Unit | Preliminary
exercises

1. lNpouuTaiite criegyroLLne CNoBa U 3anOMHATE UX 3HaveHue
literally — 6yksanbHo

advent, n — 34, nosiBneHue

to transfer -nepegaearb

to utilize — ucnone3oBaTth

to consume — noTpebnsaTb, pacxogoBaTb

to occur — nponcxoauTb, Cny4arbes , *

to forego — npegLectsoBaTh

portable, adj. — nepeHocHOR

evident — o4yeBUAHbLIA, SIBHBIA

2. MpounTaiTe u nepeseauTe cregyrLune cnosa B COBOCOYETaHUS;

advent of vacuum tubes, wide-spread use of, solid state devices, miniature portable transistors, reduced
size, high-speed computers

3. OnpepenuTe no cyddimnkcam,k KaknM YacTaM pedn OTHOCATCA criefytoLlime CroBa U nepeseante ux.

reliable, reliability, consume, consumer, consumption, possible, possibility, function, functional, individual,
individuality, significant, significance, available, availability

4. MNpouuTaiite TekcT A n oTBeTbTE Via BONpOC:
What are the "revolutionary" developments that changed the course of history in the field of electronics?

Text A

1 . In the field of electronics, there have been a number of "revolutionary” developments that have in some
cases literally changed the course of history. The age of electronics started insus’piciously enough with the gdvent
of vacuum tubes, "revolution” came in the fifties with the advent and widespread use of the first solid-state
device — the transistor, In fact, the word transistor (compressing the words — tranfer resistor) took on
anotherxmeaning when people started calling their new miniature portable radios transistors.

2. The second "revolution” was the integrated circuit (1C), first produced and utilized in the early sixties. Just
as transis-ors offered reduced size, lower power consumption and higher reliability than their predecessors the
vacuum tubes, so the ICs offered reduced size and improved reliability. Just as transistors became common in
everyday lif-f, making high-speed computers possible, the 1C has taken transistors one step funher, the higher
circuit complexity possible in ICs brought as to the 21-st century in the seventies.

3. However the third major "revolution” cannot be pinpointed to a precise moment in history. This “revolution”
has occurred over a long period, pf time, and will probably continue”r many years. It is pernaps the most
important one in terms-of its significance for the average person, as well as for those in the field of electronics.
This revolution is one of cosU, For uniess transistors and integrated circuits can be manufactured cheaply .
enough, their significance is nn to aJJ except the curious rich. In fact, not only has the manufacturing cost of
transistors and especially ICs been reduced. But also the quality of the products has improved as well.

4, This is truly significant, since a low enough cost for the 1C means that the finished product, be it a digital
wrietwatch, a pocket computer or a lifesaving'fiacemaker, can be made inexpensively enough to be within the

reach of almost all consumers.
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5. HaliauTe B TEKCTE 3KBUBANEHTHI CEAYIOLIMX CMIOBOCOYETAHWIA: yMEHbLLEHHbIA pasmep; Gonee BbiCokast
HaLeXHOCTb, OnpefenerHHbli MOMEHT B cTopuu', 6biTb JOCTYNHBLIM BCEM; PAL N3MEHEHWUN, LLIMPpOKOe
KCroNb3oBaHe.

6. MpounTaiiTe TekcT B 1 oTBETLTE Ha BONPOC!
What are the advantages of 1C?



Text B
Advantages of

ICs

1 . An integrated circuit is a single functional block which contains many individual devices (transistors,
resistors, capacitors, etc.), The first and perhaps most obvious advantage of ICs is theirsize. Thf working part of
a transistor is quite small but since people are to use it, it is packaged with leads attached; thus the size is of
necessity relatively large. In an 1C, many interconnecctions between transistors and other components have
been
made internally, with only those terminals that are necessary being rnade available externally. A

2. Another obvious advantage, closelyjelated to size, is the drastically lower weight ol ICs when compared
to discrete versions. This is especially evident in large systems (like computers and airborne electronics), where
decreased buffe and weight are extremely important. ?

Integrated circuits also offer higher reliability, simply because any given function can be implemented with
fewer components.

3. Probably one of the most important advantages of ICs is the high leveLof circuit complexity made
available in a small package. Because of this feature, the user of ICs can contemplate and relatively easily
implement complex systems.

4. The high complexity offered on a single chip has other advantages — it opens up to the user a much
wider range of projects and products that can be made operational with a much smaller investment of money
and
manpower. In addition, the power of ICs may be reflected in the improved ope/atjon of a given system.

For example, in many applications a regulated power supply is not essential, but woj*ld irnprpye system
performance. Therefore, if we had to design a ypltage regulator using discrete devices the eiecrsion would be to
forego the regulator in the given system. However since available 1C voltage regulators are low cost and easy to
use, we would probably Decide Jo, include the regulator and thus .etlrvance the system's performance. Another
example of this kind of impact'by ICs is fn Ty, receivers. With essentially no increase in cost, TV manufacturers
haye> incorporated additional (r*nessential) features like automatic fine tuning, automatic hue (color), etc.,
through trie use of ICs.
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7. MpoynTainTe 1 nepeseguTe AaHHble TEPMUHDI
a slab of silicon

p-type substrate terminal characteristics
terminal characteristics multile collector
transistor multiple emitter transistor lateral

PNP transistor

8. MpouuTaiite n nepeseauTe TekcT C.
TextC

Basics of Device fabrication

1. In general, the 1C begins as a slab of silicon only a few mils thick and 2 to 3 inches in diameter. The
processing is done under controlied conditions to prevent contamination, J

2. During the process of forring one 1C on the wafer the mask pattern is repeated so that literally hundreds
of ICs are being processed simultaneously. The wafer containing many ICs is tljen scrabed and the individual
ICs
are then separated, tested, connected to headers and encapsulated in the appropriate package.

3. Many” 1Cg are made on a P-type substrate. A key feature that needs to be recognised is this: if the mask
contains identical windows for the fabrication of two or more transistors, because they ,,are rpade at the same
time, on the same substrate and under identical conditions these transistors will pSsse”s almost identical
terminal characteristics. Thus, matched ‘traYisWors can be readily fabricated iri anJC. Furthermore unbalancing
the masks for two transistors by making the emitter area of one larger by a ceftafn factor will have the effect of
making the p of that transistor larger by the same factor. Thus, although it is not practical (nor easily done) to try
and provide a specific, accurately controlled value of p, the ratio of p for transistors on an 1C can be readily
controlled.



2) coKpaTuTe npeaioXeHst 3a CYET MaNoBaXKHbLIX NOAPOBHOCTER, 06LeANHNTE HECKOMbKO MPeanoOXeHNi B
ofHo. Vcnonb3yiTe cneayoLwme BolpaXKeHus:
to introduce the idea, to explain, to consider, to contain information, to stress, to be reported.

13. [lokaxkuTe NPaBuUbHOCTb UMK OLLMGOYHOCTL CYXKAEHMIA. ['Ae MOXHO, AaiiTe pacluMpeHHbid OTBeT.

1. The higher circuit cimplexity possible in ICs brought us to the 21-st century in the seventies.

2. The most significant difference between discrete components and integrated circuits is the factor
governing cost. 5. In discrete circuit design the fewer the components used, the more expensive the circuit. 4.
One of the disadvantages of the ICs is the drastically higher weight as compared to discrete version.

14. CocTaBbTe NNaH TEKCTa, UCTIONb3YS BbIpadkeHus;

The article examines...

It considers the problems.

Details are given of...

In conclusion the article stresses...

15. B rpynnoBoii auckyccum obcyanTe sHaveHune nossnenus UC, ux npenmyLiecTsa n OCHOBbBI UX
npoussoacTea. 16. MNepeBeanTe nNUcbMeHHO TekeT [] 6e3 cnosaps,

Perhaps the most significant single difference between discrete components and integrated circuits is the
factor governing costs. As a general rule, in discrete circuit design the fewer the components used, the cheaper
the circuit. This is usually not the case in integrated circuits, as cost is mainly dictated by the chip area required,
and does not increase proportionally with the number of devices. This is because the devices in an 1C are
formed simultaneously, that is, all transistors (say NPN) are formed in the same step, all the collectors are made
together all the bases, etc.

Therefore if an improvement in an IC's performance can be achieved through the use of an additional
transistor, it can be incorporated with little or no increase in cost. (Since the area required for the additional
device is extremely gmafl, the increase in cost is essentially due to any change in yield, i.e. the percentage of
fabricated ICs that are usable, the yield is obviously governed by the complexity of the circuit). However in a
discrete version, the same transistor might not be incorporated unless improvement in performance was
significant enough

to offset the accompanying increase in cost.

Unite
1. MpouuTaiiTe 1 3anomMHUTE CneayloLue TEPMUHDI

board — gocka, nynbT, TabNo, WWT, KapToH

wiring — anekTponpoBoAKa, SMeKTpUuYeckas MOHTaXHasa cxema

wire — 1, MPOBONOKA, NPOBO4 V — MOHTWPOBaTh Nposoa

socket — iwuTencenbHan po3eTka, rHe3fo, NaTpoH, LoKoMb

trace, . — cnea v. — OCTaBNsTh Crejl, NPOCNexuBaTh, YepTUTb, KONMpoBaTL

2. l‘lpquTaﬁ're CrioBa 1 nepeeBegute ux, yunTbiBas nx VHTEepHauuoHanbHYy0 OCHOBY:
prototype, compromise, project, discrete components, function, system, section

3. OnpegenuTe o cydduKkcam, K Kakium 4acTsaM peyn OTHOCATCS faHHbIe CroBa v nepeBeanTe ux. apply,
application, applicable, probable, probability, flexible, flexibility, available, availability, require, requirement

4. NpounTaiTe TEKCT A 1 OTBETHTE Ha BONIPOCHI.

1 . What are the 3 requirements for the use of 1C?
2. What are the requirements for the proper circuit design?



There are only three basic requirements for the proper use of ICs in any project. These are: proper circuit
design, proper contraction and test procedures, and proper power supply choice. As with any rules, these three
are more easily stated than followed.

PROPER CIRCUIT DESIGN.

This perhaps the hardest of the three, since it requires the most from us:

1. Know and understand the properties and limitations of as large a variety of ICs as possible. Be on the
lookout for new ICs, for they may meet the desired needs more readily than any other.

2. Use the proper 1C for the purpose at hand. Don't try to make do with another circuit — in most cases it
doesn't pay.

5. Double and triple check the design to ascertain that it does exactly what is desired — no less and no
more. This especially applies to digital circuits since they usually involve complex timing and it is not uncommon
to overlook a given set of (signal) conditions which gives an erroneous output.

5. MpouuTtaiite TeKCT B co cnoBapem.
Proper construction and testing procedures.

1. Probably the largest percentage of problems encountered by the unitiated involved either improper
construction or inappropriate testing. First, let us consider the prototype or breadboard — the stage at which the
basic circuit design is tested and evaluated. There are five methods available for constructing the prototype: the
custom pc (printed circuit) board; the vectorboard with sockets and point-to-point wiring; special sockets,
wirewrap sockets, and lastly, standart pc boards, with a foil pattern to accommodate only one ICs (or their
sockets where interconnections are wired in to suit a particular situation. Each of these methods offers certain
advantages, while also presenting limitations and its own unique problems.

No single method is best for all cases.

2. The wirewrap technique is applicable where few discrete components are used and where the exact
circuit configuration has not been finalized in the design stage. The wirewrap technique is not advised where
signals of | MHz or higher are used. This technique although offering flexibility, makes the prototype somewhat
hard to troubleshoot in terms of finding a wiring mistake or in tracing signals. This techique is especially well
suited for digital circuits of great complexity.

3. Standard pc boards offer a good compromise between the custom pc board and point-to-point wired
vectorboard. They are available in two types: one to accommodate DIPs (dual in-line package ICs), one to
accommodate the round TO-5 type packages. The advantage of this scheme over the wirewrap is that it does
not
require special tools, and like the wirewrap technique, this scheme is probably better suited to digital
applications.

4. Special sockets which can accommodate up to about 100 1C pins (not ICs) are a good choice for simple
digital as well as analog prototypes. They provide interconnection points for wires or discrete components next
to
the 10 pins. This scheme offers the easiest and most convenient means for changing the circuit since no
soldering is invoived. However due to the high capacitance between sockets, this method is not advised for
signal frequencies much above 500 kHz.

5. The vectorboard approach offers the widest latitude in parts location, since this is entirely determined at
the user's discretion. It is probably the most tedious and slowest method — each socket and external component
must be individually mounted and interconnected.

PROPER POWER SUPPLY

6. This is the last consideration because, it is recommended to use a good commercial regulated power
supply for the initial prototype evaluation. In this way the power supply is eliminated from the possible list of
problems that may originally arise. In addition, there is no need to guess or estimate the power supply
characteristics necessary for the finalized project.

Words to be remembered:

to evaluate — oueHWBaTb, Aasarb OLUEHKY, onpeiensTb Ka4ecTBo

to estimate — oueHuBaTh, 4aBaTh OLUEHKY, BEIHOCUTL CyXeHne

to involve — BkMOYaTh B ceBsi, saxoMaTh, Bneyb 3a coboi, Bbi3blBaTb

to suit — yaoeneTsopsTh TpeGoBaHusM, GbITb YAOOHBEIM, yCTpausatb



convenient, adj. — y400HbINA

latitude — wwupoTa

tedious — CKy4HbIA, yTOMUTENBHbBINA

tc determine — onpepensaTb

to mount — ) B3GupaTLCH, BOCXOAUTh
2)ycraHaenueaTb, MOHTUPOBaTb

6. NepeBeguTe cnegyouine CroBa U CrOBOCOYETaHUS:

proper circuit design; limitations of ICs; offers certain advantageous; exact circuit configuration; tracing
signals; the scheme is better suited to; convenient means, widest latitude.

7. OtBeTbTE Ha BOMPOCHI K TEKCTY:

1 . What are the methods available for constructing the prototype?

2. When is wirewrap technique applicable?

3. What is the advantage of standard ps board over wire wrap sockets?
4. What is the nost tedious and slowest method?

5. What is the advantage of special socket technology?
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. I'lepeaep.me npennoxeHuna, o6pamas| BHUMaHWe Ha NogvYepKHyTbIe CNoBa.

1 . Large valued reristors are either avoided through circuit design, or pinched resistors are used.

2. Neither this method nor previous one could be used in the 1C design.

3. Either vacuum evaporation or cathode sputtering of the desized material can be used in the fabrication of
thin film hybrid circuit elements.

4. Neither size nor weight can be reduced by applying thus method.

5. None of these objectives can be appreciably compromized in the achievement of a practical operating
microsystem.

6. NO single method is best for all cases.

7. No simple way has been found to eliminate this limitation.

8. It should be pointed out that the figure by no means includes all possible 1C configurations.

9. In ICs of a high scale of integration it is possible to design a connection layout so as to exclude

crossovers unless a multilayer is used. ,
10. Conversion of the surface layer of a solid to a solution is thing else than elimination of this layer.

9. Hanuiuute aHHOTaLINIO K TEKCTY.

10. [loKaxuTe NPaBUNbHOCTb UMK OLWNGOYHOCTL CYXAEHMIA. [laiiTe pacLuMpeHHbIN OTBET.

1. There are 5 methods available for constructing the prototype.

2. Bach of these 5 methods can be used in all cases.

3. Either wirewrap or standard p.c. boards are suited to digital application. -

4. The wirewrap technique is advised where signals of 1 MHz or higher are used.

11 . TpouunTaiite Teket C.

Contributions of material Technology to Semiconductor Devices

1 . There are two basic disciplines underlying the design and development of solid state electronic devices.
One is the design and analysis of the device from the electron physics standpoint. This involves an
understanding of the transport properties of electrons and holes in the presence of p-n junctions and other
energy band structures, independent of the technique used to fabricate the device. The second — material
technology, undertakes to make suitable structures in solids by various techniques to fulfill the conditions
specified in the device design.

2. The history of semiconductor technology can mark its beginning with the crystal rectifier which was used
as the detector in the early radio receivers. Typically, a detector was made by soldering a piece of the crystal in a



receptacle and flexible wire "cat whicker" held in light contact with the crystal made the rectifying contact. Until ; the
1940s the crystal rectifier served as a laboratory device to detect and monitor UNT power, since the thermionic tubes had
replaced its utility in radio receivers. For this work the combination of a silicon crystal and tungsten or molybdenum
whisker was used because of the sensitive characteristic provided.

3. The theory of semiconduction predicted that the conductivity and hence the rectifying properties of silicon
and germanium would be affected by small amounts of impurities. So a programme to develop a method to
produce high purity silicon and gernanium was initiated. The research during late 40th resulted in considerable

prrogress in the purification of germanium and silicon and in the controlled addition of impurities to them.

4. In the latter part of 1948 scientists began experiments to gréw germanium single crystal, they succeeded
in growing large single crystals of gemanium of high structural perfection. They also showed the possibility of
obtaining both rectifying and transistor action using p-n junctions in bulk material. This important theoretical step
stimulated research toward preparing p-n junctions. Rapid developments soon followed in material tecnology.

" W.G. Plann discovered a simple method for repeating the action of normal multing and freesing, which avoided ;
handling the material between each operation. This resulted in material of extremely high purity which was then grown
into single crystal by polling technique. Plann also developed the zone leveling technique which distributee impurities
uniformly through a rod. He grew single crystals in his zone leveling apparatus, using seeding techniques. The
combination of zone leveling and horisontal growth of single crystals has become the standard technique used in today's
transistor manufacturing operations.

12. Vicnionb3ys MaTepuan, U3NOXeHHbIA B TekcTe C 1 ussecTHble Bam dakTs! 1 nHdopmaumio, obcyaute
MCTOPWIO NONYNPOBOAHNKOBOW TEXHOMOTUH.

| Unit 7
/ Hybrid Integrated Circuits

Text A-Principles of Manufacture
B. Thin film ICs.
C. Substrates.
D. Conductors and Contact Pads.

Grammar Revision: Gerund.

Terminology:

1. deposition — ocaxgeHve

film deposition — ocaxaeHune nNneHkn

deposit (n) — ocaxeHHbIV crnoit (v) — ocaxaaTb(csi)

2. chip *- kpucTann, uHTerpanbHas cxema, Mnkpocxema

multichip (n) — mHorokpucTansHas VUC (a) — MHOrOKpUcTanbHbii

3. pattern (n) — oBpaseu, WwabnoH, popma, CTPyKTypa (Ha doToltabnoHe) (v) — dhopMUpoBaTL PUCYHOK,
KOMUpoBaTh

4. pack (n) — kopnyc, cbopxa (v) — KoprnycupoBaTh, YknanbieaTh

package (n) — Kopnyc, MOHTax B kopnyce

packing (n) — kopnyc, Habueka, ynnoTHeHve

5. case (n) — kopnyc (V) — MOHTUPOBATb B KOpMyce

6. encapsulation — repmeTusaLus

7. pin — LUTEIPLKOBbIA BbIBOS,

lead-out pins — meTannuyeckne BbIBOAbI

lead wire — npoBONOYHLIA BbIBO,

8. trimming — noAroxka, NOACTPONKa

9. contact pad = contact land — koHTakTHas nnowjanka

10. adhesion — aaresus, cuennenne

1 1 . soldering — naiika

solderability — crnocobHocTb k naiike
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{. MpoBepbTe, 3HaeTe nu Bbl cneayowme crnosa:

manufacture (n), monolithic (a), screen (n), discrete (a), formation (n), stripe (n), evaporation (n), thickness
(n), value (n), layer (n), oxide (n), size (n), adeqaately (adj.), dimension (n), thermocompression (n), welding (n),
individual chip, comparatively (adj.), version (n), dielectric type, application (n), interconnection (n), testing (n)

{1. TMpounTanTe TEKCT A N paccKaXunTe: )
1) o npuHyunax npowssogcrea NC;
2) 0 NpenMyLLecTBax rmOpULHO-NNEHOYHON TEXHONOTN.

Principles of Manufacture

1 . A hybrid microcircuit consists of film passive elements deposited on a glass or ceramic substrate and
active elements such as discrete semiconductor devices mounted on the same substrate. Hybrid 1C technology
thus takes advantage of both film and monolithic 1C technology.

2. A multichip hybrid circuit contains Ni-Cr alloy resistors, gold wires, and discrete transistors and diodes.
For such a circuit to be made it is first necesrary to use special screens, or masks, with windows to form the
desired film connection pattern on the substrate.

3. The formation of a film passive circuitry on the substrate, involves a few steps. First, stripes of silver,
aluminum, or gold are grown by evaporation, or deposited by any other method through the windows in a mask.
Next, another mask is used to deposit resistors in the form of film stripes of tantalum, chrominum or epecal
alloys. Changing both the material for film deposition and the thickness of the film gives various values of the
resistors. A capacitor is made by depositing a metal layer through a special mask, then an oxide layer through
another mask, and finally, a second metal layer on the top of the oxide.

4. After the passive circuitry is complete, active devices such as transistors and diodes are mounted and
bonded to the substrate. Discrete components mast be comparable in size to thin-film elements, therefore hybrid
circuits use either active devices of adequately decreased dimentions or unpackaged (uncased) devices. Contact
between active parts and passive elements can be made by one of the known methods such as
thermocompression, ultrasonic and laser welding; the aim is to bond the lead wires of the active elements to
contact lands on the substrate. Hybrid circuits come in a variety of design versions, the planar type being most
popular. Assembled circuits are protected against external influences by encapsulating them into metallic or
ceramic cases with lead-out pins.

5. A multi-chip hybrid circuit includes a few unpackaged semiconductor ICs as active components, each
arranged on an individual chip.

6. What distinguishes film hybrid technology is its high fiexibility; namely, it affords a wide choice of materials
and techniques for the fabrication of film elements and makes available comparatively easy approaches both to
design and produce most circcuits in the hybrid version. Both thin-film hybrid technologies enjoy use today for
the
fabrication of passive elements. Thick films . range from tens to hundreds of micrometers in thickness; thin films
are usually a few micrometers thick. As regards the ability to conduct and the field of application, films can be
broken down into conducting, resistive, and dielectric types. Film microcircuits proper find very rare uses and
serve only as resistance or resistance-capacitance ICs. They usually perform the function of passive elements in
hybrid ICs. . :

7. The process of manufacturing hybrid ICs includes several basic stages: preparation of substrates and
photomasks, deposition of film passive elements and interconnections, trimming of resistors, attachment of
uncased active elements on the substrate, encapsulation, and testing.

Words to be learnt:

1. to take advantage of— Bocnonb3oBaTbCcH

2.to bond to — cBA3bLIBaATE, OLENNATH

3.to distinguish — pasnuyatb, NPOBOAWTL pasnunyne
4. approach — rnoaxoa

5.to range — knaccuguumpoBaTs

6.to break down into — 34. noapa3fenaTb Ha...

7 1o serve — roguTbceA, yAoBNETBOPUTD



ili. MepeBeguTe criegywolme CNOBOCOMETAHNA Ha aHMMUACKUIA A3bIK:

LVUCKPETHbIE MNONYMpOBOAHUKOBbLIE MPUOOPLI; CTEKMsIiHHAs unu Kepamuyeckas Moanoxka, pesncTopbl €
HUXPOMOBbLIM CMIMABOM, 30M0Tbleé MPOBOAHWKM, 0OpasoBbIBATL HeoBxoAuMble MAEHOYHble WabnoHbl Ha
NOAMNOXKE, YMEHbLLEHHbIE pa3Mepbl; KOMIMOHEHTb!, UCToNbyemble 6e3 Kopryca; COeANHATL NPOBOMOYHbIE BbIBOA
C KOHTaKTHOW NMOLWafKoW Ha MNOAMOXKE; PpasnuyHbie BapuaHTbi KOHCTPYKTUBHOrO WCMONb30BaHns,
METaNMMUYECKNE 1 KEpaMUUECKNe KOpMyca C METannmM4YeckumMu BoiBoAamu; GeckopnycHble nomynpoBOAHNKOBLIE
WC; Bbicokas rTMBKOCTb: NPOBOAALLME PE3UCTOBbIE U LUANEKTPUHECKNe BUAbI NNEHOK.

IV. 3aKOH4YUTE NPEANOXEHNS, OPUEHTUPYSCH Ha TEKCT, U NepeseanTe nx:
1 . A hybrid microcircuit consists of...

2. A multichip hybrid circuit contains...

S gives various values of the resistors.

4. Discrete components must be compared in size to.... therefore... .

5. Assembled circuits are protected against... by....

6. A multichip hybrid circuit includes....

7. Thick film ranges from..., thin films are... .

V. MepeBoauTe NpeanoxeHus, obpallas BHUMarue Ha ynotpebnenue repyHans B NPEAnoXeHnsx.

1 . In addition to creating insulating areas oxidation offers a practical method for growing silicon oxides at
low
temperatures.

2. Changing both the material for film depositions and the thickness of the films gives various values of the
resistors.

3. After completing the passive circuitry active elements such as transistors and diodes are mounted and
bonded to the substrate.

4. She computer achieves a higher productivity merely by having more circuits working at a time.

5. A capacitor is made by depositing a metal layer through a special mask.

6. Assembled circuits are protected against external influences by encapsulating them into metallic or
ceramic cases with lead-out pins.

7. Both thin-film and thick-film hybrid technologies are used today for fabricating passive elements.

8. Distributing materials and techniques for the fabrication of film elements makes available comparatively
easy approaches to design and produce most circuits in the hybrid version.

VI. OTBeThETE Ha creayowne Bonpochl.

1 . What does a hybrid microcircuit consist of?

2. What are the formation steps-for manufacturing a film passive circuitry?
3. What active elements are used for manufacturing hybrid microcircuits?
4. What are the advantages of film hybrid technology?

5. What types of films do you know?

6. What does the process of manufacturing ICs include?

VIl. MepeBeanTe MUKPOTEKCT. :

CaMOCTOSITENBHO NMEHOYHbIE MUKDOCXEMBI NPUMEHSIOTCS OYeHb PEAKO B KayecTBe PE3nCTOPHLIX WU
peancropHoemkyx UC. OBbIMHO OHM UCTIONbL3YHOTCA KaK OCHOBA rnépuaHeix UC.

Mpouecc uarotosneHnst rbpmaHbix MC COCTOMT 13 CNEAYIOLWNX OCHOBHBIX 3TanoB; WM3roToBIEHUE
NOANOXKY, POTOWABNOHOB W NNEHOYHOW NacCUBHON HacTy C, NOAroHKM perncTpoB, MOHTaX GeckopnyCHbIX
3NEMEHTOB U repMeTU3aLms, KOHTPOMb.

VIII.CocTaBbTe naH TeKCTa Ha aHTMUACKOM A3bIKe.

KpaTko n3noxwuTe B COOTBETCTBUM C NNIAHOM COAEpXaHus TekcTa. KcrnonbayiiTe cnefyrowne BbipakeHust:
1. This text is about...

2. Thisis....

3. The first paragraph introduces... the second advances the idea of....

4. In conclusion ... is given.

IX. MpounTaiite TekcT B 3a 10 MUHYT 1 OTBETbTE Ha CNedytoLLne BONPOCh!.
1) M3 Kakux aneMeHTOB COCTOAT TOHKOMMEHOHbIE nc?
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2) Yem oTNNMYEIOTCH TOHKOMNEHOUHbIE PE3UCTOPb! OT NOMYNPOBOSHUKOBLIX?

3) MNepeyncnute OCHOBHBIE NPOLECCHI NPOU3BOLACTBA TOHKOMMEHOYHBIX CXEM.

Thin-film Hybrid ICs A thin-film 1C includea each passive elements deposited on an insulating substrate as
resistors, capacitors, metallic conductors, and bonding pads. It should be noted that thin-film resistors and
capacitors are made to much closer tolerances than semiconductor counterparts and excell the latter in a
number of parameters, the temperature coefficient including. Thin-film passive elements are superior to
semiconductor elements in frequency properties, so the use of the former in high-frequency and microwave
devices offers substantial advantages. Thin-film ICs are cheaper than monolithic microcircuits, but are larger. A
typical process for the manufacture of a thin-film circuit comprising resistors and capacitors with appropriate
interconnections consists of the following stages: — deposition on the substrate of a tantalum layer and its
thermal oxidation to transform it into an oxide that protects the substrate against etchants used in subsequent
operations;

- deposition of the second tantalum layer and its subsequent etching to form tower capacitor plates;

- oxidation of tantalum to form a dielectric for capacitors; — deposition of one more tantalum layer to
produce upper capacitor plates and resistors;

- growth of an alumonum layer on top of the tantalum layer; — etching of aluminum to obtain the desired
connection pattern with contact pads;

- etching of the resistive layer of tantalum oxide to form resistors.

Text C.
X. INpounTaiite TekcT C v nepeaante cogepaHue TekcTa No-aHrnneKu.
Substrates

The Materials employed tor insulating substrates of thin-film circuits are commonly glasses, ceramics and
glass ceramics. Glazed alumina is most popular. Substrates are usually rectangular or square in shape. The
thickness of substrates is 0.6, 1.0 and 1.6 mm.

The substrate of an 10 must have a high mechanical strength, low electrical conductivity, and good thermal
conductivity. The substrate surface must be mirror-like. The degree of surface finish determines the thickness of
deposited films. The process of fabrication of substrates includes several stages: blank cutting, lapping,
polishing, cleaning, washing, etching, drying, and last, ion bombardment using a glow descharge. She treatment
gives the desired surface finish and thus ensures a good adhesion of films to the substrate. Minute crystal
defects cause appreciable changes in the properties of thin-film elements.

XI. NpouunTaiTe TekcT [ v 3agaiiTe 10 BONPOCOB NO coaepKaHuio TekCTa.
Conductors and Contact Pads

Conducting films serve as interconnections, inductors, and capacitor plates.

The conductivity of a metal film depends on the film thickness. A film conducts well at a thickness of 0.1 The
materials for metallized current-carrying stripes interconnecting circuit elements and contact pads must fill the
following requirements.

1 . High adhesion to a substrate. Contact pads are subject to thermal shocks during soldering or welding
and
support the leads of active elements.

2. High conductance. The circuit designer usually specifies a lower level of connection pattern conducance
that ensures the adequate performance of the circuit.

3. Chemical stability. The factors affecting the quality of films are corrosion, structural changes leading to
disturbances in film layers are in contact with resistive elements, capacitor plates, and dielectrics. It is, thus,
essential to avoid chemical interaction of all circuit components both during the manufacture of a film microcircuit
and in the operating conditions.

4. Good solderability to enable adequate circuit assembly. Contact pads serve to connect the circuit to input,
output, and power supply lines and also to interconnect active elements through film stripes and jumpers.

5. The parameters of contact pads are a contact resistance, current-voltage characteristic, and noise
voltage induced by contacts.

6. The materials for thin-film conductors are commonly gold and aluminum vaporized in a vacuum.
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Unit 13.

Text A. Semiconductor 1C Assembly

Text B. Typical Circuit Packages.

Text C. Assembly of Hybrid Integrated Circuits.
Grammar Revision. Infinitive.

Terminology N

1 . package — KOHCTpyKLMS Kopnyca, Kopnyc

2. diamond scribe — anmasHeblit pesel scribing — ckpaitbuposaHue

3. dicing — peska

4. a header- kpucTannogepxaTterb, OCHOBaHue kopnyca package header -ocHoBaHwe kopnyca

5. metal envelope -meTannuyeckuit kopryc

hermetically sealed metal envelope — repmeTU4eckun CnaeHHbIR Kopnyc

6. epoxy resin coats — NOKpPbITUS 3MOKCUZHOW CMOIOM

7. a metal can — meTannuyeckuit kopnyc

8. to mold — npeccoeathb, hopmoBaThb

9. lead — BbIBOZ, pacnosioxeHue BbIBOLOB

lead pitch — pasmep Lwara pacnonoXeHusi BLIBOAOB

10. duel-inline package — kopnyc ¢ BbIBOLaMU NO AMUHHLIM CTOPOHAM OCHOBaHUSA KOpnyca ¢ O4WHaKoBOM
reomeTtpuein oTrnbku

1. quad-inline package — kopnyc ¢ BbIBOZAMM 110 ANUHHBIM CTOPOHAM OCHOBAHWS O OTrMOKOW B
LWAXMaTHOM nopsiake

12.joint — cnait

13. brazing — naitka cpeaHennaskum NpUNoeM (C TebinepaTypoi nnasneHus sbie 500°C)

14.moiten glass bonding — naiika npunoWHbIM CTEKNIOM

1. TlpoBepbTe, 3HaeTe nu Bol cregytolue crnosa:

wafer (n), contain (v), separate (v), mount (v), encapsulate(v), protect (v), protection (n), influence (n),
commonly (adj), welding (n), soldering (n), design (n,v), dimension (n), shape (n), however, heavy (a), light (a),
ratio (n) ,

Il. MepeBenunTe cnegyloLle CNOBOCOYETAHUS Ha PYCCKUIA A3BIK:

after sorting out the chips; it is first necessary to mount; to connect the circuit to; plastic enclosure; ceramic
and metal-ceramic package; to bond together by thermocompression; a uniform distribution of stresses; reliable
sealing of the chip; planar leads; to depend on the design.

Semiconductor 1C Assembly"

A set icon wafer can contain several hundred integrated circuits. Before proceeding with assembling, the
wafer need be cut vertically and horizontally with a diamond scribe to separate it into individual chips. This
operation is known as dicing, or scribing. After sorting out the chips, the assembly proper follows, For this, it is
first necessary to mount the chip on a header, then bond or solder it to connect the circuit to the header
terminals, and finally, encapsulate or package the mounted chip to protect it against mechanical and
environmental influences. .

Typical encapsulations for integrated circuits are hermetically-sealed metal envelopes, epoxy resin coats
and other plastic enclosure, and ceramic and metal-ceramic packages. Ceramic and metal-ceramic packages
are commonly meant for 1C designed to operate in adverse mechanical and environmental conditions. A metal-
ceramic enclosure consists of a ceramic header (envelope bottom) and a metal can or cover bonded to the
header by welding or soldering in a ceramic enclosure both the header and the can are made from a cermic
material and bonded together, a plastic package has its can and bottom molded of a plastic material and bonded
together by themocompression. Plastic packages are suitable for ICs intended for work in all but too arduous

conditions.



14

The design of a package is chosen proceeding from service conditions and requirements for equipment
dimensions, type of assembly and tests of the encapsulated ICs.

Packages can be cylindrical and flat in shape, with leads running parallel or normal to the header plane. 1C
packages can be classified by the overall and mounting dimensions, the number of leads, and the lead pitch
(spacing between leads). The lead pitches of circuit packages are given in Table I.

Table | Type 1 Package shape Lead

Lead pitch

1 Rectangular Vertical 2.5 mm
2 Rectangular Vertical 2.5 mm
3 Bound Vertical 30] 36 450
4 Rectangular Planar 125 mm

All these types, except the first, are suitable for semiconductor ICs. The second type has three
modifications.

1. The dual-in line package.

2. The quad-in line package.

3. The package is arranged along the perimeter and each bent in the same fashion.

The 3d type is cylindrical in shape. The round shape of the package ensures a uniform distribution of
stresses in the joint, reliable sealing of the chip, and good protection of the 1C against mechanical influences.
This type of package, however, suffer from some disadvantages: it can hold a chip not over 2,56 by 2.5 mm in
area, has a limited number of leads, and is comparatively large in size and heavy.

The 4th type with the leads parallel to the package plane is also built in three design variants. The cans
mounted on ceramic heads can be both metallic and ceramic.

Plat packs with planar leads are generally 2 or 3 mm high. The maximum power of ICs enclosed in these
packs ranges from 200 mW to 1000 mW. The leads are strips 0.1 mm thick soldered to the pack walls.
Depending on the design of flat packs, the assembling can be done by welding, brazing, or molten glass
bonding. The main advantages of flat packs are that they are light and small, in size and exhibit a comparatively

_Aarge chip area-to-pack area ratio. '

Words to be learnt:

1 . bo proceed — NpoAocKUTb, NPUCTYNUTL K

2. adverse conditions — HeBnaronpuaTHele ycnosus 5. arduous conditions — TpyAHble YCrOBUS
4. enclosure — ob6onouka, kKopnyc

5. to intend for— npegHasHavats gns

6. to ensure — obecnedunBaTtb

7. to exhibit — nokasbiBaTh, NPOABRNSATL

l1l. MepeBeauTe cneayioLme CIOBOCOUYETAHUS Ha aHITIMACKMI A3bIK: -

Pesatb anmasHbiM pes3LoOM MO BepTWKanu W ropu3oHTanu, peska, 3aluTuTe OT MexXaHW4eCKux #
KIIMMaTUYECKNX BO3AEHCTBUN, TEPMETUYECKW A KOpryC, MOKPbIBaTb 3MOKCUAYOW CMOJOW, Kepamuyeckue,
meTannokepaMuieckMe M nnacTMaccoBble Kopryca, AeicTBoBaTb B HeGnaronpuatHbIX MexaHUudeckux u
KITMMaTUYECKUX YCIIOBUSIX, COEAUHATL C METaNNMYeCKo/ KPbILLKON CBapKON Uni NANKOW, YCNoBuUs skcnnyarauus,
TpeboBaHus Kk rabaputam annapartypbi, Kpyrnele v Niockue Kopnyca, pacrnofioxexne BblBOLOB, pasMep Liara
pacnonoOXeHus BbIBOJOB, oBecrneunsaTb PaBHOMEPHOE pacnpefeneHne MEXaHWYecKux HampsikeHui B cnae,
BbIMOMHUTE COOPKY C MOMOLUBIO... , CPABHUTENBHO BbICOKOE OTHOLUEHUE Nnolwjafun Kpuctannia Kk pasmepom
kopryca.

IV. NepeBeauTe NpeanoxeHus, odpallas BHUMaHue Ha ynotpebneHne nHguHutusa:

1) Aluminum is the most problematic material to be used tor metallization in maintaining contact stability.
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2) To manufacture a hybrid microcircuit active devices such as transistors and diods are mounted and
bonded to substrate.

3) To be more economically competitive, more and more systems will incorporate micros.

4) Loaf semiconductor devices are known to be made by introducing controlled numbers of impurity atoms
into a crystal.

5) Before discussing the patterns themselves it is necessary to exmine factors which are likely to intefere
with the results.

6) The basic demand appears to be conductivity because it can substantially improve the resistance.

7) To form a film passive circuitry stripes of silver, aluminum or gold are grown by evaporation.

8) The structure of an integrated circuit is sure to be complex both in the topology of its surface and in its 4
internal composition.

9) A thin film happens even to be employed to select the areas on a wafer that are to be oxidized. -

V. OteeTbTe Ha creayloLLme BONpoCs!:

1 . What operations should be done before assembling?

2. What packages are used for intergrated circuits?

5. What are the types of packages?

4. What packages are designed to operate in adverse mechanical and environmental conditions?

5. What modifications does the second type have? 6. Describe the third type and its disadvantages. 7. Can
the cane mounted on ceramic heads be only ceramic? 8. What are the advantages of flat packs?

V1. NepeBeamTe MUKPOTEKCT.

B 3aBMCMMOCTM OT KOHCTPYKUMM MMOCKMX KopnycoB npu cBopke MOryT MpUMEHATBCA CBapka,
BLICOKOTEMNEPATYpPHas naika TBEpObIM NPUNOeM 1 naiika npunoiHeiM cTeknoM. OCHOBHBIMU JOCTOMHCTBaMU
niaHapHbiX KOPNyCcOB SIBMSIOTCA Manbie pasmepbl U Macca, a TakKe CPaBHUTENbHO BbICOKOE OTHOLWIEHME
nnowaau KprucTanna Kk pasmepam kopryca.

VIl. CocTtaBbTe NaH TeKCTa Ha aHrMUACKOM A3blKe.

KpaTko M3noxute B COOTBETCTBUM C MITAHOM COAEpKaHUe TekcTa.

VicnonbayiiTe cnegyroLime BbipaXXeHus. A

This text is about.... It introduces.... It advances the idea of... In conclusion... is given

VIIl. MpounTaiite TEKCT CO cCnoBapem, o3arfiasbTe ero U 3agaiTte 10 BONpOCoB No COAEPMKAHMIO TeKCTA.

In mounting a chip on the header, the chip is held with its gold-plated face down and then pressed onto the
gold-plated header mounted on a header anvil, A eutectic such as a gold-silicon or gold-germanium alloy that
forms under heat provides a good bond on cooling. All electrical connections are then made between the contact
pads on the chip and lead-out pins of the header using thin gold wire attached by thermocompression bonding.
This done, a gold-plated cover can is mounted on the header and hot-welded to form a sealed envelope.

There are other methods of bonding the chip to a header. in wide use is the flip chip method for attachment
of active elements provided with ball leads, solder bumps, and beam leads. The method combines the
operations of mechanical bonding and electrical connection of the chip to the header. This is essentially a
thermocompression bonding method by which the chip is mounted, face down, onto the heated header and then
pressed against it, so that the spider bumps (preliminarily built up on the chip) make contact with the conductor
pattern and form soldered joints. Another method of bounding uses a lead frame to attact the chip to its
spiderlike lead pattern. The method is rather simple end inexpensive.

High-power ICs require massive headers with external or built-in heat sinks to remove excess heat. The
plastic package with a T-shaped heat sink allows the power dissipation of an 1C amplifier to be brought up to 6
W without overheating (for a common package, it reacts 1 W).

Each package bears on its surface, the designation of the 1C the date of manufacture, and the
manufacturer's trade mark. To determine the lead number on the envelope the first lead is made to differ in
shape from the others.



