances may make

silicon LEDs and lasers possible.

As a wide direct band gap material and resulting resistance to radiation damage, GaAs is an excellent material for

space electronics and optical windows in high power applications.

Because of its wide bandgap, pure GaAs is highly resistive. Combined with the high dielectric constant, this property
makes GaAs a very good electrical substrate and unlike Si provides natural isolation between devices and circuits.
This has made it an ideal material for microwave and millimeter wave integrated circuits, MMICs, where active and

essential passive components can readily be produced on a single slice of GaAs.

One of the first GaAs microprocessors was developed in the early 1980s by the RCA corporation and was

considered for the Star Wars program of the United States Department of Defense. Those processors were several

times faster and several orders of magnitude more radiation hard than silicon counterparts, but they were rather
expensive.” Other GaAs processors were implemented by thesupercomputer vendors Cray Computer

Corporation, Convex, and Alliant in an attempt to stay ahead of the ever-improving CMOS microprocessor. Cray

eventually built one GaAs-based machine in the early 1990s, the Cray-3, but the effort was not adequately
capitalized, and the company filed for bankruptcy in 1995.

Complex layered structures of gallium arsenide in combination with aluminium arsenide (AlAs) or the alloy AlGa;.

xAs can be grown using molecular beam epitaxy (MBE) or using metalorganic vapor phase epitaxy (MOVPE).

Because GaAs and AlAs have almost the same |attice constant, the layers have very little induced strain, which
allows them to be grown almost arbitrarily thick. This allows for extremely high performance high electron

mobility, HEMT transistors and other qguantum well devices.

Silicon advantages

Silicon has three major advantages over GaAs for integrated circuit manufacture. First, silicon is abundant and

cheap to process. Si is highly abundant in the Earth's crust, in the form of silicate minerals. The economy of

scale available to the silicon industry has also reduced the adoption of GaAs.

In addition, a Si crystal has an extremely stable structure mechanically and it can be grown to very large diameter

boules and can be processed with very high yields. It is also a decent thermal conductor thus enable very dense
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packing of transistors, all very desirable for design and manufacturing of very large ICs. Such good mechanical

characteristics also makes it a suitable material for the rapidly developing field ofnanoelectronics.

The second major advantage of Si is the existence of a native oxide (silicon dioxide), which is used as an insulator in
electronic devices. Silicon dioxide can easily be incorporated onto silicon circuits, and such layers are adherent to

the underlying Si. GaAs does not have a native oxide and does not easily support a stable adherent insulating layer.

The third, and perhaps most important, advantage of silicon is that it possesses a much higher hole mobility. This

high mobility allows the fabrication of higher-speed P-channel field effect transistors, which are required for CMOS

logic. Because they lack a fast CMOS structure, GaAs logic circuits have much higher power consumption, which

has made them unable to compete with silicon logic circuits.

Silicon has relatively low absorptivity for the sunlight meaning about 100 micrometers of Si is needed to absorb most
sunlight. Such a layer is relatively robust and easy to handle. In contrast, the absorptivity of GaAs is so high that a

corresponding layer would be only a few micrometers thick and mechanically unstable.®!
Silicon is a pure element, avoiding the problems of stoichiometric imbalance and thermal unmixing of GaAs.

Silicon has a nearly perfect lattice, impurity density is very low and allows to build very small structures (currently
down to 25 nm). GaAs in contrast has a very high impurity density, which makes it difficult to build ICs with small

structures, so the 500 nm process is a common process for GaAs.

:rl 4

High-efficiency, triple-junction gallium arsenide solar cells covering the MidSTAR-1 satellite

Other applications

Solar cells and detectors

Another important application of GaAs is for high efficiency solar cells. Gallium arsenide (GaAs) is also known as

single-crystalline thin film and are high cost high efficiency solar cells.

In 1970, the first GaAs heterostructure solar cells were created by the team led by Zhores Alferov in
theUSSR.HIM |y the early 1980s, the efficiency of the best GaAs solar cells surpassed that of silicon solar cells,

and in the 1990s GaAs solar cells took over from silicon as the cell type most commonly used forPhotovoltaic
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arrays for satellite applications. Later, dual- and triple-junction solar cells based on GaAs withgermanium and indium

gallium phosphide layers were developed as the basis of a triple junction solar cell which held a record efficiency of

over 32% and can operate also with light as concentrated as 2,000 suns. This kind of solar cell powers

the rovers Spirit and Opportunity, which are exploring Mars' surface. Also many solar carsutilize GaAs in solar

arrays.
Complex designs of Al,Ga; ,As-GaAs devices can be sensitive to infrared radiation (QWIP).
GaAs diodes can be used for the detection of X-rays.4

Light emission devices
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Band structure of GaAs. The direct gap of GaAs results in efficient emission of infrared light at 1.424 eV (~870 nm).

GaAs has been used to produce (near-infrared) laser diodes since 1962.23

Single crystals of gallium arsenide can be manufactured by the Bridgeman technigue, as theCzochralski process is

difficult for this material due to its mechanical properties. However, an encapsulated Czochralski method is used to

produce ultra-high purity GaAs for semi-insulators.

GaAs is often used as a substrate material for the epitaxial growth of other IlI-V semiconductors including: InGaAs
and GalnNAs.

Safety

The toxicological properties of gallium arsenide have not been thoroughly investigated. On one hand, due to its

arsenic content, it is considered highly toxic and carcinogenic. On the other hand, the crystal is stable enough that

ingested pieces may be passed with negligible absorption by the body. When ground into very fine particles, such as
in wafer-polishing processes, the high surface area enables more reaction with water releasing some arsine and/or
dissolved arsenic. The environment, health and safety aspects of gallium arsenide sources (such

as trimethylgallium and arsine) and industrial hygiene monitoring studies of metalorganic precursors have been
[14]

reported.2#! California lists gallium arsenide as a carcinogen.®!
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FlonynﬂpHaﬂ onbnmoTeka XMMMYECKMUX 3NEeMEHTOB

KpeMHunn

14 Yewm snamenut kpeMuuii? Bo-1epBbIX, 3TOT BJIEMEHT — BTOPOIA 110
pacpoCTpaHEeHHOCTH Ha 3eMJle TIocie KUcaopoaa. Macca 3eMHO# Kopbl 6oJiee

- 9YeM Ha 9eTBepTh — 27,6% — COCTOUT U3 KPEMHHSL.
I B0-BTOpBIX, ATOT IeMEHT — ONMKalIINi aHAJIOT yIJIepoa CO BCEMH, KakK
TOBOPUTCS, BRITEKAIOIIMMH OTCIOJIA TIOCIEICTBUSIMH.

O‘{eBI/II[HO, C OTHUX ABYX TOYCK 3pCHUA U CTOUT paCCMaTpUBATDH erMHI/Iﬁ —
JOCTAaTO4YHO OOBIKHOBEHHBIN H JOCTATOYHO HEOOBIKHOBCHHBIHA 3JICMCHT.

N o B~

3s%3p?

MpupoaHblie coeauHEeHUsA

«IIoka3bIBatOT MHE, — MUCaJ B OJTHOM U3 CBOMX MONYJISIPHBIX KHAT akaneMuk A.E. @epcmaH, — camble
pa3HooOpa3Hble MpeIMEeThI: IPO3pPauHBbIi I1ap, CBEPKAIOLIUI Ha COJHIIE YUCTOTON XOJIOAHOMN
KIIFOUE€BOU BOJIbI, KPACUBBIN, IECTPOr0 PUCYHKA arat, ApKOW UIrPbl MHOTOL[BETHBIN ONaJI, YACTHII
IIECOK Ha Oepery Mops, TOHKYIO, KaK IIeJTKOBUHKA, HUTKY U3 IJIaBJICHOT0 KBaplia WK KapOYIOPHYIO
IIOCYJly U3 HETO, KPACUBO OTPAaHEHHBIE IPYAbl TOPHOI'O XPYCTAJIs, TANHCTBEHHBIN PUCYHOK
(aHTaCTUUECKOH SIIIMBI, OKAMEHEJIOE AEPEBO, IPEBPAIICHHOE B KAMEHb, Tpy00 00paboTaHHBIH
HAaKOHEYHHK CTPEJIbI JPEBHETO YEIOBEKA... BCE OTO OJJHO U TO K€ XMMHYECKOE COCINHEHNE
3JIEMEHTOB KPEMHUS U KACIIOPOJa».

Kak Hu pasHOOOpa3eH 3TOT nepedeHb, OH, KOHEUHO, HE HCUEPITHIBAET MHOT00Opa3Us IPUPOTHBIX
coenuHeHui kpemuusi. Haunem, ogHako, ¢ ynoMsuyTsix. «['py6o oOpaboTaHHBI HAKOHEYHUK
CTpEJIbl IPEBHETO YeNoBeKa» ObUT cpaboTaH M3 KpeMHs. A 4To Takoe kpeMeHb? COBpEeMEHHbIN
YeJIOBEK BHJIE 3TH HAKOHEYHUKH, PABHO, KaK U KPEMHEBBIE PYXKbsi, pa3B€ TOJIBKO B UCTOPUUECKOM
my3ee. «KpeMHn», BCTaBIsieMble B 38KUTAIKA KYPUJIBIIUKOB, HM BHEIITHE, HU 110 COCTaBy HUMAJIO HE
MOXO0XKHU Ha T€ KpeMHHU. BripoueM, MHOTHE U3 HAC B IETCTBE BBICEKAIN UCKPBI, YAApssi KaMEIIKOM O
KaMeIIeK, U CKOpee BCETo, TOT/Ia B HAIIMX pPyKaX OBLIM HACTOSIINE KPEMHHU.

Taxk uto Takoe KpeMeHb? XUMHUK Ha 3TOT BOMPOC OTBETUT OYKBaIbHO 10 depcmany: IBYOKHCH
KpEeMHHUsI, KpeMHe3eM. BO3MOXHO, TP 3TOM T0OABUT, YTO KPEMHE3eM KpeMHsT — aMOp(HBIH, B
OTJINYME OT KPUCTAIUIMUYECKOTO KPEMHE3eMa KBapLEBOIO NECKa U TOPHOTO XPYCTajs, U UTO YacTh
XMUMHKOB CUMTACT KpeMeHb Kpuctautoruaparom mSiO, - nH,0.

["eostor Ha TOT k€ BONPOC OTBETUT MHAYE, HO TOKE B OOIIEM-TO OyTHUYHO: MHHEPAIHLHOE
o0pa3oBaHue, pacpOCTPAHCHHOE U MaJI0 HHTEPECHOE, MJIACTBI U «OKEJIBAKI» KPEMHS OOBIYHO
3aJIeTal0T CPEM U3BECTHSIKOB U MEJIOBBIX OTJIOKCHUH. ..

W nuins ryMaHUTapUi-UCTOPUK OT30BETCS, JOJIKEH OTO3BATHCS, O KPEMHE BOCTOP>KEHHO, 00
MMEHHO KPEMEHb — HEB3PAaYHbIM U HE OYEHb IIPOYHBIA KAMEHb — IIOMOT B CBOE BPEMsI YEJIOBEKY CTATh
Yenosekom. KaMeHHBIN BEK — BEK KPEMHEBBIX OpyAuil TpyAa. [[puunHONi TOMY HE TOJIBKO U HE
CTOJIBKO PACTIPOCTPAHEHHOCTD U IOCTYITHOCTh KPEMHS, CKOJIBKO CIIOCOOHOCTB €T0 MPH CKOJIE
00pa30BbIBaTh OCTPhIC PEXKYIIHE KPOMKH.

OObpaTtumMcs Tenepb K KpUCTAIUIMYECKUM aHAJIoraM KpEeMHS: «KpacuBO OIpPaHEHHBIE TPYIbl TOPHOTO
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XpyCTalIsh», «YUCTHIA MEeCOK Ha Oepery Mopsi»... Pa3Huia Mexx1y HUMH He0OJIb1Ias, 10 CYIIECTBY
JUIIb B pa3Mepax U npumecsx. YucToiil NecoK — 4ncTasi KpUCTAUIMUECKask IBYOKUCH KPEMHUS.
UucTolt BobI TOPHBIN XpyCTallb — TO ke camoe. M uTo ele oueHb BaKHO, 00a 3TH BellecTBa —
MOJIMMEPBI, HEOPTAHUYECKHUE TTOJUMEPHI.

OaHUM 13 HIEPBBIX MPEANOJIOKEHUE O MOJTUMEPHOM CTPOCHHUH IByOKUCH KPEMHHUSI BBICKA3all
Jmutpuii UBanoBuy Mennenee. IMeHHO 3TUM 00CTOSATENBCTBOM OOBACHSI OH HEJETYYECTh U
TYTOIUIaBKOCTH BellecTB coctaBa SiO, wiu, npaBuibHee, (Si0,),. PEHTreHOCTpYKTYpHBIE
UCCJIEIOBAaHUS HAIIMX JHEHW MOATBEPIUIM MPABUIBHOCTD 3TOM TOTaJIKHU. Y CTAHOBJIEHO, YTO
KPUCTAITHYECKUN KpEeMHE3eM IpeIcTaBisieT co00i TpeXMepHBIi ceTuaTslii monumep. Llenouka
KPEMHEKHUCIIOPOJAHBIX TETPA3IpOB OYEHb POYHA, CBSI3b KPEMHUS C KUCIOPOIOM HAMHOTO ITPOYHEE,
YeM, HallpuMep, CBSA3b MEXIAY aTOMaMH YIJIEpoJa B LUEIMAX OPraHUYECKUX IMOJIUMEPOB.
KpeMHeknciopogHpIM LEMsIM XBaTaeT U THOKOCTH, HO B MUPE MUHEPAJIOB OHH 00pa3yIOT KECTKUE
CIUIETEHUS B BUJI€ POCTPAHCTBEHHBIX PEIIETOK U CETOK, KOTOPHIE XPYIIKH, HEMOIATIUBBI IIPU
MexaHu4yeckon 00padoTke. UTOObI KPEMHEKUCIOPOAHBIC LIETIOYKH OCTATUCh THOKUMH, SJTACTUYHBIMU,
UX HY’KHO U30JIMPOBaTh OJIHY OT IPYTrOM, OKPYKUTh IPYTUMH aTOMaMH WM IpynnaMu aTOMOB. JTO
cAeNady XUMUKH, CHHTE3UPOBABIINE MHOIOYMCICHHbIE HBIHE KPEMHUMOPTraHUYEeCKUE OJIMMEPBI,
pedb 0 KOTOPBIX HIbKe. Brpodewm, u mpupoaa fana BeTUKOJISTHBIA 00pa3el] BOJOKHUCTOTO IO
CTPYKTYpE MOJIMMEPHOTO COEUHEHHS KUCIOPOia U KPEMHUS — 3TO acOecT.

KpeMHUn — aneMeHTapHbIN

MpbI yMBILIEHHO OTPaHUYMIIN paccKa3 O MPUPOAHBIX COETUHEHUAX KPEMHHUS TPEMs BEILIECTBAMU U
OJTHUM, IO CYILECTBY, coequHeHrneM. O00 BceM B KOPOTKOM OYEpKe BCE PaBHO HE PACCKaXkKelllb, a
COEJIMHEHUS C KUCIOPOJIOM — CaMble BakKHbIE. BepHeMcs, 0JJHaKO, COOCTBEHHO K KPEMHHIO.

HecMoTpst Ha pacipOCTPaHEHHOCTh B MPUPOJIE, 3TOT JIEMEHT OTKPBUIA CPABHUTENIBHO MO3/IHO. B
1825 T. BRITAIOMIMICS MIBEACKUIT XMMHK 1 MuHepanor Menc SIko6 Beprienuyc cymen B 1ByX
peaKIMAX BBIICTUTh HE OYCHb YHCTHIM aMOp(HBIA KPEeMHHUH B BUJIe KOPUYHEBOTO MOpoIKa. JIJis
ATOr0 OH BOCCTAHOBWJI METAJUTMUECKUM KaJIMeM ra3o00pa3Hoe BEIIECTBO, U3BECTHOE HBIHE KaK
teTpadTopua kpemuus SiF,, 1 kpome Toro, MpoBel Takyw peakiuio: K,SiF, + 4K — 6KF + Si.

HoBrrit a5iemMeHT ObLT Ha3BaH CUIIMITMEM (OT JTATUHCKOTO silex — kpeMeHs). Pycckoe HazBaHuE 3TOTO
AJIEMEHTa MOSIBUJIOCH CITYCTS JIEBATH JieT, B 1834 1.,  OJ1aronoiy4yHo JI0KUJI0, B OTIIMYUE, CKaXKEM, OT
«OypOTBOpay, 10 HAITUX JTHEH.

Kpemnwuii, kak u yriepoj, oopazyer pa3audHble allIoTponndeckre Moaudukanuu. Kpucrammaeckuit
KPEMHHI TaK e Majo MOX0X Ha aMOp(HBIN, KaKk anma3 Ha rpaduT. DTO TBEPJ0€ BEIIECTBO CEPO-
CTaJIBHOTO I[BETA C METAITHYECKUM OJIECKOM U TPAHEIEHTPUPOBAHHON KPUCTATUIMYECKON PEIIeTKON
TOTO K€ TUIIA, 4TO y aiMa3a. Bpodyem, amopHBIN KpeMHUHN, KaK BBISICHHIIOCH, TOKE HE aMOP(HBIH,
a MEJIKOKPUCTAJTNYECKUM.

[1epBEIii MPOMBIIIICHHBIH CITOCOO MPOU3BOJCTBA KPEMHUS, H300pETEHHBIN BO BTOPO MOJIOBUHE

XIX B. u3BectHbIM pycckuM xumukom H.H. bexkeToBsiM, OCHOBaH Ha BOCCTaHOBJIEHUU
geTbIpexxiopuctoro kpemuus SiCl, mapooOpa3HbIM ITUHKOM. TeXHHYECKN YHCThIA KPEMHUH
(95...98% Si) ceifuac moay4aroT TJIaBHBIM 00pa30M BOCCTAHOBJICHHEM KPEeMHE3eMa B AJIEKTPUUECKON
Jyre MexX1y rpaduTOBBIMU 3J1€KTpoaamMu. Mcnoabs3yeTcs 10 CUX Mop W300pETEHHBIH ellle B MPOLUIOM
BEKE CIIOCcO0 BOCCTAHOBIJICHHUSI KPEMHE3eMa KOKCOM B DJIEKTPUYECKHX Meuax. DTOT CIOcoO Takke
JlaeT TEXHUYESCKUI KPEMHUH, HY>KHBI METAJLTYPTUU KaK PACKUCIUTEINb, CBI3bIBAIOIINN 1
YIAISIIOIINAN U3 MEeTaJlla KUCJIOPO/, U KaK JIeTUpyromas 100aBKa, MOBBIIIAIOIIAs IPOYHOCTD U
KOPPO3MOHHYIO CTOMKOCTh CTaJlell U MHOTUX CIJIABOB HAa OCHOBE I[BETHBIX METaIOB. Bripouewm,
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3J1CCh BAXKHO, «HC nepe6opmHTb»: M30BITOK KpPpEMHUS MOKET IIPUBCCTHU K XPYIIKOCTH.

He oromen B mpouuioe u 6eKETOBCKUI cIOCO0 MOTyYeHUsI KpEMHUS (B peaKkLMKM MEKY IapaMu
IIUHKA U TeTPaXJOPUIOM KPEMHHUS — JIeTy4el OeCIIBETHOM KUAKOCTBIO C TEMIIEPATYPOI KUIICHUS
Bcero 57,6°C). ODTo ouH U3 CrIoCOOOB MOTYYEHUS! BBICOKOYMCTOTO MOTYIPOBOJHUKOBOTO KPEMHUS,
0 KOTOPOM OIpE/IETICHHO HAaCIbIIIaHbl YATATEJIN 3TON KHUTH.

[TonararoT, 4To IpHu aOCOTIOTHOM HYJIE HACATIBHO YUCTHIN U UACAIBHO MPABUIIbHBIN
MOHOKPHUCTANIMYECKUN KPEMHUHN JOJHKEH ObITh UJIeaTbHBIM dJIeKTpon3oasitopoM. Ho naeansHas
YUCTOTA TaK e HEAOCTHKUMA, KaK 1 a0COIIOTHBIN HYJb. B Hamiem ciyyae 3To, 4TO Ha3bIBaeTCs, K
n00py. He nieanbHbIiA, a MPOCTO BRICOKOYUCTHIN M CBEPXUUCTHIH KPEMHHH CTaJl BAXKHEHIITMM
MOJIYIIPOBOTHUKOBBIM Matepuaiom. [lpu temneparype, OTIMYHOM OT a0CONMIOTHOTO HYJISI, B HEM
BO3HUKAET COOCTBEHHAS MPOBOJUMOCTbD, IIPUYEM HOCUTEISIMU DIIEKTPUUECKOTO TOKA SBIISIOTCS HE
TOJIbKO CBOOOJIHBIE AJIEKTPOHBI, HO M TaK HA3bIBAEMBIE JIBIPKUA — MECTa, MOKUHYTHIE JIEKTPOHAMM.

BBozst B CBepXUHMCTHII KpEeMHUI T€ WK UHBIE JIETUPYIOIINE J00aBKU (B MUKPOKOJINYECTBAX; OOBIYHO
9TO AEIACTCA C TIOMOILBIO HOHHO-JIyYEBbIX YCTAHOBOK), B HEM CO3/1al0T IPOBOJIUMOCTb TOTO MM
uHOro THuna. J[o6aBKu 3J1EMEHTOB TPEThEH IPyMIbl MEH1€IEEBCKON TaOIUIIBI BEAYT K CO3/JaHHIO
JIBIPOYHOU MPOBOJUMOCTH, @ MATON — 3JEKTPOHHOM. UTO 3HAYaT I HAC CETOAHS MOJYIIPOBOIHUKY,
OOBSICHSTD, BEPOSATHO, U3IHIIHE. PacckaxeMm Jryyliie BKpaTIie O criocobax MoayyeHHs
IIOJIYIIPOBOTHUKOBOTO KPEMHHS.

OnuH U3 3TUX CIOCOOOB YIOMSIHYT BbIIIE. 3aMETUM TOJIBKO, YTO PEAKIHIO BBICOKOYUCTBIX I1apOB
IIMHKA C OYEHb YUCTHIM YETHIPEXXJIOPHUCTHIM KPEMHUEM ITPOBOAAT pu Temmneparype 950°C B
TpyOUaTOM peaKkTope, U3rOTOBJIEHHOM U3 IUIaBJIECHOI0 KBapIia. DIeMEHTapHbIN KpeMHUN 00pa3yeTcs
B BU/JIE UTOJIbYATHIX KPUCTAIIOB, KOTOPBIE TOTOM M3MENIbYAIOT U IPOMBIBAIOT COJISTHOM KUCIOTOM,
pa3zyMeeTcs TOKe BECbMa YMCTOM. 3aTeM CIIEIyeT €Ile OJIHA CTYIIEHb OYMCTKHU — 30HHAs IIaBKa, U
JIMIIB T10CJIE Hee MONMKPUCTAIMYECKYI0 KPEMHUEBYIO MacCy MPEBPAIAlOT B MOHOKPHUCTAILIBL.

EcTp u Apyrue peakuuu, B KOTOPBIX MMOIY4YalOT BBICOKOUYHUCTBIN MOTYTPOBOJHUKOBBIA KpEMHUN. JTO
BOCCTaHOBJIeHUE Bojopo oM Tpuxiopcuiana SIHCI unu uersipexxiiopucroro kpemuus SiCl, u
TEPMHYECKOE Pa3I0KEHNE MOHOCUIIaHa, TuaApuaa kpemuans SiH, unu Terpanonuna Sil,. B mocnennem
Cydae pa3joKeHUE COeAUHEHUs TPOUCXOAUT Ha pazorpeToit 7o 1000°C TaHTaIOBOM JIEHTE.
JlononmHuTENbHAS OYMCTKA 30HHOW IUIABKOM CIEAYET MOCIE KaXKI0M U3 ITUX PEAKIUH.

B monmynpoBoAHHKOBOM KPEMHHUH COJep)aHue mpuMeceit kpaiitne mano — 107°...10°% u maxe
MEHbIIIE.

ApceHng rannusa (GaAs)

Apcenng rannua (GaAs) — XMMUYECKOE COEANHEHME Frannns U Mbllibska. BaxHbin noNynpoBOAHWK, TPETUI MO
MacLiTabam MCrnonb30BaHUSA B NPOMbILLIIEHHOCTM NOCIE KPEMHUSA U repMaHus. Vicnonb3yeTtca ansa cosganns
CBEPXBbICOKOYACTOTHbLIX UHTErparnbHbIX CXEM 1 TPaH3UCTOPOB, CBETOAMOAOB, fla3epHblXx ANOA0B, ANOA0B
[[@HHa, TYHHENbHbIX AM0A0B, (POTOMPUEMHUKOB U AETEKTOPOB AAEPHbIX U3MYyYEHUN.

Oo6uwume
HassaHue apceHug rannus
XvmMmnueckasa popmyna GaAs
BHewHun Bug, TEMHO-cepble KyOM4eckne KpucTanssl
CrpykTtypa
MonekynspHas macca 144.64 aT. en.
[MocTosiHHasa peLléTkm 0.56533 HMm
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Kpuctannuyeckas CTpykTypa LIMHKOBOW 0BGMaHKuM

dusnyeckue
ArperaTHoe COCTOSHME MPU H. Y. TBEpOOE
Touyka nnaBneHus Npu H. y. 1513 K

OneKTPOHHbIe

LnpuHa 3anpeLénHon 3oHbl npy 300 K |1.424 5B

ONEeKTPOHbI, 3ddEKTMBHAA Macca 0.067 m¢

Jlérkne abipkn, adbdekTMBHasa macca 0.082 m¢

Tshkénble ablpkn, acdbdektneHaa macca [0.45 meg

MoagBwxkHOCTL anekTpoHoB npu 300 K 18500 cm?/(B-c)

MoaBwxkHOCTbL Ablpok npu 300 K 400 cw?(B-c)

MpepynpexaneHue

He uccnenoBaHo,

An
nNpoAYKTbl rMaposin3a TOKCUYHbI

MpoaykThbl pacnaga
CsoucTBa

HekoTopble anekTpoHHble cBoicTBa GaAs NpeBOCX0oasAT CBOMCTBA KpeMHMs. ApceHu rannus obnagaet 6onee
BbICOKOW NMOABWXXHOCTBIO 3NIEKTPOHOB, KOTOpas no3sonseT npnbopam paboTtaTtb Ha yactoTax oo 250 M.

MonynpoBogHWkoBble Npubopbl Ha ocHoBe GaAs reHepupyT MEHbLLE LLyMa, YeM KpEMHMEBbLIE NPUOOPbLI Ha TOM Xe
yacTtoTe. N3-3a 6onee BbICOKOW HAMpPsXKEHHOCTU anekTpuyeckoro nomnsa npobos B GaAs no cpaBHeHuto ¢ Si npubopsl 13
apceHuga rannusa MoryTt paboTtaTb npu 6onbLluen MoLHOCTU. 3TK cBoncTBa AenatoT GaAs LUMPOKO UCNONb3yEMbIM B
NonynpoBOAHUKOBBIX Na3epax, HEKOTOPbIX pagapHbIX cuctemax. [NonynpoBoaHMKOBbIE NPUOOPLI HA OCHOBE apceHnaa
rannus umetoT Boree BbICOKYIO paamnaLMiOHHY CTOMKOCTb, YeM KpeMHUeEBbIe, YTO 06yCrnoBnmnBaeT Mx UCNONb30BaHNE B
YCNOBUAX paanaLoOHHOIO U3nyyYeHns (Hanpumep, B CONHeYHblx BbaTapesax, paboTatoLwmx B KOCMOCE).

GaAs — NpsAMO30HHbIM MOYNPOBOAHMK, YTO TakkKe ABNSeTCs ero npenmyecTtsoMm. GaAs mMoxeT bbITb UCNONb30BaH B
I'IpVI60an ONTO3NEKTPOHUKN: cBEeToAunOAaX, NOJaYyNnPOBOAHNKOBLIX JTa3epax.

CnoxHble crioucTble CTPYKTYPbl apceHuaa rannmsa B kKombnHauum ¢ apceHnaom antommHms (AlAs) unm TponHbIMK
pactBopamu Al,Ga; ,AS (reTepOCTPYKTYPbI) MOXXHO BbIpacTUTb C MOMOLLbIO MONEKYNApHO-nyyYeBor anutakcuu (MJ13)
unu MOC-rngpvaHon snuTtakcuu. M3-3a npakTnyeckn ngeanbHOro CornacoBaHus NOCTOAHHbIX PELIETOK CIOM UMEKOT
MarnbleMExaHU4eCcKne HanpsKeHUS U MOTYT BblpalLMBaTbLCA NPOU3BOSIbHOW TOSLLMHBI.

Mo dmanyecknm xapakrepuctukam GaAs — 6onee Xpynkum n MeHee TENNONPOBOAHLIN MaTepuan, YeM KpeMHUN.
Moanoxku n3 apceHnga rannusa ropasfo CrnoXxHee Ansg N3rotoeneHnss 1 NPUMepHo BNATEPO AOPOXE, YEM KPEMHUEBDLIE,
YTO OrpaHNYMBaET NPMMEHeHWe 3Toro MaTepuana.

Tokcnyeckne CBOMCTBa apceHunaa rannus getanbHO He UCCNeAoBaHbl, HO MPOAYKTbl €ro rmaponu3a TOKCUYHbI
(MKaHUEepOoreHHbI)

[MapameTpbl 30HHOM CTPYKTYpbI

B Tabnuue npeacTtaBneHbl HEKOTOPbIE NapaMeTpbl 30HHOW CTPYKTYPbI AN apceHnaa rannus.
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http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B8%D1%81%D1%82%D0%B0%D0%BB%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D0%BD%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BC%D0%B0%D0%BD%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D0%B3%D1%80%D0%B5%D0%B3%D0%B0%D1%82%D0%BD%D0%BE%D0%B5_%D1%81%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A2%D0%B2%D1%91%D1%80%D0%B4%D0%BE%D0%B5_%D1%82%D0%B5%D0%BB%D0%BE
http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%87%D0%BA%D0%B0_%D0%BF%D0%BB%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/Kelvin
http://ru.wikipedia.org/wiki/%D0%A8%D0%B8%D1%80%D0%B8%D0%BD%D0%B0_%D0%B7%D0%B0%D0%BF%D1%80%D0%B5%D1%89%D1%91%D0%BD%D0%BD%D0%BE%D0%B9_%D0%B7%D0%BE%D0%BD%D1%8B
http://ru.wikipedia.org/w/index.php?title=%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD_%D0%B2%D0%BE%D0%BB%D1%8C%D1%82&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%81%D1%81%D0%B0
http://ru.wikipedia.org/w/index.php?title=%D0%9B%D1%91%D0%B3%D0%BA%D0%B8%D0%B5_%D0%B4%D1%8B%D1%80%D0%BA%D0%B8&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BD%D0%B7%D0%BE%D1%80_%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%B9_%D0%BC%D0%B0%D1%81%D1%81%D1%8B
http://ru.wikipedia.org/wiki/%D0%A2%D1%8F%D0%B6%D1%91%D0%BB%D1%8B%D0%B5_%D0%B4%D1%8B%D1%80%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BD%D0%B7%D0%BE%D1%80_%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%B9_%D0%BC%D0%B0%D1%81%D1%81%D1%8B
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D0%B2%D0%B8%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D0%B2%D0%B8%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%94%D1%8B%D1%80%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%AF%D0%B4
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%8B%D0%B5_%D0%BF%D1%80%D0%B8%D0%B1%D0%BE%D1%80%D1%8B
http://ru.wikipedia.org/wiki/%D0%A8%D1%83%D0%BC
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%B5%D0%BC%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/w/index.php?title=%D0%A0%D0%B0%D0%B4%D0%B8%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D1%82%D0%BE%D0%B9%D0%BA%D0%BE%D1%81%D1%82%D1%8C&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D1%8B%D0%B5_%D0%B1%D0%B0%D1%82%D0%B0%D1%80%D0%B5%D0%B8
http://ru.wikipedia.org/w/index.php?title=%D0%9F%D1%80%D1%8F%D0%BC%D0%BE%D0%B7%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BF%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D1%82%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BB%D0%B0%D0%B7%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%90%D1%80%D1%81%D0%B5%D0%BD%D0%B8%D0%B4_%D0%B0%D0%BB%D1%8E%D0%BC%D0%B8%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%82%D0%B5%D1%80%D0%BE%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%BE-%D0%BB%D1%83%D1%87%D0%B5%D0%B2%D0%B0%D1%8F_%D1%8D%D0%BF%D0%B8%D1%82%D0%B0%D0%BA%D1%81%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D1%88%D1%91%D1%82%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5_(%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5)
http://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BD%D1%86%D0%B5%D1%80%D0%BE%D0%B3%D0%B5%D0%BD
http://ru.wikipedia.org/wiki/%D0%97%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%8F

MapameTpbl 30HHOM CTPYKTYpbI GaAs

MapameTp O603HauyeHue 3HauyeHue
[MocTosiHHasA peLléTkm a. ™ 0,565325+O,388-10_5(T—300)
LnprHa 3anpeLiéHHon 30HbI B [-gonuHe Eqr (3B) 1,519
MNapametp BapuwHu a(l) a (N (m3B/K) |0,5405
MapameTp BapuwHu B(IN) B(N) (K) 204
LLnpuHa 3anpeL&HHOM 30HbI B X-00NNHE qu (3B) 1,981
MapameTp BapuwHu a(X) a(X) (maB/K) 0,460
MapameTp BapuHu B(X) B(X) (K) 204
LLnpuHa 3anpeLy&HHOM 30HbI B L-gonvHe EqL (3B) 1,815
MapameTp BapwhHu a(L) a(L) (maB/K) 0,605
MapameTp BapuiHu B(L) B(L) (K) 204
CnuH-opbuTanbHoe pawenneHme Aso 0,341
AdbdekTnBHAs Macca anekTpoHa B [-gonunHe me*(r) 0,067
7. 6,98
[NapameTpsbl JlaTTHHXEPA ’-:"2 2,06
Ts 2,93
ci(MMa) 1221
Ynpyrne KOHCTaHThl cp(MMa) 566
Cqq(l'Ma) 600

ApceHug rannms — XMMMYecKoe CoeguHEeHne rannunsa 1 Mbllbska. BaxkHbI NonynpoBOAHMK, TPETU MO
mMacTtabam WCNofb30BaHUA B MPOMbILSIEHHOCTU MOCIE KPEMHUS U repmaHus. Mcnonbsyetcsa ons
CO3aHNsA CBEpPXBbICOKOYACTOTHbLIX WHTErpasibHbiX CXEM W TPaH3UCTOPOB, CBETOAMOAOB, I1a3epHbIX
amoaoB, AmodoB [MaHHa, TYHHENbHbIX AN0A0B, OTONPUEMHUKOB N ETEKTOPOB SAEPHbLIX U3MNYYEHUN.
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http://4108.ru/
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D1%88%D1%91%D1%82%D0%BA%D0%B8
http://ru.wikipedia.org/wiki/%D0%A8%D0%B8%D1%80%D0%B8%D0%BD%D0%B0_%D0%B7%D0%B0%D0%BF%D1%80%D0%B5%D1%89%D1%91%D0%BD%D0%BD%D0%BE%D0%B9_%D0%B7%D0%BE%D0%BD%D1%8B
http://ru.wikipedia.org/w/index.php?title=%D0%9F%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80_%D0%92%D0%B0%D1%80%D1%88%D0%BD%D0%B8&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%81%D1%81%D0%B0
http://ru.wikipedia.org/w/index.php?title=%D0%9F%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D1%8B_%D0%9B%D0%B0%D1%82%D1%82%D0%B8%D0%BD%D0%B6%D0%B5%D1%80%D0%B0&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=%D0%A3%D0%BF%D1%80%D1%83%D0%B3%D0%B8%D0%B5_%D0%BA%D0%BE%D0%BD%D1%81%D1%82%D0%B0%D0%BD%D1%82%D1%8B&action=edit&redlink=1

HekoTopble anekTpoHHble cBocTBa GaAs NpPeBOCXOAST CBOMCTBA KPeMHUSA. ApceHng rannus obnagaet
©onee BbICOKOM MOABMXHOCTLIO 3NIEKTPOHOB, KOTOpas No3BonisieT npubopam paboTaTb Ha YacToTax Ao
250 .

MonynpoBoaHukoBble MNpubopbl Ha ocHoBe GaAs TreHepupyloT MEHbLUe LWyMa, 4YeM KpeMHMEBble
npubopbl Ha Ton e 4YacTtoTe. M3-3a Gonee BbICOKOW HaMPsSKEHHOCTU aneKTpuyeckoro nons npobos B
GaAs no cpaBHeHuto ¢ Si npubopbl N3 apceHmaa rannmsa MoryT pabotatb npu 6onblUen MOLWHOCTU. OTH
ceoncTtea genatT GaAs LUMPOKO MCMoNb3yeMbiM B NMOSYNPOBOAHUKOBbIX Na3epax, HEKOTOPbIX padapHbIX
cuctemax. [NonynpoBogHMKOBble NPUOOPbI Ha OCHOBE apceHuga rannmst umeroT Ooree BbICOKYH
pagnaunMoOHHYIO CTOMKOCTb, YEM KPEMHMEBbIE, YTO OOYCNOBNMBAET MX WUCMOMb30BAaHME B YCIOBUSX
pagMaumMoOHHOIO U3Ny4YeHus.

GaAs — MpsSIMO30HHbIV MONYNPOBOAHUK, YTO Takke SBMNSETCA ero npeumywiectsoM. GaAs MOXeT ObiTb
MCMNoNb30BaH B NpMbopax ONTO3MEKTPOHMKN: CBETOANOAAX, NOMYNPOBOAHMKOBLIX Na3epax.

CnoxHble crnoucTble CTPYKTYpbl apceHupa ramnmsi B KOMOWHaUMM C apCeHMAoM altOMUHWUST WUNn
TporiHbiMK pacTBopamun Al,Ga; AS MOXHO BblpaCcTUTb C MOMOLLBI MOMEKYMNSPHO-Iy4EeBON 3NUTaKCUn
unn MOC-rugpuagHon anutakcun. 3-3a npakTudeckn naeanbHOro CorfacoBaHMs NMOCTOSHHbBIX PeLIEToK
Crnov UMEKT Marnble MexaHU4ecKme HanpsXKeHUs U MOryT BblpallnBaTbCs NPOU3BOSNIBHON TOMLLUMHBI.

Mo dmsmdeckum xapaktepuctnkam GaAs — 6Gornee Xpynkuii U MeHee TEMonpPoBOAHbLIA MaTepuarn, Yem
KpeMHui. [ognoxknm U3 apceHuaa rannusa ropasgao CrioxHee NS U3roTOBIEHWUS U NPUMEPHO BNATEPO
O0OpoXe, YeM KPEMHUEBbIE, YTO OrpaHU4MBaET NMPUMEHEHWe 3Toro MaTepuana. ToKcMyeckue CBOMCTBA
apceHua rannus getanbHO He UCCNeaoBaHbl, HO MPOAYKThI €ro rMaponmM3a TOKCUYHbI.
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Gallium arsenide crystal
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CBOMCTBA

Oo6uue

Hazpanue apCeHU T TAILTNS

Xumunaeckas Gpopmyina GaAs

Buemnnii Bupg TémHo-cepbie KyOM4eCcKre KPUCTAILTBI
Crpyxrypa

MonexynsapHas
macca

144.64 art. en.

ITocTosiHHas peméTKu 0.56533 um
Kpucraniuueckas cTpykTypa LUHKOBOM 0OMAaHKHU
dusnyeckue

ArperatHoe COCTOSHHE TIPH H. Y. TBEPHOE

Touka 1IaBiIeHUS IIpU H. Y. 1513 K
DOneKTpOHHEIE

[[Inpwuna 3anpeménnoit 30u61 pu 300 K 1.424 5B

DnekTpoHsl, 3PPeKTUBHAS Macca 0.067 m,

Jlérkue npipku, 3hdexTHBHAS Macca 0.082 m,

Tsoxénple nbIpkH, 3G PeKTHBHAS Macca 0.45 m,
IToxBuxHOCTH 51eKTpoHOB pu 300 K 8500 cm?/
IoxsmwxHOCTH AbIpOK Mpu 300 K 400 cm?/
IIpenynpexnenue

He nccnenorano,

s
A MMPOAYKTHI TUAPOJIN3a TOKCUYIHBI

IIponyxTel paciana
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