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§ 1. Introduction
Preliminary exercises
I. Learn the words below.
acquaint - знакомить, информировать
ambiguity [aembifgju(:)iti] — двусмысленность, неясность
depart from - сворачивать в сторону, отступать
manual - пособие, справочник
glossary - глоссарий, толковый словарь к тексту
industry-wide standards - крупносерийные образцы
outline - план, схема
silk screen - трафарет
soldermask - слепок припоя, паяльная маска
take into account - принимать во внимание
screening — экспонирование
П. Read and translate the text.
The purpose of the manual is to acquaint the reader with the manu​facture of printed circuit boards in general. It is written for someone having a basic understanding of how PC boards are made but lacking the detailed knowledge. It contains a glossary of terms, which occa​sionally raise questions or lead to ambiguities. You can find detailed information on different aspects of PC board fabrication.
Let us start with the description of how a double-sided printed cir​cuit board with plated through holes is manufactured. Multilayers will be discussed later. To correctly produce the circuits a sufficiently com​plete set of documents is required. This means that the manufacturer must know the number of layers, what printed circuit board material and lamination thickness are to be used, where to drill all the holes, what the various hole sizes are, which holes are plated through and which are not. We must obtain or be able to produce a photographic image of the printed circuitry to be produced on each layer of the board as well as photos for the soldermask and silk screen, if required. The documentation must define the shape and size of the finished circuits.
Other features of the boards, which depart from industry-wide standards, must be defined if they are to be taken into account during fabrication. Rather than by beginning with a complete description of the many ways in which this information can be provided, it will be better to go through a discussion of the various processing steps.
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Exercises
I. Find in (he text, analyze and translate the sentences with
nio<l;il verbs and their equivalents.
II. Mini and translate the words with the suffix -er in the follow​
ing words:
Reader, customer, cover, later, number, layer, further, rather, better, order.
III. Find in the text and write out pairs of words with Partici​
ples I and II. Translate them.
IV. Answer the following questions.
1. What is the purpose of the manual?
2. What must the manufacturer know to produce a circuit?
3. Does the documentation have to define the shape and size of the
finished circuits?
4. It will be better to go through a discussion of the various process​
ing steps, won't it?
V.
Get ready to discuss the main points of the text.
§2. Materials Preliminary exercises
I. Learn the words below.
Copper-clad laminate - плакированный медью слоистый мате​риал
specify (v) - точно определять
procurement [pre'kjuoment] - получение, приобретение, закупка
short run — небольшая партия
in-house — местный, собственного производства
ероху - эпоксидный
П. Translate the following verbs:
a) arrange - rearrange; build - rebuild; group - regroup; place - re​place; use - reuse;   b)  recognize, remember, require.
III. Read and translate the text.
First, a material is selected. Most often the choice will be a copper-clad laminate of the following thickness: .031", .062", .093" or .125". Occasionally, a thickness of .047" or .055" will be specified. These are the standard thicknesses; anything else will require the procurement of special material. In the case of short runs the manufacturer can make in-house whatever special thickness is required. The standard material is referred to as FR-4 (flame retarded), which meets the highest flamma-
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bility rating. The considered PC boards meet this standard. FR-4 mate​rial is basically fiberglass with copper cladding laminated to it. Fiber​glass is a mixture of glass cloth and epoxy. It used to be called G-10 until the FR-4 (flame retarded) version virtually replaced it entirely. Some folks however still refer to it as G-10.
Other material types are sometimes required for specific reasons. Teflon based materials can be used as well as FR-4 ones. The Teflon based materials are chosen for their special dielectric constants, a measure of the electric field density within the material. The dielectric constant of FR-4 is somewhere between 4.5 and 5.4. Vacuum is 1.0. Teflon glass allows for much lower and much higher values and for the low loss, which customers may require in their products. Teflon glass is generally employed for very high frequency circuits.
Polyamides or special high temperature epoxy materials are occa​sionally requested as the customers boards will be subjected to sus​tained temperatures above the 135° С which FR-4 is rated for. Polyam​ides will work at temperatures up to 225° C.
Exercises
I. Give the corresponding English equivalents from the text:
нижеследующий; иногда; какая бы дополнительная толщина ни потребовалась; относится к таким, как; соответствовать требова​ниям; так же, как; из-за; тефлоновое стекло учитывает; будут не​прерывно (длительное время) подвергаться воздействию темпера​турам выше...
IL Form new words with the help of suffixes:
a) -ment: to measure, to move , to improve, to require, to agree, to
settle, to establish;
b) -ness:   thick, cold, sound, damp, fit, happy, hard, sharp.

III.
Read abbreviations and translate them:
a) etc., i.e., e.g., viz., lb, ft, in, via;
b) 225° C, 0,75 %; 3,000 psi; 18.000 lb/in; 25 ft; 0,5f; .031"
IV.
Look through the text and find word combinations with
"for" and "as", translate them.
V.
Make a written translation without a dictionary (10 min​
utes).
Flex circuits are most often used as a replacement for wired cabling. Hard-flex circuits are a combination of two hard boards interconnected via a flex circuit. More popular is the use of Bendflex, which is a mate​rial that is processed flat and then, once assembled with components and permanently bent into a precise three-dimensional shape.
Bendflex is gaining popularity for use in matching the shape of the assembled PC board with severe spatial limitations of the mechanical enclosure, which is to contain the circuitry.
5

As multilayers will be discussed later on, suffice it to say that virtu​ally any specific thickness can be produced within the capability de​fined by the number of layers and various copper weights specified. The different possible lay-ups for making multilayers have resulted in a large number of available thickness for FR-4 materials thinner than .031" so that nearly any thickness less than .031" can be found for a double sided board or for building up a multilayer.
Notes:
enclosure - корпус
lay-up - наслаивание
process - обрабатывать; перерабатывать spatial [speijl] - занимающий пространство
suffice it to say - достаточно сказать
virtually - фактически, практически, в сущности
gain - получать, приобретать
VII.
Answer the questions:
1.
What are the standard thicknesses?
2. What boards meet the standard?
3. FR-4 material is basically fiberglass, isn't it?
4. What does the fiberglass consist of?
5. Why are Teflon based materials preferable?
6. Where are flex circuits often used?
7. Is Bendflex or FR-4 material gaining popularity now?
VIII.
Speak about different materials used in the circuit board fabri​
cation.
§ 3. Drilling
Preliminary exercises
I. Learn the words below.
assume - принимать; допускать artwork - оригинал фотошаблона bushing - втулка, вкладыш, бушинг align — располагать по одной линии; выравнивать sink - углубление, выемка
elaborate tooling - тщательно разработанная, усовершенство​ванная тех. обработка
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incorporate - объединять, включать, соединять
subsequently - впоследствии, затем, потом
stacks - множество одинаковых предметов; груда; партия
profiling - обшив по фотошаблону
П. Translate the words with the suffix -ing:
Engineering the job, fabricating the circuit, the drilling machine, the engineering group, the quality of the drilling, to act as a bushing, to pre​vent heating, the drilling can be done using more elaborate tooling, tool​ing holes, the screening of soldermasL
III. Read and translate the text-After engineering the job, the first step in actually fabricating cir​cuits is to drill the cut and pinned panels of material. FR-4 epoxy glass is assumed as standard. The panels to be drilled are cut to size and pinned to the table of the drilling machine. Generally, the panels are drilled 3high unless*, for reasons of small hole size, the engineering group specifies stacks of only two or even one panel. The pinned stacks include entry and exit material in order to improve the quality of drilling. Alu​minum entry material reduces the burr from drilling, acts as a bushing to hold better the drill bit straight and also as a heat sink to prevent ex​cessive heating the epoxy within the hole. All the drilling machines have automatic drill change; the drilling programs provide operator prompts, which assure that drills are replaced after a chosen number of hits so to maintain drill sharpness and thus drilling quality. The largest panels that can be conveniently drilled are Л8"х.24'\ drilling of larger panels is rare but can be done using more elaborate tooling and drill programs.
Drilling programs are made such as to provide test holes along the panel border, which are used to check hole quality and drill size and sharpness. Part of the drilling programs include the drilling of the various tooling holes which will subsequently be used to assure correct registration of the printed image, the screening of soldermask and the final routing( profiling) of the individual circuits. The accuracy of drill​ing is usually specified to be about .005" or .003". Each hole size re​quires a specific speed and feed of the drill tool. These feeds and speeds are incorporated into the drilling program by engineering.
Plated through holes are drilled approximately .005" larger than the specified size to compensate for the decrease in hole diameter due to the electroplating of copper and solder. Customer artworks should take into account the feet that the drilled holes, to which the artwork will be aligned, will be larger than the specified hole diameter by this amount.
Note:
*3high unless - не более трех в высоту
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Exercises
L State the function of the Infinitive in the underlined sentences and translate them into Russian.
IL Insert the proper Infinitive out of those given: to provide, to be drilled, to improve, to drilL
1. The first step in fabricating the circuit is ... the cut and pinned
panels of material.
2. The panels ... are cut to size.
3. The pinned stacks include entry and exit material in order ... the
quality of the drilling.
4. Such drill programs are made ... test holes along the panel bor​
der.-
III. Translate the words with the suffix -ing:
Engineering the job, fabricating the circuit, the drilling machine, the en​gineering group, the quality of the drilling, to act as a bushing, to prevent heating; the drilling can be done using more elaborate tooling.
V.
Answer the questions:
1. What is the first step in fabricating the circuits?
2. How are panels drilled?
3. Why do the pinned stacks include entry and exit materials?
4. Does the aluminum entry material reduce the burr from drilling?
5. All new drilling machines have automatic drill change, haven't
they?
6. What do some drill programs include?
7. What does each hole size require?
VI.
Write an annotation of the text in Russian.
§4, Deposition
Preliminary exercises
L Words and word combinations to be remembered.
back-up - резервное устройство
deposition — отложение, осаждение
ample - достаточный
familiarity - знание, ознакомленность, осведомленность
compliance - соответствие
turnaround - цикл, оборот
call upon - взывать, призывать
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II. Read and translate the text.
After drilling, a fabrication step is required which эд11 coat.the inside wall of the holes with a stable conductive material so that in a subsequent processing step the required thickness of copper can be electroplated within the hole. Normally, a minimum of ~1" of copper wall thickness is specified. Very occasionally, a customer will request a greater thickness of copper than that. There are currently two means of producing this initial layer of conductive material on the hole wall.
The conventional method is called electroless copper deposition. As its name suggests it is a technique which deposits a thin layer of copper with​out the use of electricity - by chemical means only. Whereas electroplat​ing, done later on with an electric current, is able to add as much Copper to the board as desired, electroless copper deposition will produce only a very thin copper layer of about 50 to 100 micro inches. While this is insufficient as a final copper thickness it is ample for the intervening processing steps until the electroplating phase is reached and a full one mil (.00Г) or more is added to the board and hole interiors.
Electroless copper deposition is a well established process. Unfortu​nately electroless copper deposition has certain disadvantages when it comes to waste water treatment and other environmental factors. As a result, various direct metallization processes have been developed as a re​placement. CFC has been at the forefront of these developments and, after years of familiarity with several of these processes, settled on the Shadow process.
The Shadow process is a graphite based process, which is completely environmentally friendly, and yields totally reliable plated through holes in the finished boards. Environmental compliance is of course essential for any PC board supplier who wishes to be a sure and reliable source for its cus​tomers. As a further advantage the Shadow cycle is roughly eight minutes as compared to the two hour cycle for electroless copper deposition. This can be extremely important in cases where CFCs very quick turnaround capability is called upon to spin a board around in a single day. Addition​ally, the Shadow process is both chemically simple to operate, and is done using automatically loaded and unloaded, conveyor equipment that virtually eliminates defects arising from excessive handling. CFC still has both proc​esses - principally Shadow but some electroless copper deposition - for rea​sons of back-up and for cases where electroless deposition is favored either for certain technical reasons or simply because all new processes are phased in at CFC in a carefully monitored manner so that reliability can be assured and fully documented.
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Exercises
I Give the corresponding English equivalents from the text:
Требуются этапы производства; так как само название предпо​лагает; на последующем этапе производства; традиционный метод; к сожалению; когда приходится очищать отработанную воду; был в авангарде; экологически безопасны; тщательно контролируемый метод; все новые процессы включены (введены в действие).
II.
Speak about two main techniques of deposition.
III,
Read and translate the text without a dictionary. Give the
title to the text.
Once the panels are depositioned or "shadowed", they are lami​nated with a dry film photoresist. This film is photosensitive and allows the panels to be printed and developed using the phototools that define the image of printed wires on the surfaces of the boards. The printing is done by exposing the panels to ultraviolet light through phototools pinned to the panel during exposure. The light intensity and time are chosen to provide a faithful copy of the phototool image and to assure the complete polymerization of the photoresist so that it will not de​velop away and will resist the acidic nature of the plating baths to be used later in plating copper, solder, and/or nickel and gold. The devel​oped pattern of traces appear on the panel as areas of copper uncoated by the photoresist. Those portions of the panel which remain coated with photoresist will not allow electroplating to take place so that the only areas which will later be plated with additional copper and with solder are those areas where the photoresist has been developed away.
§5. Photos
Preliminary exercises
I. Read the words and define by their suffixes what parts of speech they are, what parts of speech they are formed from and translate them:
variety, occasionally, unambiguous, fabrication, opposite, back​wards, error, emulsion, additional, acidic, exposure, subsequent, largely, polarity, reversal.
П. Learn the words below.
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anse - возникать, происходить
electroplating — электроосаждение
photoreduction - фотографирование с уменьшением изображе​ния, фоторедуцирование
legend - надпись, маркировка
equate (Ykweit ] - уравнивать, приравнивать
solder - припой, пайка; паять
letter (v) - штемпелевать, помечать буквами
silkscreening - трафаретная печать, сеткография
opaque [Wpeik ] - светонепроницаемый, темный
plot - строить трафик по координатам; диаграмма
backplane - основная плата, объединительная сборочная плата
photoprinting - фотолитография
clear - прозрачный
Ш. Pay attention to the meaning of the underlined words and memorize them:
deliver - доставлять, вручать, снабжать, поставлять, производить
develop — совершенствовать, разрабатывать, конструировать, проявлять (пленку), выдвигать
expose - экспонировать, вскрывать, обнажать, подвергать воз​действию
recognize — узнавать, признавать, осознавать
IV. Read and translate the text.
The phototools used to print the desired pattern of wires can be sup​plied or created in a variety of ways. But first, it may be useful to men​tion certain ambiguities that often arise and confuse when it comes to specifying the polarity of photos required for this printing step.
It should be made clear that CFC can always reverse the polarity of an artwork if it is provided in the form of delivered 1:1 photos, then a photoplotting file or even an old taped artwork must be photoreduced The problem is not so much that photos must be reversed, but rather whether in some designs the photos could be reversed. When printing a panel in order to get it ready for subsequent electroplating the photos used must be opaque where one desires the finished board to have metal. That is, the printed wire, also called traces or etches, must be opaque on the phototools.
Areas of the finished boards, that will be the spaces or only plastic, must be clear on the phototools. Generally, it is not a problem to know which areas of the customer's photo design are to be metal and which are to be plastic. However, an ambiguity occasionally arises when a cus​tomer, viewing a photo that is largely black in color, will instinctively
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call it a negative, probably in association wrhich the largely dark nega​tives that have been seen included in old black-and-white vacation pho​tos. The distinction is therefore not whether the photo is mostly dark or clear but whether the dark represents metal or plastic.
In cases where it's not obvious what areas are to be metal or plastic it is helpful to include on the artwork some means of deciding. Notes that are unambiguous are fine although notes of the type "Black is metal" should be avoided since reversing the polarity will also reverse the customer's intention. A legend showing a black square and equating it with metal is suitable.
Other ambiguities include the scale which the artwork is at. Generally it will be 1:1.
A note that says "Scale 2:1" or "Reduce 2:ltf is ambiguous since upon reduction the note will continue to read the same. The best one is a dimension indicator showing the precise length in inches or millime​ters between the two extremes of the indicator line. A dimensioned fab​rication drawing is a great aid in assuring the correct size of the finished parts.
A more important difficulty has to do with which way the board should be printed. That is, when you pick up a photo you can view it from one side or rip it over to view it from the opposite side. This is just as true when printing a PC board. On a double-sided board there is the component side and the solder side. The component side is often also called the top side or the front side. The solder side is also referred to as the etch side, wire side (for single sided boards), bottom side, back side. Now, even if one has identified one of the photos as the component side it is not always clear which way it should be viewed when printing the image onto the panel. If the photo contains some sort of lettering within the outline of the finished board then the ambiguity is resolved since manufacturers will not print a board with the lettering reading back​wards. The trouble is that sometimes there is no lettering on the board at all or it may not be clear if the lettering that is visible on the photo is actually within the outline of the finished board. It is the job of the en​gineering group to make sure that ambiguities of this type are resolved before the fabrication of the board begins. Still, provided all these am​biguities can be recognized and resolved earlier, time can be saved and confusion can be eliminated.
If there is no lettering within the finished board outline and if each photo is identified as being the component and etch side and if the board has a silkscreen then the ambiguity can usually be resolved since usually the silkscreen will go on the comp side2. But since it doesn'talways occur there is a small chance of error.
It is better for the customer artwork to have a company logo or a part number that is within the outline of the finished board.
Another area of occasional ambiguity arise among very simple, nearly symmetrical boards where, in addition to the problem alluded to above3 there is also the fact that a rotation of 90 or 180 degrees may seem to fit the drilled pattern, the discrepancy being as slight as to escape notice4 during the several panel inspection steps. An error of this type in CFCs doing can be avoided if the artwork also includes registration marks which will clearly indicate how the two printed layers and the pattern of drilling are all to be aligned.
Notes to the text:
1. is also referred to as - так же известно, как
2. comp side = component side
3. alluded to above = mentioned above - о которой говорилось выше
4.
discrepancy being as slight as to escape notice - расхождение
столь незначительно, что его можно не учитывать
Exercises
L Analyze and translate the sentences underlined in the text.
П, Find synonyms and translate them:
image, field, pattern, board, mistake, precise, actual, commonly, real, error, normally, panel, generally, area, exact
Ш. Translate the sentences below paying attention to the underlined word combinations:
1. First, it may be useful to mention certain ambiguities that often arise.
2. Even if one has identified one of the photos as the component side, it
is not always clear which way it should be viewed.
3. The trouble is that sometimes there is no lettering on the board at all.
4. In addition to the problem alluded to above, there is also the fact that
a rotation of 90 degrees may seem to fit the drilled pattern.
IV. Answer the following questions:
1. What may be useful to mention in specifying the polarity of pho​
tos required for the printing step?
2. When can CFC reverse the polarity of an artwork?
3. What does a dark area on a photo represent?
4. Why is a dimensional fabrication drawing a great aid?
5. How is it possible to avoid confusion related with viewing a photo
from the wrong side?
6. What are registration marks in the artwork for?
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V.
Speak about ambiguities arising while specifying the polarity of
photos.
VI.
Look through the text below and say what stands for AOI and
what this system is aimed at
Inspection
The printed images on all panels are inspected several times in the course of manufacture. While CFC still does much visual inspection par​ticularly for relatively easy and quick turn prototypes, more and more is being done on the automatic optical inspection (AOI) system. These sys​tems, used principally for complex high-density boards or multilayers and for long production runs, will reveal defects in printing or etching even un​der a mil1 in size. This allows all defects to be detected and corrected, also revealing any phototool defects which must be corrected As time goes on, more and more visual inspection can be replaced with AOI, which allows the improvements in yield. Inspection consists of examining printed panels prior to electroplating as well as inspecting the etched pattern of wires after etching. The inspectors and the AOI systems seek out any shorts and open2 or other defects and discrepancies which may have arisen.
Notes to the text:
1. a mil - одна тысячная доля дюйма
2. shorts and opens - замыкания и обрывы

§6. Plating

Preliminary exercises
I.
Read the following words and define what parts of speech they are:
rough, reflow, adhesion, baths, monitor, throughout, proprietary, within, im​pedance
II.
Memorize the following words:
assure — гарантировать, обеспечивать
plating - металлизация, нанесение покрытия
reflow—оплавлять, расплавлять
verify - проверять, подтверждать strip - удалять (фоторезист)
Ш. Replace the word groups in Russian by their English equivalents using the Infinitive:
1. A scanner is used to measure the total area of copper, на которую
нужно нанести покрытие.
2. Чтобы обеспечить the electroplating on the wall of the plated
through holes, the copper plating current and time are chosen.
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3. Для вскрытия дефектов in printing high-density boards, the AOI
system is used.
4. Чтобы дефекты были обнаружены и исправлены, visual inspection
is being replaced with AOI.
IV. Read and translate the text.
After the printed panels have been inspected and touched up1 where nec​essary they are subject to copper plating. The copper plating current and time are chosen to assure the electroplating of a minimum of .00 Ton the wall of the plated through holes. Copper plating is followed by solder plat​ing which, for boards that are to be reflowed, is plated to between 0.3 and 1.0 mils of tin-lead
The plating currents are specified on the operation sheet or traveler that follows along with the job. Engineering determines this current by using a scanner to measure the total area of copper to be plated. Correct plating re​quires the right level of current density on the board so that a smooth coat​ing of copper is produced in reasonable time. Too great a current density can result in a very rough or "burned" surface; too low a current will extend plating times and result in poor adhesion. As a back-up2, a proprietary im​pedance probe measurement is made within the plating tanks, which verifies that the right current level is being used. Following plating, two panels are stripped of photoresist and etched after which they are measured with a Caviderm and reflowed in order to check that both the copper plating and solder plating are within spec.
The plating baths along with all the various cleaning solutions are ana​lyzed periodically as required from a long history with these products. Some of the baths used are titrated and analyzed several times a day, others less frequently. Hole quality is further monitored by cross-sections which are done throughout the day, making it possible to judge the quality of drilling and plating and verifying that the thickness and smoothness of the copper plating is as required
Notes to the text:
1. touched up - исправленный, откорректированный
2. as a back-up — для подстраховки
3. caviderm - устройство для измерения толщины прибора
Exercises
I. Give answers to Yes/No questions:
1. Is copper plating followed by solder plating?
2. Does correct plating require the right level of current density?
3. Will too low a current extend plating time?
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4. Can too great a current result in a rough surface?
5. Have printed panels been inspected before copper plating?
IL Decide whether the following statements are true or false:
1. Solder plating is followed by copper one.
2. A scanner is to measure separate areas of copper to be plated.
3. Correct plating stands for obtaining a smooth coating of copper.
4. Some of the baths are titrated and analyzed twice a day.
5. To judge the quality of the copper plating cross-sections are
monitored throughout the day.
Ш. Read the text and say what stands for undercut and what should be taken into account during this operation*
Etching
It should be made clear at this point that the coating which resists the etching away of the copper traces is the solder plating over the pattern of circuits. After the photoresist has been chemically stripped away the panels are run through an etching machine that will attack the copper unprotected by a solder overlay, thus producing the etch runs in accordance with the im​age on the phototool.
In the course of etching there is what is known as undercut. As the sprayed etchant attacks the background copper, etching down through the copper thickness, it also etches a bit sidewise. That is, the etchant eats away downward and laterally as well, more so near the top of the trace than to​ward the bottom. This gives the cross-section of any etched traces a some​what trapezoidal shape with the base on the plastic surface of the board be​ing a wider one. The undercut is in the range of 70 % of the copper thick​ness to be etched. This will tend in effect to narrow the traces so that on oc​casion the customer documentation will be incompatible with the spec pro​vided. For example, line widths on the artwork might be inconsistent with the copper weight of the material specified. Engineering is expected to no​tice a problem of this type.
§7. Solder coating
Preliminary exercises
I. Check whether you know the following words: board (n)9 coa​ting (n)9 solidify (v), appearance (n\ grain {n\ melt (v), undesirable (adj\ assembly (w), adjacent (adj\ circuitry {n\ mobile (adj)9 lead («), costly (adj),
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П. Read and translate the given word groups:
finished assembled board; brittle epoxy soldermask coating; surface mount components; tight environmental regulations; sufficient waste water treatment equipment; solder reflow; reflow solder.
Ш. Translate the following words as verbs and nouns: cost, crack, scratch, coat, subject, lead, reason, bleed, mount, solder, m-dercut process.
IV.
Form the verbs corresponding to the given nouns:
assembly, application, subject, corrosion, conformation, production, so​lidification, contamination, regulation, interference, preference.
V.
Read and translate the text
Many boards that require coating of a soldermask are specified as sol-dermasks over reflowed tin-lead. Still, in fact, when no special note is pro​vided as to how a solder is to be applied, it is assumed that the process will be first to reflow the plated solder and then to apply a soldermask. Thus, a soldermask over reflowed solder sometimes also referred to as SMOTL-soldermask over tin-lead, in contrast with SMOBC described below.
Reflow is a process whereby the plated solder is heated to melting tem​perature and then allowed to solidify. The solder surface then takes on a shinier appearance due to the larger grain size and is less subject to oxidation over time. An important feature of the reflow step is to melt a very narrow overhang of the solder left on the etched traces due to the undercut described above. Without the reflow step this overhang can break away and result in extremely narrow slivers of solder all about the board clearly undesirable.
Another conventional process for producing printed circuit boards is called soldermask over bare copper or SMOBC. The reason for using SMOBC is to prevent a wave soldering operation during assembly from causing a very unaesthetic rippling, cracking or peeling of the soldermask on the solder side of the board. When boards are run over a solder wave in order to solder in all the components, the solder under the soldermask will definitely become molten. The brittle epoxy soldermask coating is not able to conform to the rippling melted solder and will often crack or break off. By making the board SMOBC, this problem is avoided since there will be no longer any solder under the soldermask. The appearance of the finished assembled board will thus retain its original unblemished cosmetics. An​other reason for using SMOBC as the preferred process is that it gives no chance of solder bridging between adjacent traces as the density of circuitry becomes high. Solder becoming mobile during assembly can move about whereas copper will not.
Some customers still prefer soldermask over tin lead because of the ex​tra protection the traces have with coating of solder. TTiis is particularly true
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for boards that will find themselves in a harsh and humid environment if the SMOBC hard is scratched The underlying copper may be exposed and eventually corrode. Soldermask over reflowed tin-lead is slightly less costly since the process contains fewer steps.
To make a SMOBC board the plated solder must be chemically stripped from the panel, the panel soldermasked and then the solder recoated onto areas of the board cleared of soldermask - principally the holes and pads. Though not strictly necessary, boards with surface mount components (SMT) are generally made SMOBC. This is due to the normally higher den​sity of these boards, and also so as to have the last coating step be the solder rather than the soldermask*. This avoids any bleed of the soldermask or soldermask residue from partially coating the pads and interfering with as​sembly.
More and more PC shops are converting to SMOBC only in order to avoid the tight environmental regulations on lead CFC has sufficient wastewater treatment equipment to safely deal with lead and avoid potential contamination of the water effluent so that either process posses no problem.
Note:
*so as to have the last coating step be the solder rather than the solder​mask - с тем, чтобы последним процессом изготовления было нанесе​ние припоя, а не маски.
Words to be remembered.
overhang—нависание, нависший край (резиста)
reflow -оплавление, расплавление
sliver [ slivs ] - отросток
plate - плата, подложка; наносить покрытие электролитическим методом
screen - трафарет, экран; проводить трафаретную печать, экрани​ровать,
residue - остаток, осадок
blemish - недостаток; портить, вредить
rippling — волнистость
Exercises
I. Translate the words proceeding from the meaning given in brackets: process (обрабатывать), processing, processor; prevent (предотвращать), prevention, preventive; specify (определять), specifica​tion, specific; safety (безопасность), safe; part (часть), partial, partially; expose (воздействовать), exposer, exposure; break (ломаться), breakable, breakage, breaker.
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II.
Give Russian translation of the English word combinations.
1. It is assumed, что процесс будет заключаться.
>.. •
2. Поверхность is less subject окислению.
3. Находящаяся под царапиной медь may be exposed and corrode.
4. Осажденный припой должен быть chemically stripped.
5. Это prevents bleed паяльной маски.
6. Производители стремятся to avoid contamination водных стоков.
7. Применение этой технологии poses no problem.
III.
Find synonyms:
Tight, board, contamination, reflow, strip, disadvantage, melt, pollution, harsh, adjacent, enough, plate, remove, clear, blemish, neighboring, suffi​cient, peel
IV.
Answer the questions.
1. What stands for the abbreviation SMOTL?
2. Why is reflow considered to be an important step in board fabrica​
tion?
3. What is another conventional process for producing printed circuit
boards?
4. What problem is avoided by making the board SMOBC?
5. Why do some customers prefer SMOTL?
6. Which soldermask is less costly and why?
7. Due to what are boards with surface mount components (SMT) gener​
ally made SMOBC?
8. What makes PC shops turn to SMOBS?
V.
Speak about two types of soldermask described in the text above.
§ 8. Screening
Preliminary exercises
I.
Read and translate:  a) word combinations and sentences;
b) word groups.
a)
SMT board can be made with either type of soldermask; photoi-
mageable soldermasks tend to be glossy; line width to be screened; within
the circuit board; in the case of gold plating;
b)
dry-film soldermask; regular screened-through-a-stencil soldermask;
lower cost replacement, screened carbon ink; gold and nickel barrier layer;
push button panel; wave soldering operations.
II.
Translate the following adverbs:
conversely, accurately, incorrectly, merely, prior too, thus, generally, eventually, typically, slightly, similarly, occasionally, virtually, in fact.
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Ш. Translate the sentences paying attention to the functions of Par​ticiples I and П.
1. It is necessary to maintain a certain distance between the panel
being screened and the stencil.
2. CFC prefers LPI soldermask as opposed to dry film.
3. Applied in liquid form, it coats the printed wires better and more
completely.
4. All screening inks and photoimageable soldermasks only fully
cured will withstand the cleaning and soldering operations.
5. Association assumed between these two technologies is incorrect.
6. The solder must be snapped from the surface of the areas in​
volved.
7. Many boards used require the selective plating of hard gold be​
ing done.
IV. Read and translate the text.
Screening consists of applying soldermask and silkscreened legend (or nomenclature). Soldermask is of two general types: screened through a stencil or photoimageable. The older and still more often used process is to screen on the soldermask epoxy ink through a stencil. This process requires careful technique and there is to be good regis​tration and little bleed of the soldermask ink onto areas, which are to be free of soldermask.
By its very nature, screening is limited in precision. In order to set a good clean image it is necessary to maintain a certain "snap-off1 distance between the panel being screened and the stencil. This makes sure that after the squeegee carrying the ink passes each point of the panel the screen will snap away quickly so that there is no smearing of the image. This snap-off distance however also makes it necessary for the screen to be distorted slightly during the process as the screen stretches into to be driven against the panel. This limits registration up to about .015".
Another type of a soldermask is a photoimageable one. This type can be either liquid (liquid photoimageable (LPI) soldermask or dry (dry film soldermask). Being photoimageable, these soldermasks can be registered to the pattern of pads and traces far more accurately than a soldermask screened through a stencil. The same precision is possible as that obtainable for printing the circuitry itself. Thus photoimageable solder masks are used when the density is so high that tight registration
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tolerances must be respected2. Typically, a tolerance and therefore clearance on the artwork of about .005" is sufficient.
It is important to keep in mind that the distinction between these soldermasks is principal whether they are photoimageable or not and not principal whether they are wet or dry when applied.
Another source of confusion seems to be an incorrectly assumed as​sociation between SMOBC, SMT3 and photoimageable soldermasks. SMOBC refers to a solder coating process; SMT refers to the type of pads on the board surface; photoimageable soldermasks refer merely to the type of soldermask used to cover the traces whether the latter are bare copper or solder coated.
In fact, a regular sreened-through-a-stencil soldermask is often used on SMOBC boards and, conversely, ptotoimageable soldermasks are often specified for boards with soldermask over renewed tin-led. Simi​larly, SMT boards can be made with either type of soldermask although if the customer has designed the soldermask artwork such as to place narrow "dams" between SMT pads, it would be better to use a photo​imageable soldermask.
CFC prefers LPI soldermasks as opposed to dry film. Applied in liquid form, the former coats the printed wires better and more completely, particularly when densities are very tight. Despite this, some customers however prefer the esthetics of the dry film soldermask. Photoimageable soldermasks are of a more complex chem​istry and are a bit more expensive to use.
Soldermasks are generally green and can be matte or glossy in ap​pearance. Photoimageable soldermasks tend to be glossy.
Another screening operation is to silkscreen on the component leg​ends. The standard colors are white, yellow and black although it is relatively easy to produce virtually any color desired. Line widths to be screened should not be less than .008" to screen correctly.
All screening inks and photoimageable soldermasks must be fully cured so that they will withstand the possible cleaning and wave solder​ing operations they might be subjected to.
Notes to the text:
1. aft snap-off ' distance - дистанция отрыва
2. that tight registration tolerances must be respected - когда тре​
буется допуск на точное совмещение
3. SMT (surface mount technology) - технология поверхностного
монтажа
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4. relating the two probably comes from the fact — это связывание двух терминов происходит оттого... Words to be remembered.
stencil -шаблон, трафарет
clearance -зазор; вредное пространство
squeegee —скребок, ракель
register (v) -точно совмещать
pads -контактная площадка
appearance - поверхность
matte/matt/mat - матовый
glossy - глянцевый
clear - бесцветный
legend/nomenclature [n^u'menktatjb] -системаусловных обозначе​ний, маркировка
cure - отверждать
Exercises
1.
Translate the underlined sentences in the text.
IL Translate the following sentences paying attention to the un​derlined words:
1 SMT boards can be made with either type of soldermask.
2. CFC prefers LPI soldermasks as opposed to dry film. Applied in
liquid form, the former coats the printed wires better.
3. Despite this some customers prefer dry film soldermask.
4. Photoimageable soldermask can be either liquid or dry.
5. Prior to electroplating gold a nickel barrier layer is first deposited.
6. Fiberglass used to be called G-10 until the FR-4 (flame retarded)
version replaced it entirely.
7. Even if one has identified one of the photos as the component
side, it is not always clear which way it should be viewed.
Ш * Answer the questions to the text
1. What does screening operation consist of?
2. What are two general types of soldermask?
3. Which process of screening is considered to be the older and
more often used?
, 4. When are photoimageable soldermasks used?
5. What are sources of confusion arising?
6. What boards are different types of soldermask better suited for?
7. How do soldermasks differ in appearance?
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IV.
Speak about:
1. Two types of soldermask screened through a stencil and a photo​
imageable one.
2. Boards made with the help of different screening techniques.
V.
Look over the text below. What operation is described?
Translate the text. Give a summary of the text.
Gold
Many boards require gold plating on certain parts of the circuitry. A prime example are the finger connectors of a plug-in connector. Gold plating thickness in this application is generally in the range of 30 to 50 micro inches or as specified by the customer. Before plating gold the solder must be stripped from the surface of the areas involved. This is done using platters tape in case of edge connectors. Selective gold plat​ing of any desired area within the circuit board requires a special pho​tomask. Prior to electroplating gold a nickel barrier layer is first depos​ited. Nickel is plated to a nominal thickness of 100 micro inches. This barrier layer prevents diffusion of copper into the gold.
The gold, which is plated onto an edge connector, is hard gold able to withstand hundreds of insertions*. Occasionally, for the purpose of wire bonding, soft gold is required. This is rare but the requirement does come up. Many boards used as a part of a keyboard or a push but​ton panel require selective plating of hard gold in the switch areas. CFC produces many boards of this type and also offers screened carbon ink as a lower cost replacement for gold when switch pads are built into the board design.
Note:
^insertions - установка компонентов
§ 9.   Routing
Preliminary exercises
I. Words and word combinations to be remembered.
assembly - сбор, сборка, хмонтаж; комплект, агрегат
break-away - отрыв
logistics - материально-техническое обеспечение
nib- острый кончик, клин; выступ, острие; шип
pallet - паллет; плита; шпатель
routing - схема движения, маршрутизация
tenting - покрытие в виде навеса, шатра
web - кусок пластины/платы
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П. Read and translate the text.
The final fabrication step consists of routing (or profiling) the boards. A routing machine is similar to the machines used for drilling and makes it possible to cut out the individual circuits with an accuracy of ±005".This operation may also include the secondary drilling of hole which are to be unplated. Very often, if such holes are not too large in diameter, secondary drilling can be avoided by "tenting" those holes dur​ing the printing process. By allowing the photoresist to completely cover these holes, no plating will remain with them after the etching process. Drilling all holes at the same time as a part of one operation (drilling) is a bit more precise than when two separate operations are done. The error is very small. The circuits can be cut out individually (singulated, as some say) or they can be delivered on a pallet (palletized) from which the sepa​rate circuits can be broken off after assembly. While palletization is a bit-more costly, it can greatly reduce assembly logistics and cost. The added cost is the result of more complex routing, and the customer may not ac​cept pallets having one or more defective circuits. So that the effective yield is slightly lower when the circuits are palletized. Palletization is most commonly done by cutting out most of the perimeter of the individ​ual circuits, leaving only small webs of unrouted material to hold the cir​cuits onto the pallet. When broken off the pallet small nibs are left. They may or may not be a problem for the customer. Various designs of these webs, using a series of small holes, can reduce but not eliminate the roughness at the break-away points.
Exercises
I. Translate the words. Give the corresponding forms of the
verbs: a) fabrication; operation; separation; reduction; palletization;
elimination; b) routing; profiling; drilling; tenting; plating; cutting;
printing; etching.
II. Find in the text, write out and translate the sentences with:
a) Gerund; b) Participle I.
IIL Ask ten questions to the text.
IV.
Discuss routing as a final fabrication step.
V.
Translate the text without a dictionary.
There is a tendency to confuse the terms "panel" and "pallet". The panel is the cut material earned from step to step in the factory. On it there are any number of circuits as deemed suitable by engineering. At the end of the process the routing step will cut out the shapes to be de​livered whether individual circuits or pallets. The pallet is the deliver-
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able item. It will contain whatever number of circuits. A panel might in some cases contain more than one pallet.
Nesting* is a technique whereby several individual circuits are placed on a single panel. In this manner, economies of the manufac​ture can be obtained. The only disadvantage comes about if the cus​tomer later wishes to run only a portion of the nested boards. In this case there will be a denesting charge.
Note:
^nesting - размещение компонентов в определенном месте
VI. Make a summary of the text.
§ 10. Electric Testing
Preliminary exercises
I. Words and word combinations.
bare board - пустая плата
bed of nails fixture - крепеж со множеством «ножек»
flip - легкий удар, щелчок
net list - общий, конечный список
shell — оболочка, корпус
rip — рвать, разрывать
П. Read and translate the text
Electrical testing of circuits is of course desirable so that the cus​tomer knows the bare boards he has received contain no shorts or opens and are therefore electrically sound. E-testing is done through the use of a "bed of nails" fixture which contains an array of spring loaded pogo pins that will be able to make contact with all the points on the board to be tested. Normally., a golden board is de​fined against which all boards are tested. The golden board is deter​mined by testing a small number of boards, say, five, which have been carefully inspected visually. If all five test identically, displaying the same circuitry to the tester, then any one of the boards is con​sidered a golden board and kept aside as the reference.
The test fixture for SMT boards are more complex to build. SMT fixtures must gradually guide the test pins into position through a series of drilled fixture plates.
SMT pad densities are tighter 50 that longer test pins and several inner fixture plates are needed to obtain consistent results. SMT boards make it possible to place components at both surfaces of the boards.
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So testing may be done from both sides. E-testing can then be of the rip type, where each side of the board is tested separately; or of the clam shell type, where both sides are tested simultaneously. The best test is a clam shell test but it is also the most expensive. Flip testing is generally the best compromise.
Exercises
I. Find in the text the adjectives in Comparative or Superlative degrees; give missing degrees of comparison: (the) biggest; longer; faster; (the) shortest; (the) heaviest; newer; more; (the) worst.
IL Analyze grammar constructions of the underlined sentences.
HL Complete the sentences:
1. E-testing of circuits is...
2. The golden board is determined...
3. ... is considered a golden board and is kept aside.
4. E-testing can be of the Rip type where ...
5. ... are more complex to build.
6. The best test is ...
7. Flip testing is ...
IV.
Give the corresponding English equivalents from the text:
быть желательным, содержат, электрически исправные, совокуп​
ность пружин, ножки (штырьки), редко, определяется по ..., либо
..., либо, внутренние фиксирующие платы, на обеих поверхно​
стях, одновременно.
V.
Write an annotation of the text.
§11. Multilayers
Preliminary exercises
I, Words and word combinations.
consider (v) - считать, рассматривать
ground layer - грунтовый слой
punching - перфорирование, пробивание отверстий
warpage - покоробленность, искривление
П. Read and translate the text.
The processing steps described above are considered to relate to the fabrication of double-sided PC boards. Multilayers contain internal circuitry as well. In the case of a typical four layer board the two inner layers are generally a ground layer and a power layer (or voltage) layer. Multilayer of six, eight or more layers are supposed to contain in
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addition other signal layers. Signal traces can also be integrated within the ground and power planes by leaving clearance all around the inter​nal signal lines.
Inner layers are straight etched by printing and etching with no need to go through an electroplating step.
The photos used are therefore of a polarity opposite to that which would be used for making outer layers. Thus, the inner-layer photo tools must be clear where there is to be metal and black where there is to be plastic. Holes which are to be connected to a particular layer are generally provided with what is called a thermal relief at the contact point Thermal relieves provide a good, low resistance electrical connection while inhibiting the flow of heat away from the hole which would make assembly difficult Holes which are not to connect must be cleared from making any contact with the plane in question. A clearance larger than the hole diameter being drilled is recom​mended although tighter tolerances are certainly possible. Inner layers are printed in a manner similar to that used to print double-sided boards. After all inner layers have been etched they are black oxidized, a process for assuring greater adhesion during the pressing and bonding step. The inner layers are bonded (laminated) together and to copper clad material making up the outer layers in a laminating press. The gradual and predictable rise of pressure and temperature during the laminating process is important. All inner layers are held together by a set of tooling pins, which are also used to pin the pressed panels to the drilling machine for drilling. All holes are located with respect to these tooling holes so that the punching of photo tools, the inner layer laminate, the printing of the inner layer patterns and the handling of inner layers throughout the pressing cycle are all important After the press cycle is complete the panels are cooled down in a cold press portion of the laminating press and then drilled. Following drilling the panels go through a de-smear (or etch-back) step where any epoxy smear over the inner layer connections is chemically removed. This assures the cleanliness of the exposed inner layer copper so that excellent electrical interconnection will result. The panels are then sent to electroless copper deposition in order to cover the hole walls with a conductive copper layer.
Exercises
I.
Find the words with the suffix -ing in the text Translate them
into Russian.
II.
Find equivalents of modal verbs in the underlined parts of
the sentences.
III.
Find sentences with Infinitive constructions in the text.
Translate them into Russian.
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IV.
Translate the sentences with the Infinitive constructions into
Russian:
1. Intensive research on optical-electronic computer is said to be go​
ing on in a number of US companies.
2. A method for recording information on crystal by means of a la​
ser is known to have been developed by Russian researchers.
3. The annual output of personal computers is expected to reach
millions in the nearfuture.
4. Optical technology has been found to be cost-effective.
5. The optical equivalent of a transistor is reported to have been
produced.
6. Our present day life seems to be quite impossible without a com​
puter.
7. Electricity proved to be able to travel instantly over a long piece
of wire.
8. Superconductivity is certain to bring about new discoveries in
science and technology.
V.
Translate the text without a dictionary. Give the title to the
text.
Before shipping the boards are once again inspected. Hole sizes and the board outline are checked against the fabrication drawing. Soldermask is checked for full cure and good registration. The hole pattern and the pattern of traces are also checked for registration and lack of breakout. The normal spec is therefore to be at least .002" of annular ring around the holes. The boards are checked for warpage, the most common spec being .010" per inch. The cosmetics of the boards and their overall appearance are in​spected. The boards are then sent to shipping where any special packaging and shipping instructions are reviewed.
VI.
Ask your group mates ten questions about multilayers.
VII.
Get ready to discuss main steps in printed circuits board
fabrication.
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