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Unit I. Texts A. "Preliminary Operations" B. "Epitaxy" C. "Thermal Oxidation"
Grammar Revision: 1. Functions of "that"
2. Degrees of Comparison
Terminology:
1. technology — TexHuka, TexHonorus
technique [tek'nik] -meTon, Texwuyeckuit npuem semiconductor Integrated circuit (IC)
technology — TexHonorus nonynpoBoAHUKOBbIX UHTerpanbHbix cxem (UC)

2. melt n. — nnaeka, nnaenexve, pacnnae

V. - MNaBuTbCA, pacnnaBnsTbCs
3. seed n. — 3aTpaska
V. — UCNonb30BaTh 3aTpasky
4. pull a. — TAra; HaTAXeHUe, pacTsKeHne
V. — TAHyTb, pacTarueath crystal pulling — Bbipawwmsanue kpuctanna METO/0i BbITArMBaHWUS
5. ingot ['ing)t] — (nonynposogHuKkoBbIi) crvTok
single crystal ingot — MoHoKkpucTannuueckuit cnutok
6. rod — cTepxeHb
single-crystal rod — MoHOKpuCTannuyeckwii CTepXeHb
7. wafer [‘'weifa] — nnacTtuna, nnata, nognoxxa
silicon wafer — kpemHeBas nnactuHa
8. substrate — noanoxxa, ocHoBaHue
blank substrate — HeoGpa6oTtaHHas nognoxka
9. saw (sawed — sawn) — pacnunusaTtb
diamond saw blade — auck ¢ anmasHoit pexyLyen KPOMKOIA
10. lap — wnudosars, nonuposars
11. suspension — nogsecka
12. grain — 3epHo
crystal grain — kpucrannur

13. etching — TpaBnexue

14. crystal face — rpaHb kpucranna

15. layer — cnoif, HaHoCUTbL cnoii
16. film — nneHka, ToHkwiA cnoit
17. solvent — pacTtBopuTtens

Preliminary exercises

|. Mpouuraiite u nepeseauTe 6es cnosaps:

process [‘prausas], procedure [pra‘si:dzas], fabrication, typical, cycle, manufacturing, popular,
rotate, orientation, section, stage, diameter [daizmits], mechanical [mi;kenikl], physical, chemical
['kemikl], parallel, characterise, micrometer, cantimeter, maximum [‘meksimam]

ll. HasosuTe npunaratensHbie, ot KoTopbiX 06pa3soBaHb cnegywuwue cnoea. lMNepesegute
UCX0AHblE U NPOU3BOAHbLIE CrOBa.

slowly, simply, generally, gradually, commonly, rigidly, specifically, actually

Ill. OBpasyitTe OT NeHu cpaBHeHus OT Cneaylwmx npunaratenbHbix W nepeseaute ux: low,
important, thin, fine, popular, slow IV. Mepeeeaute cneayiowme cnoga, WUCXOAR M3 3HAYEHUA UX
@HTOHUMOB.

unven, uneveness (even — poBHblii), invisible (visible — BUAMMBIIA), unattainable (attainable —
AOCTWXUMEIA), unachievable (achievabie — AOCTWXWUMbIR), impurity — (purity — uucTwIiA),
decrease (increase — yBenuunsarb)

V. lNpouuTaiite TEKCT A 1 OTBETLTE Ha BONPOCH!:

) Kak passuBanace TexHonorus nonynpoBoaHMKoBbIX WUC. 2) Kakvwe noaroTtoeuTenbHbie
onepauuv nexart B OCHOBE NONYNpPOBOAHUKOBOMN TEXHONOMMM.

Preliminary Operations

1. Semiconductor integrated circuit technology is a logical extension of the development of
transistor planar technology which embodied the prior experience gained in the production of
semiconductor devices, for better understanding of the procedures of IC fabrication, therefore, we
should be familiar with typical manufacturing steps of the entire technological cycle. Hybrid




technology has its historical roots too. It generalised and perfected the film deposition techniques
used earlier in radio engineering, macnine-building industry, and optics.

2. Single crystals of silicon and also other semiconductors are generally produced by the
techniques of crystal growth from the melt, the most propular being the technique of crystal
pulling. For a crystal to be grown, a silicon seed crystal attached to the polling rod is lowered into
contact with the melt and then slowly raised and rotated. The liquid column suspended from the
seed gradually solidities into a single crystal ingot.

3. The crystallographic orientation of the ingot in its cross section is defined by that of the seed.
The standard diameter of crystal rode is at present 80 mm; the maximum diameter can be 120
mm and over. The length can be 1 to 1.5 m, but commonly the rods measure only fractions of this
sice. Silicon ingots are first sawed into wafers, or slices, 0.4 or 0.3 mm in thickness.

4. The surface of blanks is rather uneven; scratches, projections, and pits are far larger in sise
than the potential integrated elements. Before starting with basic technological steps, therefore,
blanks need be repeatedly lapped and polished to produce the smooth and shiny surface. Apart
from removing mechanical defects, the aim of the first stage of lapping made on special
turntables is to bring the blanks to the desired thickness, 200 to 500 mkm unattainable in sawing,
and render the faces parallel to each other. The lapping agent is the suspension of micropowders
chosen for each cycle of lapping in order of decreasing grain size, down to 1 or 2 mkm.

5. The wafers lapped in this stage still have a mechanically disrupted surface layer, a few
micrometers thick, which covers a yet thinner, physically disturbed layer characterised by
"invisible" crystal distortions and mechanical stresses induced in the course of polishing.

6. Finishing polishing is aimed at removing the two disturbed layers and decreasing the surface
unevenness to a level characteristic of optical systems — down to hundredths of a micrometer.
This polishing can be of the mechanical type (polishing with yet finer grained suspensions) and of
the chemical type (etching, of the surface layer with suitable solvents).
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Words to be learnt:

1. to gain experience — npuobpeTtaTtb OnbIT

2. to be familiar with — oaHakomuUTbLCA

3. to attach to — npukpennsTe K

4. to suspend — noaeelUMBaTh

5. to define — onpepenATb

6. to attain — gocturaTs 7. solid — Teepaoe Bewecteo to solidify — 3aTeepaeeats

8. to disrupt — Hapywatb

9. to cover — NoKpbIBaTh

covering — NoKpbIThe

10. to disturb — HapyLwars, MeLuaTtb

11. induce — BbI3bIBaTL, BO3HUKATL

Exercises

VI. NepeseauTe cneayiowue onpeaenuTensHble 6noku CyLIeCTBUTENbHbIX:

semiconductor integrated circuit technology; typical manufacturing steps; entire technological
cycle; diamond saw-blade silicon seed crystal, the blanks of the desired crystallographic
orientation; the aim of the first stage of lapping; etching of the surface layer; physically disturbed
layer.

VII. MepeBeauTe cnepyowue; COBOCOYETAHUS HA aHIMUIACKUIA A3BLIK:

npoueccs! npouasoacTea MC, MOHOKpUCTaN bl KPEMHUS, BbipalluBaHue KpucTanna MeToaom
BbITArMBaHWA, CTEPXEHb C 3aTPABKOW, MOHOKPUCTANNUYECKWi CNWTOK, KpEMHWEeBasi NnacTuHa,
rpaHb Kpuctanna, AWCK C anmasHoW pexylluei KPOMKOW, WnucoBaTb NOBEPXHOCTb, yAaneHue
ABYX HapyLUEHHbIX CNOEeB, TpaBneHue NoBepXHOCTHOro CNOsi PacTBOPUTENSAMM.

VIl MepeBegute npeanoxeHus, obpalyas BHuMaHue Ha yHkuum " that *

that (those TOT, T&, TO, TE
4TO, TO, 4YTO
KOTOpbIiA
3amMeHUTENDb CYLL-TO B €4. U MH. yucne




1. The main task is that the blanks should be repeatedly lapped

and polished to produce the smooth and shiny surface.

2 The wafers have mechanically disrupted surface layers that are characterized by invisible
crystal distortion.

3 That silicon is used in most integrated circuit devices is a well-known fact.

4. This phenomenon is indicated with that mentioned above.

5. Hybrid technology has perfected the film deposition techniques that «ere used earlier in
radio-engineering.

6. It is important that the ingot is fixed at right angles to the diamond saw blade.

7 Itis known that a computer is nothing more than a collection of circuits that do a few simple
tasks, one at a time.

IX. NMepeBeauTe npunararensHbie obpallas BHUMaHWe Ha CTeneHu

CpaBHEHMSA:

more preferable — much more preferable; more popular — much more popular, more
important — much more important; larger — far larger; thinner — yet thinner, finer — yet finer.

X. OTBeTbTE Ha cneayoLme BONpochk!:

1. How is the single crystal of silicon generally produced? Describe this process.
2 What is the method of defining the crystallographic orientation?

3. What is the size of crystal rod?

4. What operations should be done before starting with basic technological steps?
5. What is finishing polishing aimed at ?

6. What are the types of polishing?

XI. MepeBeanTe MUKPOTEKCT.

MOHOKPUCTANNUYECKUE CNUTKM KPEMHWUS NONY4aloT NyTEM KpUCTannusauun us pacnnasa.
Kpuctannorpacguyeckan  OpveHTauus — CnuTka — onpeaensercs KpucTannorpadpuyeckon
opveHTauuel 3aTpasku. CNUTKM KPEMHUS Pa3pesaloT Ha MHOXECTBO TOHKIAX NNacTuH (TONLLMHOM
0,4-0,5 T). Ha KOTOPbIX 3aTeM W3IrOTOBMSAIT UHTErpanbHbie CXeMbl UnU Apyrue npuGopel. Xll.
CocTaBbTe aHHOTaLUUK TekcTa:

Bbigenute Haubonee 3Ha4uMyl0 UHOPMaLUI0 U3 KaxXaoro absaua, o6o6wuTe nony4yeHHble
cBesieHuUs, WUCNonb3yiTe cnoea-knuwe (coobliaeTcs O..., W3naraetcs, NPUBOAUTCA... W T.n.),
w3beraiTe CNOXHbIX NPEANOXEeHWNA.

XIll. PacckaxuTe O NOArOTOBWTENbHbIX Onepauusx, WCnonb3yembiX B TEXHONOTMYECKNX
npoLieccax W3roToBAEHUs NoNynpoBOAHNUKOBbIX ncC.

XIV. NpouuTaitTe TekcT B 3a 4-5 MUHYT 1 OTBETLTE Ha BONPOCHL:

1. Yto Takoe anuTaKkcua?

2. Yo 3aTpyAHAET CO3AaHNe CBEPXTOHKUX U MHOFOCNOMHBIX 3NUTAKCUaNbHbIX CTPYKTYP?
3. Kakue Buaa 3nuTakcun NPUMEHSIOTCA B NPOMBbILLNEHHOCTU?

Epitaxy

1. Epitaxy is the process of growing single crystal layers on substrate, with the crystallographic
orientation of the layer repeating that of the substrate material.

2. At present epitaxial growth techniques are generally used for depositing thin working layers
of a homogeneous semiconductor on a comparatively thick substrate that serves as a bearing
structure. An epitaxial film may differ from the substrate in chemical composition. The process of
growing such films is called heteroepitaxy in contrast to homoepitaxy. Of course, the
heteroepitaxial process, too, must produce the films whose crystal lattice Is the same as that of
the substrate. The process permits growing a silicon film on, say, a sapphire substrate
(candupoBas NOAHOKKA).

3. The boundary between the epitaxial layer and substrate cannot be ideally abrupt because
the impurities partially diffuse from one layer into the other in the course of epitaxy. This involves




difficulties in depositing superthin (less than 1mm) and multilayer epitaxial structures. It is the
single-layer epitaxial growth that plays the leading role at present. This technique has greatly
widened the scope of semiconductor technology: epitaxy can produce homogeneous layers as
thin as 1 to 10 mm, unachievable so far by any other techniques.

4. Let us note that along with vapor phase (gas phase) epitaxy, industry uses liquid phase
epitaxy — the process of growing single crystal layers from the liquid phase, that is, from the
solution containing requisite (Heo6xoaumMble) components.
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XV. Nepeseaute TekcT C co cnosapem 3a 15 MUHYT.

Thermal Oxidation

1. Silicon oxidation is one of the most typical processes In modern IC technology. The process
provides the film of silicon dioxide, SiO2, which serves a few important functions, such as (a)
protection of the surface; (b) a mask defining the windows for introduction of dopants; (c) a thin
insulator under the gate of a MOS transistor.

2. The wide opportunities offered by SiO2 are one of the reasons why silicon has become the
main material for the fabrication of semiconductor ICs.

3. The surface of silicon is inherently coated with an oxide film resulting from natural oxidation
at low temperatures. But this film is too thin (about 5 mm) to be able to perform any of the above
functions, and therefore SiO2 films are grown artificially at high temperatures from 1000 to
1200°C.

4. Thermal oxidation is conducted in the atmosphere of pure oxygen (dry oxidation), in the
mixture of oxygen and water vapors (wet oxidation), or just in water vapors.

5.There are two mechanisms of oxidation. The first includes the following stages: (1) diffusion
of silicon atoms through the natural oxide film to the surface, (2) adsorption of oxygen molecules
by the surface from the gas phase, (3) the oxidation proper, or chemical reaction, which causes a
film to grow over the initial silicon surface. The second mechanism Involves (1) adsorption of
oxygen by the surface of the natural oxide film, (2) diffusion of oxygen through the oxide to silicon,
and (3) the oxidation proper. With the second mechanism, the grows from the surface into the
bulk (Brny6b) of silicon. In practice, both mechanisms act In combination, but the second prevails.
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Unit Il Texts A. "Diffusion methods"
B. "The process of doping in diffusion furnaces".
C. "lon Implantation"

Grammar Revision: dyHkuum rnaronos "to be", "to have".

Terminology

1. diffusion a. — pacceuBaHue, pacnpocTpaHeHune

diffuse — v. pacnbinsTb, pacnpoCTpaHATb, AuddyHApoBaTh

the double or the triple type of diffusion — [lsoiiHas unu TporHas Anddysus
multiple diffusion — mMHorokpaTHasa audcysns

diffusant — awuddysanT, auddyHanpyoLLas NpUMeCH

2. slice n. — TOHKwWiA CNOIA, NONYNPOBOAHWKOBaA nnactuxa, kpuctann (UC)
V. — pe3aTb Ha TOHK1Ee Crnow

5. mask n. — doTowabnoH, Macka, MackupyloLui cnoi

V. — MackupoBaTb

4. bulk — macca, ocHOBHas YacTb, 06bem, nognoxka

5. to dope — neruposaTtb

doping — nerupoeaHue

dopant — nerupyrLyas npumneor.

8. junction — coeavHeHue, nepexoA (p-n)

7. acceptor — akuenTtop

acceptor impurity — akuenTopHas npuMecs B. solubility — pacTsopumocTb




solid solubility — pacTeopumMocTb B TBEpAON hase

Preliminary exercises

|. MpouuTaiiTe U nepeseauTe cneaytowme cnose: total, local, portion, vertical, factor, starting,
material, parameter, temperature, limit, maximum, critical, structure, parralel.

Il. OnpeaenuTe, K KakilM 4acTsM peyu OTHOCATCA Crieaylome Crosa, NnepeseanTe ux:

impurity, selective, layer, lateral, performed, stage, conducting, concentration, solubility,
infinitely, chosen, available, succession, limited, definite, diffused, conductivity

IIl. OBpa3yiiTe OT CEAyILNX [Maronos CyLeCcTBUTENbHbIE U AalTe UX NepeBoa: to introduce,
to produce, to differ, to distribute, to penetrate, to protect, to relate, to dope, to concentrate, to
determine, to limit, to define.

IV. NepeseauTe cneayowue onpeaenuTenbHbie 6noku CyLeCTBUTENbHbIX:

silicon oxide film: thin diffused layer; wafer bulk; wafer plane; diffusion layer thickness; starting
n-type slice; three — layer structure; preceding impurity concentration; chosen impurity; maximum
critical solubility

V. MpouuTaiTe TEKCT A 1 OTBETbTE Ha BOMPOCHL.

1) Kakue CyLLecTBYIOT TUnNbl U BUAbLI Anddy3nin?

2) HazosuTe UCTOYHMKN AnPY3aHTOB.

Diffusion Methods

1. The introduction of impurities into the starting material (a wafer or epitaxial layer) by diffusion
at high temperatures is still the basic method of doping of semiconductors aimed at creating diode
and transistor structures. Diffusion can be total, or overall, and selective or local. In the first case,
diffusion occurs over the entire surface of the slice, and in the second case only in the definite
portions of the slice through the windows in the mask such as the silicon oxide film. 2. Overall
diffusion produces, a thin diffused layer on the wafer surface that differs from the epitaxial layer by
the inhomogeneous distribution of an impurity in depth.

3. In local diffusion, the impurity penetrates not only into the wafer bulk at right angles to the
wafer plane but also spreads over parallel to the wafer plane that is, under the mask. As a result
of this lateral diffusion, the p-n junction portion that extends outward becomes protected by the
oxide. The relation between the depths of lateral and "vertical" diffusions depends on a number of
factors, including the diffusion layer thickness L. The lateral diffusion depth is generally equal to
0.7 L

4. Diffusion can be performed once and repeatedly. For example, in the first stage of diffusion,
it is possible to dope the starting n-type slice with an acceptor impurity to produce a p-layer and
then, ia the second stage, to drive a donor impurity into the p layer to a smaller depth and thus
form a three-layer structure. So diffusion can be of the double and the triple type.

5. In conducting multiple diffusion, one must see tnat the concentration of every new impurity
being introduced exceeds the preceding impurity concentration, otherwise the type of conductivity
will remain the same and, hence, the p-n junction will not be formed. One the other band, the
impurity concentration in eilicon or any other starting material cannot be infinitely large: it has an
upper limit determinated by the parameter called the solid solubility of an impurity.The solid
solubility reaches it's maximum, Nmax, and then starts to fall of.

"6. In the last stage of multiple diffusion, therefore, the chosen impurity must have a maximum
critical solubility. Since the range of available impurity materiels is limited, it is not possible to carry
out more than three diffusions in succession.

The dopants such as boron, phosphorus, and others introduced by diffusion are called
diffusants whose sources are chemical compounds. These can be liquids, solids and gases.
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Words to be learned:

1. to occur — NpouCcXxoAuUTb

2. to spread over — pacnpoCTpaHATLCA NO
3. to determine — onpegenaTb

4, to distribute — pacnpocTpaHaTb




5. to reach — pocTuratb

6. CnyxebHble cniosa: that is — 10 ecTb
otherwise — B NPOTUBHOM Ccny4ae

such as — TakoW, Kak;

hence — cnegosaTenbHO

on the one hand — ¢ 04HO CTOPOHbI;
on the other hand — o Apyron CTOPOHbI
since — Tax Kak; C Tex nop, Kak
therefore — noaTomy

however — ogHako

VI. MepeBeauTe CneayloLme CNoBOCOYETaHWUA Ha aHINUACKUIA ASbIK:

obwas aucdbdysus, nokanbHas Avddysus, OGokosas Auddysus,  HEOQHOPOAHOE
pacnpeaeneHve npuMecu, noj Macky, Yepe3 OkHa B Macke, y4acTok p-n Nepexoas; rnybuHa
AV dY3NOHHOro CBOS, MOMY4UTb P-N CIOWA, NPOBOAWTL MHOTOKPATHYHO Auddysnio, npesbllaTb
KOHLIGHTPaUuMio Mpeablaylleid NpuMecu, WCXOAHbI matepuan, npefenbHas pacTBOpPUMOCTL
npumecu, MakcumanbHas npefensHas paoTBOPUMOCTE NPUMECH, obecneueHne Gonee Tpéx
nocrnenosaeTNbHbIX Anddy3uni.

VIl. HaiiguTe B TeKCTe CNOBOCOYETaHWs, NPOTUBOMONOXHbIE NO 3HA4YEHUI AdHHBIM, W
nepeseguTe Ux:

total diffusion, homogeneous distribution, the introduction of purities, at low temperatures,
indefinite portion, a thick layer once, triple type, to remain the same, above the mask, the lower
limit, to fall off, the last stage, liquids.

VIII. 3aKoHUMTE NPEANOKEHUSA, OPUEHTUPYACE Ha TEKCT, U NepeseauTe ux.

1) Diffusion occurs only in the definite portions of the slice through the windows in the mask
such as...

2) The impurity penetrates not only into the wafer bulk at right angles to the wafer plane but
also spreads over...

3) It is possible to dope the starting n-type slice with an acceptor impurity to produce a ...

4) The concentration of every new impurity exceeds the preceding impurity concentration,
otherwise...

5) The impurity concentration in silicon has an upper limit determined by....

6) At a certain temperature, the solubility reaches its maximum and then....

IX. Mepeseaute peuesble oTpesku. O6paTuTe BHUMaHWe Ha NEPEBOA CKasyemoro, nepebim
KOMMOHEHTOM KOTOpOro siBNseTcs nuyHas dopma rnarona "to be

1) the impurity is penetrating to; 2) the impurity is able to penetrate to; 3) the impurity is
supposed to penetrate to; 4) the impurity is to penetrate to; 5) the impurity is introduced; 6) the
impurity is presently in wide-spread use; 7) this impurity is being applied to; 8) the impurity is to be
applied to.

X. Mepesepute peyesble oTpeskn. ObpatuTe BHUMaHWe Ha NEpeBOA CKa3yemoro, NepsbiM
KOMNOHEHTOM KOTOPOro ABnsieTcs nudHas ¢opma rnarona "to have".

1) the junction has a form of; 2) the junction has formed; 3) the junction has been formed; 4)
the junction has been supposed to form; 5) the junction has to be formed; 6) we have to study the
properties of; 7) the properties have been studied.

XI. MepeeeguTe cneayowme NpeanoXeHus, o6pallasi BHuMaHue Ha cnyxebHbie crnosa:

1. An integrated circuit is a special kind of microelectronics and at our current level of IC
development however we must face several problems.

2 Microelectronics is a name tor extremely small electronic components and hence for circuit
assemblies made by thin film, thick film or semiconductor techniques.

3. An Integrated circuit has been fabricated as an assembly of electronic elements in a single
structure, that is it cannot be divided without destroying its electronic function.




4. Integrated electronics will develop further. It will move not only towards more functions per
slice, but toward new types of functions.

5. Since the range of materials is limited it is impossible to carry out more than three diffusions
in succession.

6. Semiconductors are used in a wide variety of solid-state devices, such is transistors,
integrated circuits, diods and so on.

7. Silicon has been the backbone (ocHoea) of the semiconductor industry since the production
of commercial transistors.

Xll. OTBeTbTE Ha BONPOCHI MO TEKCTY.

1. 'What is the difference between local and overall diffusion?

2. What does the relation between the lateral and "vertical" diffusion depend on?

3. What types of diffusion do you know?

4. Why should the concentration of every new impurity exceed the preceding impurity
concentration?

5. What parameter determines the upper limit of tbe impurity concentration?

6. What does the solid solubility depend on?

7. Is is possible to carry out more than three diffusions in succession?

8. What are the sources of diffusants?

Xlll. QainTe onpegeneHve cneayrwwmx TepMUHOB:
overall diffusion; local diffusion; the first stage of diffusion; the second stage of diffusion;
multiple diffusion; the solid solubility of an impurity; the diffusant.

XIV. CocTaBbTe aHHOTaUMIO K TEKCTY.
XV. PacckaxuTe 0 MmeToaax avdgdyauu.

XVI. Npouyutaerte TekcT B 3a 4- 5 MMH. ¥ OTBETLTE Ha CneAylowue Bonpoch!:

1. B Kakux LIeNsiX MCNOnb3yTC OAHO30HHBIE U ABYX30HHbIE Ne4n?

2. Kakue BuAbl UCTOYHUKOB Anddy3aHTa UCNoNb3YTCS B ANMMDY3UOHHBIX Neyax?

3. Kakyio (yHKLMM BLINONHSIET CTEKNO MPY UCMONb30BAHUN XUAKNX UCTOYHIUKOB Andbdy3aHTa?

The Process of Doping in Diffusion Furnaces

1. As with epitaxial growth and thermal oxidation, the process of doping involves gas-transport
reactions carried out in single-zone or double-zone diffusion furnaces. 2. A double-zone furnace
consists of two high-temperature zones, one for decomposing the solid source of a diffusant and
the other for performing tbe diffusion proper.

3, Liquid and gaseous sources of a diffusant do not need high temperature for evaporation,
and so they allow the use of single-zone furnaces; a diffusant source is forced into the furnace
tube in the gaseous state.

4. If liquid sources of a dopant are used, the diffusion is performed in the oxidizing atmosphere
by adding oxygen to the carrier gas. Oxygen combines chemically with the surface atoms to form
the oxide SiO2, which is in essence a glass. At a temperature above 1000°C these glasses are in
the liquid state. They coat the silicon surface with a thin film, so that the diffusion takes place,
strictly speaking, from the liquid phase. The glass solidifies to produce a sealing (3awuTHBIR) layer
that protects the silicon surface at the spots of diffusion, that is, in the windows of the oxide mask.
With the use of solid diffusant surfaces (oxides), the glass layer forms in the process of diffusion
without the addition of oxygen.
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XVI. Mpouuraiite TekeT C co cnoBapem.

Cpashute Anddy3NOHHbIE METOAbI C METOAOM WOHHOW uMnnaHTauun. Kakve cyllecTByloT
CXOACTBA W pasnuuns, NPEMMyLLecTBa U HeAOCTaTKU TOro UNN MHOro MeToAa?
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lon Implantation

1. This is the method of doping of a slice (or an epitaxial layer) by bombarding it with impurity
ions accelerated to an energy enough to enable the ions to penetrate rather deep into the slice
bulk.

2. Special installations similar to charged-particle accelerators employed in nuclear physics
provide for ionisation of impurity atoms, ion acceleration, and focusing of the ion beam. The
dopants are the same as those used in the diffusion process.

3. lon implantation, like diffusion, can be overall and local (selective). An important merit of ion
implantation is that ions, travelling along the straight line, penetrate only into the slice bulk at right
angles to the surface and do not affect the regions under the mask. In other words, the process
analogous to lateral diffusion does not exist here.

4. As with diffusion, multiple ion implantation for "driving" one layer into the other is in principle
possible. However, it is difficult to compromise between the ion energy, exposure time, and
annealing conditions required for multiple ion implantation. For this reason ion implantation enjoys
popularity mainly in growing thin single layers.

5. The main advantages of ion implantation are a low temperature needed tor the process and
it's good controllability. The first feature offers the possibility of performing ion implantation at any
stage of the technological cycle, thereby dispensing with the additional diffusion of impurities into
the layers prepaired earlier.

1400
Unit lll. Text A Masking Text B Grammar Revision — Participle 1,1l

Terminology

Photolithography — coTonutorpacus

photoresist — ¢oTopeaucT

oxide — okucb

oxidate — okvucnuTb

oxidation — okucneHue oxide layer — OKUCHbIW cnoi
oxide film — okucHas nneHka

polymer — nonumep

—||— chain — nonuMepHas uenouka

Preliminary exercises:

Ex. 1. BcnomHuTe 3HayeHue npedukcos -un-; non-; re-; semi-;

O6pa3yiiTe C Ux NOMOLLbIO NPOU3BOAHBIE OT CReayloLWnX CNoB U AaiTe UX NepeBoA:
un-: exposed, coated, equal, covered, common

non-: transparent; effective

re-; move, place, do, read semi-: conductor, circle

Ex 2. MNepeseaute 0AHOKOPEHHbIE CnoBa, obpalyas BHUMaHWe Ha 3HadyeHue Cyddukcos U
npetuKcos. :

process, v — (o6pabarbiBaTh) process, processing, processor

move, v (asuratb(cs)) remove, removal, removed coat, v (nokpeiBaTe) — coating, coated
apply, v (npumensTs) — applied, application, applicable vary, v (pasnuyatscs) — variety, variable,
variability, variation, various

dissolve, v (pacTeopsaTs) dissolvable, dissolvent, solution

Ex. 3. MMpouuTailTe u nepeseauTe cnegyoume cnosa 6e3 cnosaps, y4uTbiBas WX
WHTEpHaLMOHanbHY OCHOBY.
photographic, photoresist, film, polymer, polymerize, quartz, lamp

Ex. 4. MNpouuTtaiite nepebie Tpu abs3aua Tekcta A U CKaxWuTe, B YEM COCTOWT 3apaya
nutorpadun.
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Text A Masking

1. Masks hold an important place in the technology of semiconductor devices. They serve to
ensure the local character of deposition, doping, etching, and, in some cases, epitaxial growth. Of
all the techniques used for mask fabrication photolithography heads the list. Photolithography,
also called photomasking or photoengraving uses photoresists which are a variety of
photoemulsions applied in conventional photography. Photoresists are sensitive to ultraviolet light
and hence they can be processed in a slightly darkened room.

2. Photoresits come in negative-acting and positive-acting types. The first polymerize under
light and become stable to etchants (acidic or alkaline solutions); after selective exposure to light
the unexposed portions will be soluble as is the case for a common photographic negative. On the
contrary, in positive photoresists the light destroys polymer chains so the etch will dissolve the
exposed portions.

3. The structure containing the pattern of the future oxide mask is known as a photomask. This
is a thick glass plate one side of which is coated with a thin non-transparent film having the
desired circuit pattern in the form of transparent openings. These openings or pattern elements
are equal in size to the desired integrated elements, which can be as small as 20 to 50 mkm. oT
even 2 or 3 mkm.

4. The photolitho technique for opening windows in the SiO2

mask that covers a silicon wafer consists of a number of steps. A small drop of photoresist
(PR) is placed on the oxidized surface and the wafer is rotated to spread the photoresist over its
surface in an even film about 1 mkm thick. The film is then left to dry hard. Next the photomask
(FM) with its pattern facing the photoresist is placed over the wafer and exposed to the light of a
quartz lamp. The photomask is then taken off.

5. If the process makes use of a positive photoresist then after its development and fixing
(hardening and heat treatment) the photoresist layer will have windows in the areas which
correspond to the transparent portions on the photomask. We thus have transferred image of the
pattern from the photomask to the photoresist. The photoresist layer is now the mask that tightly
adheres to the oxide layer.

6. In the next step an etchant is applied to remove the oxide layer through the windows in the
photoresist mask as far as the silicon surface (which is resistant to the etchant used) and thus to
open the windows in the oxide thereby transferring the pattern from the photoresist to the oxide
layer. The final step involved in the photomasking process comes to etching away the remaining
photoresist leaving intact the oxide mask with window. The wafer is now ready for such operations
as diffusion or ion implantation etching and so forth until the integrated circuits are completed.

2540

Ex. 5. MNpouutaiite U nepeseaute Tekct A, obpalas BHUMaHWe Ha yHKUMM U nepesog
Participle |, II:

Words to be remembered

1. to ensure — o6ecneunsatb

2. to be sensitive — GbiTb YyBCTBUTENbHBIM K YeMy-nn6o 3. to process — obpabatbiBaTh

4. to be stable to — BbITb yCTONYMBLIM K YeMy-NTHEO.

5. a variety of — pa3HooGpasue

6. to expose — BbICTaBNATL, NOABEPraTh AENCTBUIO

7. exposure — BbICTABNEHUE Ha...

8. to coat, to cover — nokpbIBaTh, HAHOCUTL CMNOW

9. to contain — copepxats 10. to spread — pacnpocTtpaHsTb 11. to adhere — npununats 12.
to be resistant — 6biTb MpoyHbIm, cToiikum 13. even, adj.- naxe

Ex. 6. Nepesegute cnepyloLue CNoBOCOYETAHUSA;

to apply in conventional photography; to be sensitive to ultraviolet light; to become stable to
etchants; selective exposure to light; to destroy polymer chain; to dry hard; desired circuit pattern;
transferred image; to remove the oxide layer.

Ex. 7 Hangute B TekcTe cneaywLlue cnoBoCOYETaHUs:
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TOHKasi HEMPO3payHasa NreHka; yNbTpauoneToBOE WU3NyYEeHUE; NONMMEPU3yeT (POTOPE3NCT,
OKHa B Croe OKUCNa; poBHasi TOHKas MMeHKa; pacTBOPATb HE3alULLEHHbIE Y4acTkv, MNOTHO
NPWXUMATL K NOBEPXHOCTHOMY CFIOH.

Grammar Revision

Ex. 8. OBpa3syiiTe OT cneaylowmx rnaronos sce (opMbl NpU4acTUa, AaWTe WX NepeBoA.
BcnomHuTe cuHTakcuydeckue (OyHKUWM Npu4acTui
to apply; to use; to read; to compare; to reduce; to desire; to accumulate; to form; to move.

Ex. 9. MpouunTaiite u nepeseauTe NpeanoxeHus, obpaljas BHUMaH1e Ha yHKUUKU npuyacTus
B NPEANOXEHUN.

1. Microsystem electronics is a term defining work applicable towards achieving smaller
electronic equipment.

2. Improved reliability by the introduction of circuit redundancy is possible only through reduced
size of circuit components.

3. The emitter diffusion using a phosphorus compound is carried out with the oxide again
masking all but desired region.

4. Coat reduction is to be a by-product of improved mechanized construction and assembly
technique.

5. The diffusion technology was not only adapted to existing processes, it also led to new
device structure.

6. Discussing the advantages of this new method, the lecturer gave the audience all the
necessary explanations.

7. Having made use of W.Mayer conclusions, Welker went further and attempted to predict the
electrical properties of the Ill-Y components.

Ex. 10, MpouuTanTe W nepeseauTe npeanoxeHus, obpawjas BHUMaHWE Ha 3HaYeHus
cnyxebHbIX Cros.

1. Also as in macrocircuits, power must be expended to overcome the tolerance of all circuit
components.

2. As long as we use this technique the cost will be very high.

3. As early as the beginning of the 50th the subject of microminiaturization become one of the
"controversial" topics in the electronic field,

4. The 2 approaches necessarily complement each other as they are different means of
describing the same physical phenomena.

5. Hence, completely new electronic function approaches chosen specifically for low-power
operation will often be required.

6. Thus it has been possible to approach miniaturization in a functional manner.

7. Since all components exhibit a "spread" in values around their nominal ratings, the circuit
designer never works with ideal components.

Ex. 11. OTBeTbTE Ha BONPOCHI K TEKCTY A.

1. What is photolithography used for?
2. What are the main properties of photoresists? 5. What is a photomask?
4. How many steps does the photolitho technique consist of? What are they?

Ex. 12. HanuwwuTte aHHOTaLuIO K TEKCTY.

Ex. 13. Mepepgaiite OCHOBHOE coaepXaHue Tekcta A.

Ex. 14. MNpouuTaiite TekcT B 1 0TBETbTE Ha BONPOCH;

a) Kakoebl HepgocTaTku chotonutorpacpua?

6) Kakoebl HOBblE HanpaeneHus passuTua otonuTorpagumn?

1. Whatever the present significance of photolithography, it is not free from limitations.
One of the principal limitations relates to resolution, which defines the fineness of detail in the
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produced pattern of the mask. The feet is that the wavelengths of ultraviolet light range between
0.2 and 0.3 mkm . However small the window in the photomask pattern, the size of its image in
the photoresist cannot be as small as the values given above due to diffraction.

2. A most obvious approach to increasing resolution in lithography is to use short-wave
radiations in exposure, for example, soft X-radiation with a wavelength of 1 or 2 nm. This
approach is still in the stage of research.

3. However the use of short-wave radiation in itself cannot solve either the problem of
decreasing the size of circuit elements or the problem of pattern alignment. What is needed here
is a new technique for the fabrication of masks with submicronic pattern elements. Also, there is a
need for new resists of increased resolution and appropriate chemicals for their treatment. Last, a
basic problem that awaits its solution is to choose or develop an adequate source of X-radiation.
One of the variants is a synchrotron, an installation applied in nuclear engineering. However this
unique installation is too costly for use in industry on a large scale.

4. Even after bringing the above problems under control, it is out of the question to expect to
have integrated elements with dimensions lying in the nanometer range. There are a number of
factors which stand in the way of reaching this range, such as undercutting of a resist and silicon
dioxide, lateral diffusion, or spreading of ions under the mask in ion implantation. 5. The trend
aimed at decreasing the size of circuit elements, using in particular, X-radiation and electron
beams has received the name nanoelectronics (submicronic technique).

6. One of the weak spots in classical photolithography is mechanical contact between the
photomask and substrate coated with the photoresist. This contact cannot be too perfect, so it
leads to various kinds of distortion of the pattern. The competing technique is projection
photolithography in which the pattern on the photomask is projected on the substrate with the and
of a special optical system.

Ex. 15 CocTaBbTe 4-5 BONPOCOB K TEKCTY B, oxBaTbiBalowMx OCHOBHOE COAEpXaHue.
Ex. 16. Mpuaymaiite 3arnasue K TeKCTy B.

Ex. 17. HanguTe B TekcTe B OCHOBHbIE NONOXEHUA.
MpouTUTE UX BCAYX, COSAUHAR Pa3NUYHbIMA CPEACTBaMW CBA3W, NPUBEAEHHBIMU HKE, TakuM
06pa3om, YTOBbI NONYYUNCA CBA3HBIA TEKCT, OXBaTbLIBAIOLLMI OCHOBHOE COAEPXaHUe TeKCTa.

as far as, whatever, since, moreover, hence, thus, because of, due to, thanks to.

Ex. 18. PasnenuTe TekcT B Ha ab3aubl U o3arnaebTe UX. Micnonb3yiTe 3arofoBkv B Ka4yecTse
nnaxa Ans nepeckasa Tekcra

Ex. 19. [lokaxuTe npasunbHOCTb WK OLIMBOYHOCTL CYXXAEHUNA.

WcnonbayitTe cneaytoLine BbipaXeHus.

It goes without saying... That's right I'm not sure....

| don't agree with it, The point is that ... | can also add.... On the contrary....

1. One of the main limitations of photolithography is imperfect contact between the photomask
and substrate, which leads to various destortion of the pattern.

2. The use of short wave radiation in itself can solve both the problem of decreasing the site of
circuit elements and the problem of pattern alignment. 3. X-radiatlon lithography is presently in
wide spread use in the semiconductor technology. 4. Nanoelectronics is the most forward-looking
of several modern approaches to the development of small, reliable electronic systems. 5. It is out
of the question to expect to have integrated elements with dimensions lying in the nanometer
range.

Ex. 20. Nepeseaute NUCbMEHHO TEKCT 32 10 MUHYT.

Last years have seen the emergency of electron beam lithography. The essence of the
technique is the following. A focused electron beam of computer-controlled intensity scans, line by
line, the substrate surface coated with a resist. At the points which must be "exposed" the current
of the beam is the highest, and at the points which must be "unexppsed” 'the current is the
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smallest or equal to zero. The electron beam diameter is directly dependent on the beam current:
the smaller the beam diameter, the lower the current. However, the exposure time grows with a
decreasing current. Therefore an increase in resolution (decrease in the beam diameter) tends to
lengthen the process.

Unit IV.

Text A— Thin Film Deposition
Text B — Electrolytic deposition

Grammar Revision — Gerund

Terminology

Vacuum evaporation — sakyymMHoe HanbineHue

rarefied gas — pa3pexeHHblii ras

cathode sputtering — kaTogHoe pacnbinexve

ion — plasma sputtering — noHHoe ocaxaeHue

chemical vapor deposition — xumuyeckoe ocaxaeHue rasosoii dasbl
anodyzing — aHoguposaHue

anodic oxidation — aHogHoe oKucneHue

thin film deposition — ocaxgeHne ToHKUX nneHok

Preliminary exercises.

Ex. 1. O6pasyiite u nepesegure:

a.) CyLWeCTBUTENbHbIE OT AaHHbLIX FMaronos: .

to contain, to process, to evaporate, to deposit, to accumulate , to depend, to require, to
determine B) aHTOHUMbI CREayIOLLUX CNOB:

charge (v), appear (v), possible, simple, difference, necessary, advantage, increase

Ex. 2. [pouuTaiiTe paHHble cnoBa B nepesegute ux Ges-cnoBaps, yuuTbiBas WX
MHTEPHaLUMOHanbHylo OCHOBY:

vacuum setup, cathode, method, absorb, condense, resistor, positive ions, electrode, anode,
hybrid, integration, dielectric

Ex. 3. MNpouuTaitte Tekct A u NepeyncnuTe npusefeHHble B TEKCTE OCHOBHbiE MeToabl
OCaXaeHUs TOHKUX MNEeHOoK.

Thin Film Deposition

1. One of the basic stages in the fabrication of integrated circuits is the process of deposition
of thin films. In semiconductor integrated circuits, thin films deposited on the oxids coat of a silicon
slice to interconnect individual components, blocks, and devices and also serve as termination
areas, i.e. contact or bonding pads for connection to IC leads.

2. A few methods are available for the deposition of thin films.

Vacuum evaporation. This method uses the same vacuum setups as the method of cathode
sputtering, except that in the latter the cathode replaces the heater. Both methods are very
popular. The proces is run in a vacuum chamber evacuated to a very high

vacuum. The essence of the process is the following. An electron beam or any other heating
source melts down a metal which evaporates and adsorbs (condenses) on the surface of a
substrate placed nearly, thus coating the substrate with a thin layer of the evaporant. By replacing
the evaporant and masks through which the material adheres to the substrate it is possible to
produce in the single cycle of operations a large number of conductors, resistors and capacitors,
i.e. to fabricate integrated circuits.

3. Cathode sputtering. The source material for the film serves hpre as a cathode bombarded
by positive ions of a rarefied gas. The ions falling on the cathode give up energy to the atoms and
molecules of the material and thus knock out the atoms from the cathode. The knockout atoms
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move toward the high-potential positive electrode (anode), which is the substrate on which the
atoms accumulate to form a thin film.

4. To sputter insulating and semiconducting materials, a high-frequency field is built up
between the electrodes. By changing the potential of the hf field it is possible to sequentially
bombard the target (cathode) with positive ions and to cancel the stored positive charge with
highly mobile electrons.

5. lon-plasma sputtering. This method does not in principle differ from the method of cathode
sputtering. The only difference is that a glow discharge is built up In the gap between ca'thode and
anode. The process begins after initiating the discharge and applying voltage to the coil of the
heater containing the source material. The rate of deposition grows until, the velocity of reactively
sputtered ions reaches the velocity of ions near the substrate. The process gives a film that
adheres more strongly to the substrate than in the case with cathode sputtering. It finds use for
the deposition of films of chemical compounds, such as silicon nitride.

6. Chemical vapor deposition. This method relies on chemical reactions between two or more
substances or on chemical decomposition. Chemical deposition from the vapor phase can
produce all the three types of thin film, namely, insulator (silicon oxide), conductor end
semiconductor.

7. Anodizing. Anodic oxidation is the most popular method of anodizing for obtaining thin films
of hybrid circuits. Formation on a tantalum film of the tantalum oxide that acts as a capacitor
dielectric can be taken as one of the examples. On applying voltage to the anode (the tantalum
film), tantalum begins to oxidize forming an oxide layer of the desired thickneas determined by the
drop of voltage on the anode since the oxide is a dielectric. The solution of, say, acetic acid

serves as an electrolyte.
2440

Ex. 4. NepeBeanTe TEKCT A, 0TMEYasn BCe cnyyau ynorpedneHns repyHama

Words to be remembered

1. essence — CYLWHOCTb, CyLEeCcTBO

2. to knock out — BbiGuBaThL

5. sequentially — nocnegosaTenbHO

4, target — uenb, MULLEHD

5. to cancel — HelWTpanu3oBaTb, ypaBHOBELUMBAaB

6. to store — xpaHuTb, HakannueaTb

7. a glow — cBe4eHune

8. to initiate — Ha4uHaTb

9. coil n.v. — kaTywka, 3MeeBMK, HamaTbiBaTb, obmarbieate 10. heater — papuartop,
kanopudep, oborpesaTtent Katoaa

11. to contain — cogepxaTtb, BMeLLaTb

12. to rely on — nonaraTtbCa Ha 4.-4.

Ex. 5. NepeseguTe cneayioLlne CNOBOCOYETaHNA!

oxide coat of silicon slice; termination areas; vacuum setups; the process is run in; heating
sourcei single cycle of operations; to cancel the stored positive charge; the rate of deposition;
vapor phase; absorb on the surface.

Ex. 6. HaitauTe B TEKCTE cneayloLime CroBoCOYeTaHus:

KOHTaKTHble nNnowaaku, 6onblioe YMCNO NPOBOAHWKOB, COMPOTWBIEHWE MIOCKOCTEN,
pa3spexeHHbIi ra3s, BbIGUBATb aTOMbl, BbIGUTBIE YACTULIbI, BLICOKUIA NOTEHUMAN, CKOPOCTb MOHOB
NOANOXKU, XUMUYECKOE pa3noXeHue; rubpuaHbie CXxembl

Ex. 7. Hangute B TEKCTE CUHOHWMbI CNeaylLLuX CrnoB:
to begin; to accumulate; speed, n; significance, n; to get, to use, to carry out; to gain

Ex. 8. BcnomHuTe hyHKUWM repyHAUs U NnepeseaunTe cneaylowme npeanoXeHus:
1. Allowing 2 similar materials reduces thermal conductivity without materially affecting
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electrical conductivity.
2. By developing optical systems capable of resolving finer structures, the size of a typical
transistor has been reduced.

3. The method of processing as well as available peripheral devices define computer
generations.

4. It Is possible to obtain the films of MO and W by decomposing their halogen or carbonye
compound.

5. On applying voltage to the anode, tantalum begins to oxidize, forming an oxide layer.

6. It is impossible to speak about further development of semiconductor technology without
mentioning the x-radiation lithography.

7 After reading the text, the students made a summary of it.

Ex. 9, OTBeTbTE Ha BONPOCH! K TekcTy A

1. What are the main methods for the deposition of thin films?

2. Is it possible to fabricate integrated circuits in the single cycle of operations in vacuum
deposition? How can it be done?

3. What is the essence of cathode sputtering?

4. What is the difference between cathode sputtering and ion-plasma sputtering?

5. What types of thin films can be produced by chemical deposition?

6. What is the most popular method of anodizing for obtaining thin film of hybrid circuits?

Ex. 10. HanuwuTe aHHoTauuio Tekcta A.

Ex. 11. [laiTe onpepeneHus OCHOBHbIX METOAOB OCAXAEHMA TOHKUX MMEHOK, ONUCaHHbIX B
TekcTe A

EX. 12. CocTaBbTe NnnaH TeKcra, ucrnonb3ys cneaytoume BbIP2XEHUA:
The first paragraph introduces ...

The second paragraph deals with... The text goes on to...

In conclusion the text advances the idea...

Ex.13. MpouuTaiTe TEKCT B 1 paccKaxuTe:

1) Yem oTNU42ETCA 3TOT METoA OT METOAOB, onuCaHHbIx B TEKCTE A.

2) B uem ero npevMyLiecTBO Hal pacnbineHuem.

Electrolytic deposition

This method differs from the methods discussed above in that the working medium of the
process is a liquid. But the character of the process resembles that of ion-plasma sputterng
because both the plasma and electrolyte are quasineutral mixtures of ions with unionised
molecules or atoms. And above all, the deposition here occurs gradually, layer by layer, as does
sputtering, thereby enabling the growth of thin films.

Electrolytic deposition originated much earlier than any of the methods discussed, back in the
19th century. It came 1O be popular tens of years ago in machine-building industry for
electrodepositing (nickel plating, chrome plating, and so on) of various kinds of thin coating. In
microelectronics, electrolytic deposition is not an alternative of vacuum evaporation or ion-plasma
sputtering: it complements each and all go together.

A great advantage of electrolytic deposition over sputtering is @ much higher rate of plating, the
added advantage being that the plating rate is easy to control by changing the current. The
electrolytic process is mainly used for despositing comparatively thick films, 10 to 20 mkm and
above. The quality (structure) of these films is inferior to sputtered films, but they prove quite
acceptable for use in a number of applications.

Ex. 14. [lokaxuTe npasunbHOCTL unw oLwMBoYHOCTb AaHHBIX cyxaeHwin. flaite pacLUMpeHHbI
OTBET.

1. In microelectronics electrolytic deposition is an alternative of vacuum evaporation.

2. lon-plazma sputtering differs fundamentally from the method of cathode sputtering. 3. There
is a continuous demand for improved metallurgical contacts in semiconductor devices.
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4. The dominant role of silicon as a material for microelectronic circuits is attributable to the
properties of its oxide.

Ex. 15. Ha ocHoBe WHOpMaLMK, U3NOXKEHHOM B TekcTax A 1 b, U ucnonb3ays npuBeAeHHYIo
HIXKE NOTUKO-CTPYKTYPHYIO CXEMY, PacckaxuTe 06 OCHOBHBIX METOAAX OCNKAEHUS TOHKUX NNEHOK,
NPUMEHSIEMbIX B Ka4EeCTBE TOHKONNEHOYHbIX 3NEeMEHTOB rubpuaHbLIX MUKPOCXEM.

[ The film fabrication |
Vacuum Cathode lon plazma | [Chemical vapor| [ ~Vacuum
deposition sputtering sputtering deposition deposition
thermal | |electron beam \ /
RC circuits, Dielectric for Capacitors, Protective
resistors, capacitors, resistors, coats,
capacitors resistors, switching dielectrics of
insulator elements capacitors
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