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Preface

This textbook of technical English is intended for teaching undergraduates and graduate
students majoring in information technology, communication engineering, electronic engineering,
computer and related subjects.

English as a medium of communication is very imf)ortant in students’ future career. Our
graduates will face a diversity of scientific articles, technical documents, product manuals,
commercials, and other materials in Eng]ish. However, having learned English ever since they
entered primary school, many university students in their junior and senior years still lack
adequate experiences and abilities in using the language as a tool. They are unable to acquire
information and knowledge in the fast growing technological fields, let alone express themselves
in English orally or in written form. The problem does not primarily lie in grammar or
vocabulary. Indeed, many students have a good mastery of the knowledge about English, but
perhaps not the English language itself. They may know almost every rule of the grammar as
well as a fairly large quantity of words, even rarely used ones. Some show extraordinary skills in
tackling various exams. When coming to practical uses, however, things become quite different.
Many students find it difficult to read technical materials at a reasonable speed and catch the
message accurately, and don’t know how to write in English correctly.

In view of the above, we emphasize actual use of the language, rather than the grammar.
Taking into account the limited classroom hours and the practical needs of most students, this
course mainly focuses on teaching student to read. The book covers a range of topics including
communications, signal and information processing, electronic circuits and systems, microwaves,
optical fibers, biomedical engineering, computer science, etc.’ Each unit consists of a text of
2500-3500 words in two or three parts, a vocabulary, some notes on the text, materials for
off-classroom reading, and exercises. The exercises are not designed for grammar review, but
rather, should be used as a supplement in improving students’ reading ability.

It should be noted that, without a substantial amount of reading practice outside the
classroom and continuous efforts after this course, only attending the lectures is far from enough
for a student to be able to use technical English proficiently. Therefore, students are strongly
encouraged to read as much as possible, not confined to the materials in the textbook.

Writing is not the main objective of the course. Nonetheless, we believe that reading
proficiency resulting from intensive practical use ar‘ld a good habit of careful observation while
reading will greatly help enhance writing ability. Notes on how to write technical English are
included in the Appendix. '

This textbook is a result of many years’ teaching practice of the authors and all members of
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the teaching group. The authors wish to express their sincere thanks to Chen Quanlin, Shi Hai,
Zhu Qiuyu, Shi Xuli and Li Yingjie for their contributions and invaluable help over the years.

Without doubt, this book needs further improvements. Therefore any comments or
recommendations are sincerely welcome and highly appreciated.

Wang Shuozhong, Huang Sujuan
October, 2007
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Unit1 Electronics: Analog and Digital

Signals in electron

Text

Part I: Ideal Operational Amplifiers and Practical Limitations

In order to discuss the ideal parameters of operational amplifiers, we must first define the
terms, and then go on to describe what we regard as the ideal values for those terms. At first
sight, the specification sheet for an operational amplifier seems to list a large number of values,
some in strange units, some interrelated, and often confusing to those unfamiliar with the subject.
The approach to such a situation is to be methodical, and take the necessary time to read and
understand each definition in the order that it is listed. Without a real appreciation of what each
means, the designer is doomed to failure. The objective is to be able to design a circuit from the
basis of the published data, and know that it will function as predicted when the prototype is -
constructed.” It is all too easy with linear circuits, which appear relatively simple when compared
with today’s complex logic arrangements, to ignore detailed performance parameters which can
drastically reduce the expected performance.’

Let us take a very simple but striking example. Consider a requirement for an amplifier
having a voltage gain of 10 at 50 kHz driving into a 10 k2 load.> A common low-cost, internally
frequency-compensated op amp is chosen; it has the required bandwidth at a closed-loop gain of
10, and it would seem to meet the bill.* The device is connected, and it is ‘found to have the
correct gain. But it will only produce a few volts output swing when the data clearly shows that
the output should be capable of driving to within two or three volts of the supply rails.” The
designer has forgotten that the maximum output voltage swing is severely limited by frequency,
and that the maximum low-frequency output swing becomes limited at about 10 kHz. Of course,
the information is in fact on the data sheet, but its relevance has not been appreciated. This sort
of problem occurs regularly for the inexperienced designer. So the moral is clear: always take the
necessary time to write down the full operating requirements before attempting a design.
Attention to the detail of the performance specification will always be beneficial. It is suggested
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the following list of performance details be considered: ,

1. Closed loop gain accuracy, stability with temperature, time and supply voltage

2. Power supply requirements, source and load impedances, power dissipation

3. Input error voltages and bias currents. Input and output resistance, drift with time and
temperature

4. Frequency response, phase shift, output swing, transient response, slew rate, frequency
stability, capacitive load driving, overload recovery

5. Linearity, distortion and noise

6. Input, output or supply protection required. Input voltage range, common-mode rejection

7. External offset trimming requirement

Not all of these terms will be relevant, but it is useful to remember that it is better to

consider them initially rather than to be forced into retrospective modifications.

All parameters are subject to wide variations

Never forget this fact. How many times has a circuit been designed using typical values,
only to find that the circuit does not work because the device used is not typical?® The .above
statement thus poses a tricky question: when should typical values and when should worst-case
values be used in the design? This is where the judgment of the experienced designer must be
brought to bear. Clearly, if certain performance requirements are mandatory, then worst-case
values must be used. In many cases, however, the desirability of a certain defined performance
will be a compromise between ease of implementation, degree of importance, and economic
considerations.’

Do not over-specify or over-design

In the end, we are all controlled by cost, and it is really pointless taking a sledgehammer to
crack a nut, Simplicity is of the essence since the low parts count implementation is invariably
cheaper and more reliable.®

As an example of this judgment about worst-case design, consider a low-gain DC
transducer amplifier required to amplify 10 mV from a voltage source to produce an output of
1 V with an accuracy of £1% over a temperature range of 0~70°C.? Notice that the specification
calls for an accuracy of +1%. This implies that the output should be 1 V £10 mV from 0 ~ 70°C.
The first step is, of course, to consider our list above, and decide which of the many parameters
are relevant. Two of the most important to this (very limited) specification are offset voltage drift
_ and gain stability with temperature. We will assume that all initial errors are negligible (rarely
the case in practice). The experienced designer would know that most op amps have a very large
open-loop gain, usually very much greater than 10000. A closed-loop gain change of +1%
implies that the loop gain (as explained later) should change by less than +100% for a
closed-loop gain of 100."° This is clearly so easily fulfilled that the designer knows immediately
that he can use typical open-loop gain values in his calculations. However, offset voltage drift is
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- another matter. Many op amp specifications include only typical values for offset voltage drift;
this may well be in the order of 5 pV/°C, with an unquoted maximum for any device of 30
uV/°C.M If by chance we use a device which has this worst-case drift, then the amplifier error
could be 30x70=2100 uvV=2.1 mV over temperature, which is a significant proportion of our
total allowable error from all sources.

Here is a case, then, where one can be confident that the typical value of open-loop gain can
be used, but where the maximum value of drift may well cause significant errors. This sort of
Jjudgment is essential in careful design, and great care is required in interpreting manufacturers’
data. This consideration must be extended to all the details listed above apart from the fact that
worst-case values are often not quéted. It is often found that values given are not 100% tested.
Statistical testing is employed which, for example, guarantees that 90% of all devices fall within
the range specified. It could_ be very inconvenient for the user who relies on the specified
performance and then finds that he has several of the ‘other’ 10% actually plugged into his
circuit."? '

Part II: Data Registers and Counters

Data register

The simplest type of register is a data register, which is used for the temporary storage of a
“word” of data. In its simplest form, it consists of a set of N D flip-flops, all sharing a common
clock. All of the digits in the NV bit data word are connected to the data register by an N-line “data
bus”. Figure 1.1 shows a 4 bit data register, implemented with four D flip-flops. The data register

is said to be a synchronous device, because all the flip-flops change state at the same time.
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Figure 1.1 Four-bit D register
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Shift registers

Another common form of register used in computers and in many other types of logic
circuits is a shift register. It is simply a set of flip-flops (usually D latches or RS flip-flops)
connected together 56 that the output of one becomes the input of the next,' and so on in series.’ It
is called a shift register because the data is shifted through the register by one bit position on
each clock pulse.” Figure 1.2 shows a 4 bit shift register, implc‘:mented with D flip-flops.




