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How to Use This Book 

This book is divided into chapters called units. Read each unit 
in sequence, following the instructions given below: 

1. Read the Objectives at the beginning of each unit to find out 
what you will learn. 

2. Each unit is divided into sequentially numbered frames. Read 
the frames one after another. At the end of each frame fill in 
the blanks in the statements or select the correct answer to 
the multiple-choice questions. 

3. The correct answer to the question is given in parentheses at 
the beginning of the next frame. For this reason, keep the 
frames below the one you are reading covered. 

4. Answer the Self-Test Review questions at the end of each unit. 
Do this immediately after you complete the last frame. These 
questions summarize the key facts and concepts and help you 
to use what you learned immediately. This aids immeasurably 
in your understanding and retention. 

5. Try to complete one whole unit at each study session to main
tain continuity. If you cannot do this, be sure to review the 
earlier part of a unit before completing it. 

Now start with Unit 1. 

This book contains sections from The Howard W. Sams Crash Course in Micro
computers by Louis E. Frenzel, Jr. Copyright© 1980 by Louis E. Frenzel, Jr. Reprint
ed with permission of Howard W. Sims and Co., publisher. 
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Peripheral Equipment-Auxiliary Memory 
LEARNING OBJECTIVES 

When you complete this unit, you will be able to: 

1. Name the three types of mass-storage peripherals used with 
computers. 

2. Name the peripherals used to store and retrieve data from 
punched paper tape and tell how they work. 

3. List the advantages and disadvantages of paper tape as a 
mass-storage media. 

4. Read a binary or ASCII character from a punched paper tape. 

5. Name two types of magnetic media used in mass-storage 
peripherals. 

6. Explain the basic concepts of magnetic recording and 
playback. 

7. Define the Kansas City Standard audio recording technique. 

8. List the benefits and disadvantages of audio and digital 
cassettes. 

9. State the advantages of the floppy disk over audio and digital 
cassette-type mass storage. 

10. Define the terms soft sectored, hard sectored, drive mecha-
nism, drive electronics, controller, and interface. 

11. Name two techniques for increasing the storage capacity of a 
floppy disk. 

12. Explain terms: data clock, flux reversal, flux transition, NRZ, 
and cyclic redundancy check. 

13. Discuss the concepts of frequency modulation and modified 
frequency modulation. 

14. Understand the theory of positioning technique in disk drives. 

Unit 1 
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1 
Mass storage devices denotes peripherals that are used 
where a considerable amount of data and a variety of 
programs must be stored. The computer typically relies 
on its internal memory (RAM) to contain the programs 
and data that it is currently working with. However, there 
are some occasions when it is desirable to process pro
grams or groups of data larger than RAM. Some form of 
external storage is required. In general-purpose computer 
systems, it is also desirable to be able to execute a wide 
variety of programs. The computer can be used for many 
applications by simply changing programs. These pro
grams may be stored in some external removable media. 
When the desired program is to be used, the· computer 
calls for them and loads them into main memory where 
they are executed. 

Auxiliary memory peripheral units are used. for storing 
~~~~~~~~~-and~~~~~~~~~-

used by general-purpose computer systems. 

2 
(programs, data) Auxiliary memory peripherals greatly ex
pand the usefulness of any computer. Most computers 
are general purpose in nature and, therefore, can per
form a wide variety of operations. The only requirement 
is that there be an appropriate program for implementing 
the application. These programs ca:n be swapped into 
and out of memory on an as-needed basis. The external 
peripheral devices provide a convenient means for stor
ing these programs when they are not needed. The ex
ternal mass-storage media is also widely used to store 
large amounts of information that can be called by the 
computer when it is to be processed. 

Another name for auxiliary memory is 

3 
(Mass storage) 
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10 
CHARACTER 

PER INCH 
STORAGE 
DENSITY 

PARITY BIT - AN EXTRA OR 
EIGHTH BIT ADDED TO EACH 
WORD TO MAKE THE TOTAL 
NUMBER OF BINARY 1 BITS, 
INCLUDING THE PARITY BIT, 
EVEN. THE PARITY BIT IS USED 
IN ERROR DETECTION SCHEMES 
FOR DATA TRANSMISSION. 
IT IS OFTEN IGNORED IN 
MICROCOMPUTER SYSTEMS 

ASCII NUMBER 5 

ASCII LETTER Z 

FROM BOTTOM TO TOP, 
THE ASCII CODES FOR 
THE LETTERS A THROUGH Z 
AND THE NUMBERS 
1THROUGH0. 

ASCII LETTER A 

SPROCKET HOLES 
(DOES W COUNT AS 

A BIT POSITION) 

Figure 1-1 Typical punched paper tape 

4 
There are many different ways of storing data and pro
grams in a permanent form. A wide variety of different 
types of media are used for storage. The most common 
forms are paper tape and several different types of mag
netic recording media. Despite its age as a storage medi
um, paper tape is still used in computer systems to store 
information. Data is stored on the tape by punching holes 
that represent the binary information. The presence of a 
hole represents a binary 1, while the absence of a hole 
represents a binary 0. Data to be stored on the paper 
tape is transferred from the computer memory through 
one of the output ports to a peripheral device called a 
paper-tape punch. Typically the data punched on the 
tape is simply a binary copy or binary "image" of the 
memory content. 

The peripheral device used to store data on paper tape is 
called a ___________ _ 

5 
(paper-tape punch) Figure 1-1 shows a typical punched 
paper tape. The tape is one inch wide. The data is 
punched in rows across the tape with a density of ten 
rows per inch. Each row can contain up to eight holes. 
This allows a single byte to be stored in one row. Each 
row also contains a smaller ninth hole. This is the sprocket 
hole that is used to feed or drive the paper through the 
punch mechanism. The paper-tape punch usually punch
es the sprocket hole as the data is punched into the tape. 

A maximum of----
row on the paper tape. 

6 

bits can be stored in each 

(eight) One of the holes in the tape is smaller than the 
others and is called a hole. 

7 
(sprocket) Refer again to Fig. 1-1. Each row of holes can 
represent one byte of data from an 8-bit microcomputer 
memory. ASCII characters can also be accommodated by 
this storage medium. Since most ASCII characters contain 
seven bits, they can be easily fitted on the paper tape. 

Besides binary data, data is 
also punched in a paper tape. 

7 



8 
(ASCII) Paper tape is one of the oldest means of mass 
storage used in computer systems. It was widely used in 
early large computers and was used to a considerable 
extent with minicomputers. Early general-purpose micro
computers also used paper tape for mass storage. Its 
main advantages are low cost and high reliability. 

On the other hand, paper tape has several disadvantages. 
It is an extremely low speed form of mass storage. Data 
punching and retrieval are both slow. Paper tape is also 
inefficient in the use of storage media. It takes a tremen
dous amount of punched paper tape to store even small 
programs and groups of data. 

The two main advantages of paper tape as a mass-stor
age media are 
its 
and 

9 
(low cost, high reliability) The two main disadvantages of 
paper tape as a data storage media are 

its ---------
and ------------------

10 
(low speed, inefficiency) The peripheral device used to 
store data on the paper tape is called a paper-tape 
punch. The unit contains a row of nine punch elements 
which cut circular holes in the paper. These punches are 
actuated by solenoids which are driven by the computer 
data. When a binary 1 is to be punched, one of the sole
noids is actuated and forces the punch to make a hole in 
the paper tape. The data in the memory is transferred via 
an output port to the punch and punched into the paper 
tape. As indicated earlier, paper-tape punches are ex
tremely slow. Most of those used with microcomputer 
systems punch at a rate of approximately ten characters 
or rows per second. High-speed punches capable of 
punching several hundred characters per second (cps) are 
available. However, these are quite expensive, noisy, and 
not widely used in microcomputer systems. 

The average punch speed in microcomputer systems 
is cps. 

8 
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11 
(ten) The peripheral device used to retrieve data from a 
paper tape is called a paper-tape reader. A reader can be 
either mechanical or electronic in operation. Mechanical 
readers use a system of arms or brushes, one for each 
column of holes, that sense the presence or absence of a 
hole and create an electrical signal when a hole is present. 
Electronic readers use photocells and a light source to 
detect the presence or absence of a hole. The paper tape 
passes between the light source and a row of photocells. 
Where a hole appears, light will strike the photocell pro
ducing an electrical signal that indicates the existence of a 
binary 1. This parallel data is read into the computer 
memory through one of the input ports. 

The peripheral unit used to extract data from a paper 
tape is called a 

12 
(paper-tape reader) The speed of reading a paper tape is 
considerably higher than that of punching a tape. Me
chanical readers are the slowest and typically read at a 
speed of approximately ten characters per second. How
ever, electronic readers using photocells are much faster. 
Most of these can read at a speed of several hundred 
characters per second, and special units capable of read
ing at a speed of several thousand characters per second 
are available. 

High-speed paper-tape readers use ------
to detect the presence or absence of a hole. 

13 
(photocells) One of the most widely used paper-tape 
reader /punch peripherals is the unit that is part of the 
popular Teletype ASR-33 terminal. The paper-tape 
reader /punch is an integral part of this hard-copy termi
nal. The unit both punches and reads at the speed of 10 
characters per second. Serial data transfers to the com
puter are used with the reader /punch. While this device 
is extremely slow and noisy, it is very reliable. Minicom
puter and microcomputer systems still use this device. 

Other commercially available paper-tape reader /punches 
can take on a variety of forms. One popular unit, contains 
a 10-character-per-second punch and a 50-character-per
second reader. It is completely self contained and com
municates with the microcomputer through a parallel 1/0 
port. Go to Frame 14. 
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14 
While paper tape is still used in some computer systems, 
most modern systems use some form of magnetic stor
age media. See Fig. 1-2. In magnetic storage systems, the 
data to be stored is converted into electrical signals which 
in turn are used to create a magnetic recording on a tape 
or disk. The recording medium, tape, or disk, is usually 
made of Mylar or a similar plastic and coated with a mate
rial that can be magnetized. Electrical signals are applied 
to a record or write head that magnetizes a spot on the 
tape or disk. The data is permanently retained on the 
medium if it is not erased. When that information passes 
a magnetic read head, the magnetic field produced is 
picked up and converted into an electrical signal repre
senting binary 1s or binary Os. 

In most modern microcomputer systems, the mass-stor
age peripherals use some form of 
storage media. 

15 
(magnetic) The two major types of media used for storing 
data are and 

16 
(tape, disk) One of the most popular forms of magnetic 
mass-storage media is the audio cassette. The advantage 
of using commonly available audio cassettes is low cost. 
Virtually any low cost audio cassette player /recorder can 
be used to store and retrieve computer data. This type of 
mass storage is widely used in personal computer 
systems. 

Personal computers often use 

for mass storage. 

17 
(audio cassettes) To use a standard audio cassette 
player /recorder for storage and retrieval of computer 
data, the computer information must be converted into 
an audio signal. Binary 1s and Os are converted into audio 
tones that are then recorded on tape. These audio tones 
can, in turn, be retrieved from the tape and converted 
back into logic signals representing binary 1s and Os. The 
circuit that performs the conversion between audio and 
binary signals is called an audio cassette interface. A block 
diagram of such an interface is shown in Fig. 1-3. 

The circuit used to convert binary 1s and Os to audio 
tones and vice versa is called an ___ _ 

10 

INPUT CURRENT SET UP 
BY DATA TO BE RECORDED 

CURRENT OUTPUT INDICATING 
THE DETECTION OF A MAGNETIC 

PLASTIC 
BASE 

MAGNETIC 
MATERIAL 

AREA. 

MAGNETIC STORAGE MEDIA
TAPE OR DISK 

Figure 1-2 Fundamentals of magnetic recording and playback 
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Figure 1·3 A block diagram of a microcomputer using audio cassette mass storage 
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figure 1-4 Kansas City standard recording format 

18 
(audio cassette interface) While no firm standards have 
been established for audio cassette mass storage, a legiti
mate attempt was made. This has resulted in a loose set 
of specifications which have been adopted by many but 
have also been modified into a variety of ways. Known as 
the Kansas City Standard, these specifications indicate 
that a binary 1 is 8 cycles of an audio tone at a frequency 
of 2400 Hz. A binary 0 consists of 4 cycles of a 1200 Hz 
tone. The binary data to be stored is fed serially a bit at a 
time to an audio cassette interface which generates a 
2400 Hz tone for a binary 1 and a 1200 Hz tone for a 
binary 0. These audio tones are then recorded on the 
tape. To retrieve the data, the tones are converted into 
binary 1 and binary 0 voltage levels in a serial format. See 
Fig. 1-4. 

The Kansas City Standard states that a binary 1 is 
a Hz audio tone and a binary 0 is 
a Hz audio tone. 

19 
(2400, 1200) Another part of the Kansas City Standard 
indicates the recording rate. The standard rate is 300 
baud. At the 300-baud rate, approximately 300 bits per 
second can be transferred to or from the tape. This 
makes the recording speed somewhat over 30 bytes or 
characters per second. 

The Kansas City Standard states that the recording speed 
should be baud. 

20 
(300) While the Kansas City Standard is widely used, the 
specifications have been changed by many manufactur
ers to improve performance. For example, recording 
speed has been significantly increased in many systems. 
These systems use the same frequency tones for 1s and 
Os, but fewer cycles are used so that higher baud rates 
can be achieved. Baud rates of 500, 1200, 1500, 2400, 
and higher have been obtained with an audio cassette 
mass-storage system. These higher speeds increase the 
rate of data transfer and thereby greatly reduce the time 
it takes to load or store a program or data. It takes from 
several seconds up to many minutes to transfer data from 
an audio cassette tape depending upon the length of the 
program or data. 

Higher baud rates the time it 
takes to transfer data to or from an audio cassette. 

11 



21 
(reduce) The main advantages of audio cassette mass-
storage systems are their low cost and simplicity. Their 
disadvantages are unreliability and slow speed. 

The advantages of an audio cassette mass-storage system 
are 
and 

22 
(low cost, simplicity) The disadvantages of an audio cas-
~~ ~~m~ . 
and 

23 
(slow speed, unreliability) Another form of mass storage 
IJSed in microcomputer systems is the digital cassette. Dig
ital cassette systems are similar to audio cassette systems 
in that standard magnetic tape cassettes are used. The 
main difference lies in the recording technique. Instead of 
recording the binary data on the tape as audio tones, the 
data is recorded as magnetic marks. Refer back to Fig. 
1-2. As the magnetic tape passes the record head, a tiny 
portion of the magnetic surface is magnetized in one of 
two directions by the binary data. Each magnetized seg
ment of tape represents one bit of information. When 
this tape is played back, the read head converts the mag
netic marks or segments into pulses that can then be con
verted back into the original binary 1s and Os. 

The mass storage media used for storing digital data 
which causes binary 1s and Os to be recorded as magnet
ic marks on a tape is referred to as 

24 
(digital cassette) Like the audio cassette mass-storage sys
tem, data is recorded and played back sequentially on the 
tape. The data stored in the computer memory is con
verted from parallel to serial form. The words or bytes, 
depending on the machine, to be stored on the tape are 
then fed serially to the cassette recorder a bit at a time. 
However, a much higher storage density can be achieved 
with digital recording techniques than with audio tech
niques. While it is possible to store a few hundred thou
sand bytes of data on a single audio cassette tape, many 
hundreds of thousands and even millions of bytes of data 
can be stored by using digital rather than audio recording 
techniques. Since the magnetic marks representing the 
binary 1 s and Os take up less space on the tape than 
audio tones, many more bits of data can be contained on 
a single inch of tape~ 

One of the main advantages of a digital cassette system 
over audio cassette mass storage units is its higher storage 

12 
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Figure 1-5 Data recording 
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Figure 1-6 Data readback 
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Figure 1-7 Write data clock 

25 
(density) In most modern digital tape recordings the infor
mation consisting of a string of 1s and Os is stored on the 
tape by switching the direction of the head write current 
to correspond to the data and encoding method used in 
the drive. In more commonly used drives the direction of 
the recorded magnetic field contains no information. 
Rather information is contained in the flux reversals that 
occur when we go from one magnetic domain to the 
next. See Fig. 1-5. 

This shows the magnetic media with domains, the data 
being recorded, and the write currents going through the 
heads. 

The digital information in commonly used drives is con-
tained in the _______ _ 

26 
(flux reversals) The information is read back using the 
principles of induction. As a magnetized tape moves be
neath the tape heads, there are magnetic lines of flux 
which emanate from the tape and cut the tape 
read/write head. The head will have little voltage in
duced into it while it is passing over a single magnetized 
region because the magnetized field is more or less 
uniform. 

However, when the head passes from one magnetized 
region to another there is maximum rate of change of flux 
and this induces maximum voltage into the head. The 
change in flux looks somewhate like a wave. See Fig. 1-6. 

The change in flux is caused by the movement of the 
head from one region to another. 

27 
(magnetized) An important timing element in digital re
cording is the data clock. A data clock serves to time the 
placement of data on the tape in the write mode and the 
clocking of data off the tape in the read mode. As has 
been mentioned, data is converted from parallel to serial 
in the write mode. The parallel-to-serial converter is 
clocked with the data clock. The higher the frequency of 
the data clock the faster the serial of bits will be written 
onto the tape. See Fig. 1-7. 

In the write mode data is converted from 
to _________ _ 

13 



28 
(parallel, serial) The data clock is used in the read mode to 
clock the data bits into the serial-to-parallel converter. 
Information may be recorded on to the tape using one 
drive and read off the tape using another. We must pro
vide the data clock along with the data on the tape so 
that the reading drive will know when to clock the data in 
off the tape. See Fig. 1-8. 

In the read mode, data is converted from 
to ~~~~~~~~~-

29 
(serial, parallel) Encoding formats that require one flux 
transition per data bit are called self-clocking formats. This 
is because the read circuitry can generate a read clock 
based on the rate the data appears on the tape. See Fig. 
1-9. 

Here we are not addressing the question if a bit is a 0 or a 
1; we are just showing the action of the clocks in data 
transfers. 

But there are formats that do not have a flux transition for 
each data bit. For instance, the lack of flux transition could 
be interpreted as a 0 while the presence of a transition is 
equal to a 1. In these schemes we do not have a data 
pulse for the 0 bits since they do not require a flux transi
tion. So how will the serial-to-parallel converter know 
when to clock in the 0 bit? In this case, we will have to 
add the clock to the data stream or on a separate track to 
cause the serial-to-parallel converter to look for the data 
at the right time. 

If the serial-to-parallel converter sees a flux transition after 
the occurance of the data clock, then it is a 1 bit. If it 
doesn't see a flux transition then it is a 0. See Fig. 1-10. 

An encoding that contains a flux transition per bit is called 

14 
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figure 1-11. Standard data cartridge for the 4051. 
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10010100 11010110 101 

Figure 1-12. NRZ format. 

HEADER· ERROR CHECK 

Figure 1-13. Tape program format. 

30 
(self clocking) Data encoding is the method in which we 
put digital information and the data clock on the magnetic 
media (which is tape in this case). Data encoding on the 
tape in digital cassettes typically follow the nonreturn to 
zero format comonly called NRZ. In TEKTRONIX 4050-
Series Graphic Systems, NRZ is used to encode data on 
the DC300 tape cartridge. See Fig. 1-11. 

The tape drive consists of two read/write heads. One for 
flux transitions that indicate a zero bit and another for flux 
transitions that indicate a one bit. Fig. 1-12 shows how 
these tracks look and what the information looks like 
when read back. 

The TEKTRONIX 4050 NRZ uses __ _ data tracks. 

31 
(2) A typical digital tape will contain several different pro
grams that are written to perform the tasks the program
mer has designed them to do. When we wish to read 
one of these programs off the tape, we must have some 
way of designating one program from all the others. We 
will then read that program and in most applications we 
will want to check the data to ensure that it was read 
correctly from the tape. To perform these functions most 
tape programs consist of three parts. The identifying in
formation, commonly called the header, the program or 
data itself, and some type of error checking information. 
See Fig. 1-13. 

The three common parts of a tape file are 

and 

32 
(header, program itself, error checking information) The 
header contains the data that will allow us to distinguish 
the program we desire from all the others on the same 
tape. The type of information in the header will deter
mine how you designate which one you want. In the 
TEKTRONIX 4050-Series Graphic System computers, the 
header contains, among other things, the sequential num
ber of the program on the tape and the number of bytes 
of information contained in the program. 

15 



Thus, when we put a tape into the 4050-Series and ask it 
to find program number 2, the tape control circuitry will 
first find the start of the tape and then sequentially check 
headers until it finds the one that says "I am program 
number 2." Other systems allow you to give names to 
your programs. For instance, a program for figuring in
come tax could be entitled IRS rather than file number 8. 
IRS is more of a prompt for an income tax program than 
just calling it file 8 would be. 

The purpose of the header is to 

33 
(allow for distinguishing between different programs on 
the same tape) The second part of a tape file is the 
information itself. This information can either be a pro
gram that will compute an output based on inputs, or it 
can be a data base which is a list of values that are not in 
themselves a program but could be the results of compu
tations made by some program. They could also be the 
data some program will use in making its computations. 

The two types of information a file can consist of are 

--------- and 

34_ 
(program and data) The final portion of the tape file is the 
error checking information. We can check for errors on a 
byte-for-byte basis as was explained in the ASCII tape 
discussion when the concept of parity bits was intro
duced. This required an error checking bit for each byte 
of recorded data. We can check for errors on a larger 
scale than this by using what is called the cyclic redundan
cy character or CRC. The cyclic redundancy character is 
appended to the end of the information. It is created by 
dividing the data stream by a fixed polynomial. 

11000000000000101 
Here is a commonly used polynomial. A 17 binary bit 
divisor. The result of dividing this divisor into the data 
stream, treating the data stream as one continuing binary 
number is the cyclic redundancy character. This character 
is appended to the information as it is recorded onto the 
tape. The reading device multiplies the information read 
off the tape by the CRC contained at the end of the file. 
If the result is not the divisor originally used to divide the 
data stream by, then some type of error has occurred. 

CRC stands for 

16 
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35 
(cyclic redundancy check) To briefly review, the advan-
tages of digital cassette recording over audio cassette re
cording are a greater density and faster access. In 
addition higher tape speeds can also be used. In an audio 
cassette recorder the standard tape speed is 1 718 inch
es per second. In some digital data recorders tape speeds 
as high as 15 or 30 inches per second can be achieved. 
This greatly reduces the amount of time that it takes to 
store or load data. The access time to a particular piece 
of data is also greatly reduced. 

The higher tape speed of a digital cassette unit greatly 
reduces data 

36 
(access time) Digital cassette tapes are used in some mi
crocomputers, but audio cassettes are much more popu
lar. The higher storage density,.faster speeds, and lower 
access time of digital cassettes make them highly desir
able. However, these advantages usually cost considera
bly more than audio recording techniques. In addition, 
there are other mass-storage peripherals which compete 
pricewise with digital cassettes and offer even greater 
advantages. The most important of these devices is the 
floppy disk. 

_______ cassettes are more popular than 
------- cassettes in microcomputers. 

37 
(audio, digital) Go to Frame 38. 

38 
Perhaps the greatest disadvantage of audio and digital 
cassette tape data storage is the sequential access format. 
Tape is a serial access type of storage media. You cannot 
go directly to a particular piece of data or program. You 
must sequence through all of the information on the tape 
until you find what you want. This greatly increases the 
amount of time it takes to locate a particular program or 
block of data. It is more convenient to have complete 
random access. Just as you can directly address any word 
in RAM, it is also desirable to directly address any particu
lar program or piece of data in the mass-storage media. 
This random-access ability cannot be achieved with tape, 
but is possible by using a disk. A disk is a circular storage 
element coated on both sides with a material that can be 
magnetized. A variety of different magnetic storage disks 
is used in computer systems. There is the larger hard or 

rigid disk capable of storing up to 100 megabytes (100 
million bytes) of data. In addition, there is the thinner, 
smaller plastic disk that has less storage capacity but is 
also less expensive. This is the floppy disk. Of all these, 

17 



the most popular in microcomputer systems is the floppy 
disk. 

Besides magnetic tape, another popular storage media is 
the magnetic 

39 
(floppy disk) A floppy disk, or diskette as it is often called, 
is a circular piece of plastic which has been coated on 
both sides with a magnetic material. The plastic material is 
usually very thin and flexible, which accounts for the 
name floppy disk. In order to protect the disk from dust, 
dirt, and damage it is 'Usually packaged in a stiff cardboard 
holder or jacket. The cardboard holder has cutouts for 
the hole in the center of the disk which fits on the mecha
nism that spins the disk. A slot is also cut in the jacket 
exposing the surface of the disk where the magnetic 
read/write head touches the disk as shown in Fig. 1-14. 

Another name for the floppy disk is 

40 
(diskette) Floppy disks come in two basic sizes. One size 
is eight inches in diameter and it is ref erred to as a stan
dard size disk. A smaller 5 1/4-inch disk is also available. It 
is generally called a minifloppy. The format in Fig. 1-14 
applies to both sizes. Both sizes are widely used in micro
computer systems. The minifloppy has much less storage 
capacity, but is also much lower in cost. 

A standard size floppy disk is ____ inches in 
diameter. 

41 
(8) A 5 114-inch floppy disk is sometimes called a 

42 
(minifloppy) To use the floppy disk, it is mounted into a 
drive mechanism which consists of a motor that spins the 
disk at 300 or 360 rpm. The drive mechanism also 
contains the magnetic read/write head. A single head is 
typically used for both recording and playback. The head 
is usually mounted on a movable arm so that the head 
can be positioned in the slot that exposes the disk. The 
head can be positioned either close to the center of the 
disk, out near the edge, or somewhere in between. The 
movable head causes data to be stored in or retrieved 
from different parts of the disk. 

A floppy disk is usually mounted in a 

-------- which consists of the motor that 
turns the disk and the movable read/write head. 

18 

HOLE IN JACKET 
ALLOWS ACCESS 

TO HOLE IN DISK 
WHICH ATTACHES 

TO THE DRIVE 
MECHANISM. 

I 
I 

I 
I 
I 
\ 
\ 
\ 

\ 

/ 
/ 

/ 

'\ 

" ' '-.. 

INDEX HOLE IN JACKET 
ALLOWS ACCESS TO HOLE 

IN DISK SO THAT A SENSOR 
CAN DETECT THE STARTING OUTLINE OF DISK 

-

POINT OF THE DATA. INSIDE JACKET 

// ___ _..... 

" '\ 
\ 

I 
I 

/ 

\ 
\ 
\ 
I 
I 
I 

I 

I 
CARDBOARD 

JACKET 
HOLE FOR ACCESS 

OF RECORD/PLAYBACK 
HEADS TO DISK 

I 
WRITE PROTECT NOTCH. 

USUALLY COVERED WITH A TAB 
TO PREVENT ACCIDENTAL 

ERASURE OR OVER RECORDING 
ON DATA. 

figure 1-14 A typical Roppy disk or diskette 



IBM 3740 
SOFT-SECTORED STANDARD: 
11 TRACKS, 26 SECTORS, 128 BYTES/SECTOR 

·INSIDE TRACK OUTSIDE TRACK 
(TRACK 76) (TRACK 00) 

..___,___, 
SECTOR 01 

SECTORS GET SMALLER PHYSICAL-
LY ON THE INSIDE TRACKS BUT 
HIGHER RECORDING DENSITY 
ENSURES THAT ALL SECTORS 
REGARDLESS OF SIZE, HAVE lZB 
BYTES 

"- 8" DISK 

HOLE MARKS THE 
BEGINNING OF 

SECTOR 01. 

Figure 1-15 A standard 8-inch Ooppy disk showing the standard IBM soft-sectored format 

43 
(drive mechanism) Digital recording techniques rather 
than audio techniques are used to store data on the disk. 
A wide variety of formats are used for putting the infor
mation on the disk. There is one generally accepted for
mat usea with eight-inch disks that illustrates the concept. 
It is called the IBM soft-sectored standard. Refer to Fig. 
1-15. 

Data is stored on the disk in the form of tracks. The stan
dard specifies 77 concentric tracks on the disk. The 
read/write head can be positioned to any one of these 
77 tracks. The tracks are numbered 00 through 76 with 
the track closest to the center being labeled 76. 

Data is recorded on the floppy disk in the form of circular 
paths called 

44 
(tracks) Each track represents a significant amount of stor
age capacity. Data is stored serially on each track. You 
might think of each track as being similar to a short mag
netic tape. Accessing a program or block of data on a 
track requires searching sequentially through the informa
tion. This is time consuming and, therefore, undesirable: 
To overcome this problem, the tracks are divided into 
short segments called sectors. The standard format calls 
for each track being divided into 26 sectors. Each of these 
sectors is identified or addressed individually. Each sector 
is identified by a sector address prerecorded on each 
track. The term "soft sectored" comes from the fact that 
the address is not fixed in hardware, but is "soft" in that it 
is rec.orded with the data on the disk. The electronics 
associated with the floppy-disk unit allows any sector to 
be addressed. Therefore, any data within a given sector 
on any track can be located. This capability gives the flop
py disk its random-access capability. 

The tracks of information on a floppy disk are divided 
into ~~~~~~~~~~~~~~~~~~ 

45 
(sectors) Each sector is identified by an address prere
corded on the disk. This is referred to as the 

format. 
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46 . 
. (soft-sectored) The sectors are numbered 01 through 26 
and the beginning of sector 01 is designated by the index 
hole punched in the disk. See Figs.1-14 and 1-15. Each 

sector contains a fixed amount of information. The 
standard floppy-disk format specifies 128 bytes of data 
per sector. If you will think about this a minute, you will 
realize the storage capacity of a floppy disk is quite large. 
Using a little simple arithmetic, we can determine the total 
storage capacity of a typical eight-inch floppy disk. All we 
have to do is multiply the number of tracks by the 
number of sectors and then multiply the result by the 
number of bytes per sector. 

77 x 26 x 128 = 256,256 

As you can see, a standard eight-inch floppy disk can 
store over a quarter of a million bytes of data that can be 
randomly accessed. This random-access feature is the 
most important advantage of the floppy disk over tape. 

The main benefit of the floppy disk is its 
------------------ to data. 

47 
(random access) In actual practice only 73 of the 77 tracks 
on a soft-sectored disk are actually used; thus the real 
storage capacity is 73 x 26 x 128 = 242,944 bytes. 

Not all disk mass-storage systems use the soft-sectored 
format. Some use a hard-sectored format where each 
sector is marked by a hole in the disk. For example, in
stead of a single index hole as in a soft-sectored disk, 32 
holes may be used to mark the beginning of each sector. 
The sector address is not recorded on the disk. Instead it 
is established in the hardware with the sector holes as a 
guide. Because address space is not used on the disk, 
hard-sectored disks usually have a higher storage 
capacity. 

Disks that have a hole to mark each sector are said to be 

48 
(hard sectored) There is no single standard recording for
mat for the 5 112-inch minifloppy disks. However, their 
storage capacity is typically much less than the eight-inch 
disk. Usually, there are only 35 to 40 tracks on a 
minifloppy disk. There are also fewer sectors, although a 
sector is generally capable of storing up to 256 bytes. 
Depending upon the format used, the minifloppy disk can 
store from 50,000 to over 100,000 bytes of data. 

The storage capacity of a typical minifloppy disk is ap-
proximately to bytes. 
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49 
(50,000 to 100,000) Several techniques are used with 
both standard and minifloppy disks to increase the 
amount of data storage capability. The most obvious 
method is to record on both sides of the disk. To do this, 
read/write heads are provided for both sides of the disk. 
With this arrangement, the storage capacity is twice that 
of a single-sided disk. Since double-sided disk drive mech
anisms are more difficult to manufacture, less reliable, and 
more expensive, they are less popular. However, as man
ufacturing techniques are refined, performance will im
prove and costs will come down. Therefore, 
double-sided floppy disks should become more widely 
used. 

By recording on both sides of a standard soft-sectored 8-
inch floppy disk, the total storage capacity will be 
_____ bytes. 

50 
(485,888) 73 x 26 x 128 x 2 = 485,888. Double-sided 
disks increase the storage capacity of a standard eight
inch disk to about one-half million bytes. A further in
crease in storage capacity can also be obtained by 
increasing the storage density. That is, the storage capaci
ty can be increased by increasing the number of bits 
stored per inch. This increased storage density can be 
achieved by using different techniques in the electronic 
read/write circuitry. The electronic circuitry for increasing 
the storage density is more complex, more expensive, 
and more critical to adjust. Typically, the storage density 
is doubled with such techniques. Disks recorded using this 
format are called double-density disks as opposed to sin
gle density. What this essentially means is that it is possi
ble to store 256 bytes per sector double density rather 
than the usual 128 per single density. More bits are stored 
per inch on each track. 

Single density recordings use a technique called frequen
cy modulation. This is not the same frequency modulation 
as is used in radio broadcasting where a carrier is modu
lated with the audio information. But rather FM, as we will 
employ the term, has to do with providing a flux transi
tion for a 1 bit and not providing it for a 0 bit. A string of 
information having a lot of 1s in it will have a higher fre
quency than a string with less 1s. 

Data stream "A" contains more 1s than data stream "B". 
Therefore, data stream A will have a lower frequency 
than data stream B. True or false. 
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51 
(false) Since frequency modulation does not provide a 
flux transition for each bit of information we must insert a 
clock bit to ensure that the data is read correctly. The 
clock pulse is inserted at the beginning of each data cell. 
See Fig. 1-16. The clock flux transition is denoted by 
pulses labeled C. They trigger the read circuitry to look 
for data flux transitions two microseconds later. If a flux 
transition is not detected after the clock pulse, then the 
bit is a 0. If a flux transition is detected then it is a 1. 
Notice that in frequency modulation over half the infor
mation placed on the disk is clock pulses and not useful 
data pulses. Therefore, single density recording is only 
50% efficient. 

The clock pulse is inserted in the --=----- portion of 
the data cell? 

52 
(front) Double density recording uses modified frequency 
modulation. In modified frequency modulation the data 
clock and data bits are combined so that we have, on the 
average, one flux transition for each data bit. See Fig. 
1-17. If a data pulse is present in the center of a bit cell, 
that cell will represent a 1. If no data pulse is present in 
the center of a bit cell, then it is a 0. A clock pulse will 
occur between two Os. In modified frequency modula
tion, like frequency modulation, the minimum time inter
val between any two pulses is two microseconds. 
However, since the clock and data information are not 
combined, the bit cell interval is the minimum time inter
val of two microseconds. Notice that in modified fre
quency modulation all the information to be placed on 
the disk is useful. Therefore, modified frequency modula
tion is 100% efficient. 

Modified frequency modulation is a self clocking format. 
True or false. 

53 
(true) On one side of an eight-inch disk, 242,944 usable 
bytes can be stored. By using both sides, 2 x 242,944 = 

485,888 bytes can be accommodated. Double-density re
cording techniques increases this to 485,888 x 2 = 

971)76 bytes. 

As you can see, double-sided, double-density recording 
format increases the storage capacity of a standard eight
inch disk to about one million bytes. That is a significant 
amount of storage capacity. It is more than most personal 
computing systems can ever use. However, high storage 
capacity is required in many applications such as business. 
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Figure 1-18 Block diagram of a dual floppy disk peripheral unit 1 

These double-sided, double-density techniques can also 
be used to increase the storage capacity of a single 
minifloppy disk to nearly a half million bytes. In addition, 
techniques for increasing the recording density by four 
times have also been perfected. While the electronics 
and drive mechanisms for such techniques are much 
more coryiplex and expensive, they will come down in 
price as manufacturing techniques are perfected. 

Using double-sided, double-density techniques on a 
minifloppy disk, the maximum storage capacity can be 
increased to almost a bytes. 

54 
(half million) It is important to remember that despite the 
very high storage density of the floppy disks, the pro
grams and data stored there can be accessed randomly. 
That is, any program or piece of data can be randomly 
located through the various addressing schemes offered 
by the floppy disk unit. The only exception to this is that 
the 128 or 256 bytes within a sector will be accessed 
sequentially. This is a small number of bytes and the serial 
access to a given piece of data in a sector is extremely 
short due to the relatively high rotational speed. In fact, 
to locate any byte within a given floppy disk usually takes 
less than a second. The average access time is about 200 
milliseconds. Track-to-track or sector-to-sector access 
times are as low as three milliseconds. While this is signifi
cantly slower than the nanosecond or microsecond ac
cess times of the semiconductor memories used by the 
computer itself, it is still orders of magnitude faster than 
the sequential access times of audio or digital cassette 
tapes which can be minutes. This relatively fast access 
time is the primary advantage of the floppy disk. 

The maximum access time of a byte of data on a floppy 
disk is approximately _____ _ 

55 
(one second) The minimum access time is typically several 

56 
(milliseconds) The floppy disk or diskette itself is the 
storage media. The peripheral device designed to handle 
floppy disks is called the floppy-disk mass-storage unit. It 
consists of at least one, and usually two, drive mecha
nisms. The drive mechanisms are supplemented by the 
drive electronics, the controller, and the interface circuit
ry that connects the floppy-disk unit to the microcomput
er. Figure 1-18 shows a block diagram of a typical dual 
floppy-disk unit. 
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The drive electronics consists of the circuitry for operat
ing the drive motor and the read/write head. For exam
ple, amplifiers are used to increase the level of the signal 
picked up by the read head. The serial data read from the 
disk is amplified to produce binary 1s and Os. This serial 
bit stream is then formatted into 8-bit bytes. These serial 
words are converted into parallel form before they are 
sent to the computer. 

When information is to be recorded on the disk, the 
parallel data from the computer bus is translated into 
serial data which is then fed to the circuitry which drives 
the write head. This circuitry creates the magnetic field 
that stores the data on the disk. The drive electronics also 
consists of those circuits used to control the drive motor 
and to position the read/write head. All of this circuitry is 
referred to as the drive electronics. 

The drive electronics consists of the circuitry for control
ling the and 

57 
(drive motor, read/write head) Head positioning tech
niques fall into two major categories. These are stepper 
motors and servo motors. The major differences be
tween the two is the ability to position accurately and 
cost. Servo motors are much more expensive but allow 
for greater precision in head positioning. Greater head 
positioning accuracy allows for more tracks per inch. 
Stepper motor positioning, on the other hand, is less ex
pensive and does not allow for highly accurate head posi
tioning which translates to less tracks per inch. 

Servo head positioning costs than stepper 
motors but is accurate in positioning ability. 

58 
(more, more) We will briefly discuss the theory of opera
tion of each positioning technique starting with the step
per motor. We will use as an example the motor setup 
found in the Tektronix floppy disk drive 4907. When a 
disk is loaded into the 4907 and readied for use, the first 
thing that happens is the read/write head will load, con
tact the disk surface, and seek track 00. This is because 
on power up the head could be anywhere on the disk 
and we have to establish a known head position. The 
head movement to track 00 is accomplished by first in
forming the drive which way we want to move the 
head- toward track 00 in this case. This is done over the 
direction select line. Refer to Fig. 1-23. The heads are 
then loaded and the step line is pulsed once for each 
track to be stepped. 

Why is track 00 first sought on power up? ____ _ 
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59 
(to establish a known starting position) Within the disk 
drive cor'ltrol circuitry the pulse fine is converted into 
three phase voltages. The stepper motor used on the 
4907 is a three-phase 15-degree stepper motor. This 
means each step will move the lead screw shaft 15 de
grees of a full 360 degree rotation. This is equal to one 
diskette track. See Fig. 1-19. The stepper motor has 12 
stator windings and 8 rotor windings. The 12 stator 
windings are wired together in groups of four. Each wind
ing within a group is 90 degrees out of phase with the 
other. Each group of stator windings is wired to one of 
the phases of the stepper control logic. The rotor has 
eight teeth, 45 degrees apart. 

____ degrees of lead screw movement is required 
to step one track. 

60 
(15 degrees) If on power up we were at track two, we 
would find power applied to the motor as shown in Fig. 
1-20. Phase three power would cause four of the eight 
rotor poles to line up with four of the stator windings. 
With the direction select fine set for out, the next step 
fine pulse would cause phase two power to be applied as 
shown in Fig. 1-21. This causes the four rotor teeth clos
est to those stator windings to move and line up with the 
four newly energized stator windings. The result is a 15 
degree turn of the stepper motor lead screw which 
would position the head to track 01. On the next step line 
pulse, power would be applied to phase one which 
would look like Fig. 1-22. Again, the stepper motor would 
turn the lead screw 15 degrees which would place the 
read/write head at track 00. At track 00, the track 00 LED 
detector is interrupted by a metal shim connected to the 
read/write head as shown in Fig. 1-23. 

Once the read/write head has homed at track 00 to pro
duce any movement from this point, the inputs from the 
direction select fine and step lines are required to position 
the head on any one of the 77 available tracks. 

What happens when the read/write head positions to 
track 00? 
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Figure 1-23 Functional diagram of the disk drive 

(the track 00 LED detector is interrupted) One can see 
from the preceding discussion that once the head has 
positioned itself as a result of the stepper motor move
ment, the head is held in place by the magnetic alignment 
of the motor's rotors and stators. If the diskette were 
slightly out of round and the selected track did not travel 
beneath the head, but rather went out from underneath 
it at some point in its rotation, the read/write head could 
not follow the track and the data on that portion of the 
diskette would be lost. Thus, the tracks must be wide 
enough to ensure that the head will always be over it. 
This limits the number of tracks we can put on a diskette. 
That, consequently, limits the amount of data we can put 
on it. Servo positioning systems, on the other hand, can 
follow tracks that are slightly out of round. This allows the 
tracks to be narrower and allows more tracks per inch 
and more data on the disk. As we mentioned earlier it is 
also much more expensive. 

Floppy disk tracks MUST be wide enough to ensure 
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62 
(that the head will always be positioned over the desired 
track) Servo positioning systems are used in hundreds of 
applications where we want to accurately position an ob
ject, be it .a TV servo-controlled antenna, a directional 
exhaust nozzle of a rocket, or a disk read/write head. 
Reference Fig. 1-24. A desired antenna position is en
tered. This desired position is compared to the present 
position. An error signal is developed based on the differ
ence between the two positions. This error signal causes 
the antenna to rotate to the desired position. The error 
signal is being reduced to zero (nulled out) as the antenna 
is driven into the new position. Thus, the antenna is held 
in position by the error signal. The tachometer in this 
example is used to limt the rate at which the output shaft 
can turn the antenna. If it were to turn too fast, the an
tenna would snap off. The tachometer will output a signal 
based on the speed at which it turns. The faster it turns 
the greater the output of the tachometer. This output 
voltage serves as degenerative feedback to the error sig
nal amplifier. Thus, it limits the amplitude of the error 
amplifier output and limits the rate the antenna can 
rotate. 

The tachometer is used to limit 

63 
(the rate of movement) The principles just discussed are 
also applicable to a disk drive. In the case of a disk drive 
the object to be positioned is the read/write head. The 
desired position is a selected track of data. When the 
head is not on the desired track an error signal is devel
oped. This error signal drives the head to that track. Once 
on track the error signal is nulled out. If the track is slightly 
out of round and moves from beneath the head the error 
signal is no longer zero and the head is driven back on 
track. This all happens so quickly that the head for all 
practical purposes stays on the out-of-round track at all 
times. 

Is the error signal null when the read/write head is NOT 
over the desired track? Yes or no. 
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64 
(no) Refer again to Fig. 1-18. Another portion of the flop
py-disk unit is called the controller. The controller consists 
of all of the logic circuitry that is used to perform the 
serial-to-parallel and parallel-to-serial data conversions. It 
also contains the logic circuitry that determines the num
ber of tracks and sectors required and the number of 
bytes per sector to be stored. In other words, the con
troller electronics determines the recording format, such 
as hard- or soft-sectored. The controller also contains the 
logic circuitry used for addressing, i.e., locating a particu
lar track and sector on the disk. 

The circuitry in the floppy-disk unit that takes care of data 
formatting, addressing, and conversion is called the 

65 
(controller) Another portion of the floppy-disk unit is the 
interface. The interface is the electronic circuitry that con
nects the floppy-disk unit to the computer. Typically, the 
interface connects to the microcomputer data and ad
dress busses. It performs the timing and data formatting 
necessary to cause data to be transferred to or from the 
computer at the proper time. All of this circuitry is under 
the control of a special series of programs which are part 
of a disk operating system. 

The 
connects the floppy-disk unit to the computer busses. 

66 
(interface) As the demand for additional storage capacity 
increases, floppy-disk recording techniques will be im
proved. However, there is a practical upper limit some
where in the low megabyte range. Increased capacity can 
be achieved by using hard or rigid disk systems. Large 
computers and minicomputers use 14-inch fixed, hard 
disks with storage capacities up to several hundred 
megabytes. 

The reason hard disks are able to achieve higher data 
storage is due to the construction of the magnetic media 
and the read/write heads. In floppy disks the read/write 
head contacts the flexible media; in hard disks the heads 
never contact the media in normal operation but rather 
fly over it in close proximity. 
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The media in hard disks consists of a high precision alumi
num platter coated with magnetic oxide. The combina
tion of these two allows for smaller read/write heads. 
The heads never contact the media and so are not sub
jected to the typical abrasion of a floppy read/write 
head. The smaller the read/write head the narrower the 

.tracks can be. 

It should be clear by now that the more tracks there are 
per inch the greater the data storage capability. Thus, 
whatever can be done to make tracks narrower will fur
ther the goal of higher data densities. The tracks are more 
uniform on a hard disk than a floppy so they can be 
narrower. A hard disk will not wobble like a floppy will, 
so there is less chance of the head not following the 
tracks; the hard disk read/write heads can be made small
er as a result of this. 

What is the significance of a small read/write head in 
relation to data density? 

67 
(a smaller read/write head allows for smaller tracks, thus 
more tracks) In the last frame it was said that hard disk 
read/write heads fly over the media. The head flying 
height can vary from 20 to 80 microinches. Figure 1-25 
shows the head flying height for TEKTRONIX 4909 Hard 
Disk Drive. This height is given greater significance when 
compared to typical items found in the air such as ciga
rette smoke particles, dust or human hair. Also shown is a 
fingerprint smudge. 

Notice that the lower the head flying height the greater 
the BPI figure. BPI means bits per inch, and indicates the 
data density. As the head flying height is made lower a 
proportionately smaller amount of magnetic flux will be 
required to magnetize a bit on the disk. The head is small
er allowing narrower tracks and more tracks per inch or 
greater data density. 

The goal now becomes to make the head fly as close to 
the media as possible to make the head as small as possi
ble. This brings up a new complication for hard disks and 
that is cleanliness. 

The lower the head flies, the (less, more) magnetic flux is 
needed to record data on the track. 
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68 
(less) Again refer to Fig. 1-25. This figure shows the height 
relationship to typical atmospheric particles and finger
print smudges in relationship to head flying heights. If the 
disk were to get any of these contaminants on it and the 
head were to come over it, the head would no longer fly 
but would crash. It would contact the magnetic oxide on 
the aluminum disk. 

The crash of the read/write head on the disk typically 
causes the removal of the oxide from the disk as the 
result of the scraping action. A head crash requires, de
pending upon the severity of the crash, the replacement 
of the disk and the crashed head. This points out the 
special need for cleanliness where hard disks are con
cerned. Typically, no smoking should be allowed around 
hard disks and rooms where hard disks are kept should 
have humidity, temperature, and atmospheric contami
nant controls. 

Typically a head crash will require the removal and re
placement of the media and the crashed head. True or 
false. 

69 
(true) All of the data density improvements realized in 
hard disks are a result of greater manufacturing precision, 
costs, and engineering efforts. Thus, the hard disk is more 
expensive per unit than a floppy but it is typically cheaper 
on a per bit storage cost. The decision of which to be 
used is based on the data storage requirements of the 
system and the cost to be incurred in the system. 

A low-cost eight-inch hard disk is now available for micro
computers. The disk is fixed in place and not removable 
like a diskette. The storage capacity is in the 20- to 70-
megabyte range. These units are called Winchester 
drives. They appear to represent the immediate future 
for greater mass storage in microcomputer systems. 

The statement was made earlier that the lower the head 
flying height the greater the data density. Winchester 
drives have a head flying height of approximately one 
half microinch. This is very close to the media thus the 
significantly higher data densities are achieved. 

The need for cleanliness becomes critical with these 
drives. So much so that they are hermetically sealed and 
the disks are then not accessible to the user. 

The mass storage unit containing an eight-inch fixed disk 
is called a 
(Winchester drive) 
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UNIT 1-SELF-TEST REVIEW 

Fill in the blanks with the correct words or select the correct 

answer from the multiple choices given. Answer all questions be

fore checking the answers. 

1. Auxiliary memory peripherals are used for 
______________ of programs and 

data. 

2. The maximum number of holes that can be punched in one 
row of a paper tape is ___ _ 

3. What ASCII character is represented by the hole pattern in 
Fig. 1-26? 

SPROCKET HOLE 

Figure 1-26 Hole pattern on punched paper tape 

Refer to Fig. 1-1 

4. The peripheral used to store data on paper tape is called a 

5. The average punching speed is cps. 

6. One row on a paper tape can store one of 
data. 

7. The peripheral that retrieves the data from a paper tape is 
called 

8. High-speed readers sense the presence of a hole with a 
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9. Electronic paper-tape readers read at a rate of approximately 
a. 10 cps 

b. several hundred cps 
c. several thousand cps 
d. hundred thousand cps 

10. The two main types of magnetic media used in mass-storage 

peripherals are and 

11. Personal computers often use 

for mass storage. 

12. The Kansas City Standard says that a binary 1 is represented 
by a Hz tone and a binary 0 by a Hz 

tone. 

13. The main advantage of the audio cassette system is 

The main disadvantage is 

14. The main advantage of digital cassette over audio cassette 
mass-storage systems is the _______ storage den-

sity and access time. 

15. Data must be accessed _______ on an audio or 

digital cassette tape. 

16. The main advantage of a floppy disk over magnetic tape 
mass storage is that the data may be ______ _ 

accessed, thus greatly reducing the time it takes to locate 
programs or data. 

17. Data is stored on the floppy disk in concentric paths called 

each of which is divided 
into _________ _ 

18. In a hard-sectored disk, sectors are marked by 



r 

l 
[ 

L 

19. In a soft-sectored disk, sectors are identified by a 

-------------- at the beginning of 
each sector. 

20. The storage capacity of standard diskette is approximately 

a. 100,000 bytes 

b. 250,000 bits 

c. 250,000 bytes 

d. 500,000 bytes 

21. Standard floppy-disk sizes are ____ inches and 
____ inches in diameter. 

22. Two techniques for increasing the storage capacity of floppy 

disks are: 

a. record on both sides 

b. increase the speed of disk rotation 

c. increase the number of tracks 

d. increase the recording density 

23. The circuitry used to control the drive motors and the 

read/write head is called the 

24. Which of the following functions is not performed by the 

floppy-disk controller? 

a. connection to the computer 

b. data formatting 

c. addressing 

d. data conversion 

25. The portion of the floppy-disk unit that connects to the com-

puter address and data busses is called the 

26. The digital information in commonly used drives is contained 

in the 

27. A data clock serves to time the placement of data on the 

tape in the mode and the clocking of 

data off the tape in the mode. 
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28. The cyclic redundancy character is created by dividing the 

--------------by a fixed 
polynomial. 

29. Modified frequency modulation is a 
____________________ format. 

30. The servo positioning technique is ______ expen-
sive than stepping motor but it allows for 
---------- positioning accuracy. 



UNIT 1-SELF-TEST ANSWERS 
1. mass storage 

2. 9 (8 data, 1 sprocket) 

3. K binary = 1001011, octal = 113, hex = 4B 

4. paper-tape punch 

5. 10 

6. byte 

7. paper-tape reader 

8. photocell 

9. b. several hundred cps 

10. tape, disk 

11. audio cassettes 

12. 2400, 1200 

13. low cost, slow speed 

14. higher or greater, faster or shorter 

15. serially or sequentially 

16. randomly 

17. tracks, sectors 

18. index holes 

19. prerecorded address 

20. c. 250,000 bytes 

21. 8, 5 1/4 

22. a. record on both sides 
b. increase the recording density 

23. drive electronics 

24. a. connection to the computer 

25. interface 

26. flux reversal 

27. write, read 

28. data stream 

29. self clocking 

30. more, greater 
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UNIT 2 
Semiconductor Mass Storage 

LEARNING OBJECTIVES 

When you complete this unit, you will be able to: 

1. Identify the three semiconductor devices that show promise 
as mass-storage media for microcomputers. 

2. Name three current applications for ROMs as mass-storage 
devices. 

3. List the advantages and disadvantages of ROMs as mass-stor
age devices. 

4. Explain the operation of a charge-coupled device (CCD). 

5. List three characteristics of a CCD. 

6. Explain the operation of a magnetic bubble memory (MBM). 

7. List three characteristicsof a MBM. 

8. Compare the characteristics of CCDs and MBMs. 

9. List two potential applications for CCD and MBM mass-storage 
units. 
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Figure 2-1 Cost/performance spectrum of main and auxiliary computer memories 

1 
While most mass-storage peripheral devices used in mi
crocomputer systems are electromechanical devices 
with a magnetic storage media, semiconductor devices 
are gradually gaining ground in this application. As semi
conductor storage devices allow increased density and 
lower cost, they will be more widely used for mass stor
age in all types of computer systems. Presently, semicon
ductor devices are used primarily in the main computer 
memory associated with the CPU. Their cost is still some
what high, but their very high speed is compatible with 
the CPU. Programs to be run and data to be processed 
are typically read into the high-speed main semiconduc
tor memory from a slower external mass-storage device 
whose cost per bit of storage is significantly lower than 
that of the semiconductor memory. 

The main memory associated with the CPU in most 
microprocessors is of the type. 

2 
(semiconductor) Mass-storage external to the computer 
typically uses a media. 

3 
(magnetic) The various types of memory devices and 
media used in computer systems are usually compared 
on a cost/performance basis. Typically, the cost of 
memory is computed in terms of cents per bit. Perfor
mance is usually evaluated in terms of access time, which 
is the time required to locate a desired piece of data in 
the storage media. Figure 2-1 shows the various types of 
storage media available in computer systems today. No
tice that semiconductor RAM, both bipolar and MOS, 
has the highest performance in that its access time is 
very low - several microseconds to several nanosec
onds. However, note that semiconductor RAM is also 
the most expensive in terms of cost per bit. 

On the far right side of Fig. 2-1 you can see that drum, 
disk, and tape memories are significantly lower in cost 
per bit. However, the access times are significantly long
er. Access time for a magnetic tape is many seconds 
while disk access time is in the one-second region. 

The type of memory with the highest performance is the 
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4 
(semiconductor RAM) The type of memory with the 
lowest cost per bit is ___________ _ 

5 
(magnetic tape) Technological improvements will contin
ue to be made in both the semiconductor RAM and mag
netic storage media. Cost per bit of storage will typically 
decline as storage density increases with technological im
provements. However, many new developments prom
ise to totally replace or perhaps enhance existing memory 
technologies. In looking at Fig. 2-1, you can see the exis
tence of a significant gap in the cost/performance spec
trum of memory products. This gap will be filled by some 
new memory techniques that promise improvements 
both in cost and performance. These new developments 
will be in semiconductor memories. 

New semiconductor memory device technology prom
ises to fill the cost/performance 
between semiconductor RAM and magnetic media. 

6 
(gap) Let us take a look at some of the developments in 
semiconductor memory technology that promise im
proved cost/performance memory characteristics for 
microcomputer systems. Go to Frame 7. 

Read-Only Memories 

7 
Read-only memories (ROM) provide a cost-effective 
mass-storage media for many microcomputer applica
tions. As higher density ROMs become available and 
costs decline, the ROM becomes an extremely effective, 
cost-competitive mass-storage device. While ROMs are 
typically used for permanently storing often used pro
grar;ns in microcomputer systems, these devices can also 
act as a mass-storage media. New 64K-, 128K-, and 
256K-bit ROMs are now available. This means that 
ROMs can store sizable programs and groups of perma
nent data. For example, a 256K-bit ROM can store 32K 
bytes (32K x 8). 

High density show promise as a mass-stor-
age device in some microcomputer applications. 
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8 
(ROMs) Currently the most common application of 
ROMs as a mass-storage media is their use in removable 
or pluggable program cartridges. Here a ROM containing 
programs or data is mounted on a printed-circuit board 
and housed in a low-cost plastic container. The result is a 
plug-in mass-storage module. This storage module is de
signed so that it can be plugged into the bus of a micro
computer system. This technique is widely used in 
programmable video games, low-cost personal/home 
computers, and in some programmable calculators. With 
a system of plug-in memory modules, the function or 
application of the computer is quickly changed by simply 
plugging in another module. Access to data sources is as 
convenient with ROM cartridges as it is with floppy 
disks. 

The current application of ROMs as mass-storage de
vices are their use in plug-in 
and ~~~~~~~~~-

9 
(modules, cartridges) The primary advantages of ROMs 
as mass-storage devices are their portability, conve
nience, and flexibility. The main disadvantages are high 
cost and lack of a write capability. That is, data cannot 
be stored in a ROM module under program control. All 
of the desired programs and data are permanently 
stored when the ROM is manufactured and placed into 
its module. 

The advantages of ROMs as mass-storage devices are 

and 

10 
(portability, convenience, flexibility) The main disadvan
tages of ROMs as mass-storage devices are 

and no capability. 
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11 
(high cost, write) In applications where it is necessary or 
desirable to store programs and data developed on the 
computer, EPROMS can be used. Erasable programma
ble read-only memories (EPROMS) that are erased by 
ultraviolet light can be programmed under the control of 
a computer. To do this, the computer is interfaced to an 
EPROM programmer. The EPROM programmer circuitry 
is extremely simple and can be easily connected to the 
1/0 port of a microcomputer. An EPROM module can 
be plugged into the programmer and data or programs 
contained in the computer RAM can be transferred to 
the ROM module under the program control. 

Data can be stored in ROM modules if 
are used. 

12 
(EPROMS) Storage of data into the ROM is accomplished 
by an EPROM which can be 
interfaced to the microcomputer. 

13 
(programmer) While ROMs will never have the 
cost/performance characteristics of bulk storage devices 
such as tapes or disks, they nevertheless find wide use in 
microcomputer systems whose applications can benefit 
from their advantages and unique characteristics. Go to 
Frame 14. 

Charge-Coupled Devices 

14 
Two new types of memory technology promise to offer 
considerable advantages over other bulk storage de
vices. These are the charge-coupled devices (CCD) and 
magnetic bubble memories (MBM). It is possible that 
both CCDs and MBMs will fill the memory gap in the 
cost/performance spectrum shown in Fig. 2-l. First we 
will discuss the charge-coupled devices. 
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CAPACITOR PLATES 
OR ELECTRODES 

DEPLETION REGION TRAPS 
MOBILE ELECTRONS WHEN <1>3 IS 
HIGH AND <I> 1 AND <1>2 ARE LOW, 
DEPLETION REGION AND CHARGE 
PACKET PROGRESS ALONG THE 
LINE OF CAPACITORS AS GATE 
SIGNALS ARE CLOCKED AP· 
PROPRIATELY. 

OXIDE LAYER 
(DIELECTRIC) 

SILICON SUBSTRATE 
(BASE OF DEVICE 

AND SECOND PLATE 
OF CAPACITORS) 

Figure 2-2 Cross sectional view of a CCD 
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CLOSED LOOP(FEEDBACK) 

ONE MOS CAPACITOR 
STORAGE ELEMENT 

Figure 2-3 A CCD shift register 

15 
A charged-coupled device (CCD) is a semiconductor 
component use for storing binary data. CCDs are basi
cally shift registers made up of a series of tiny MOS ca
pacitors. See Fig. 2-2. Each capacitor has a tiny individual 
plate deposited on the oxide layer which covers a silicon 
substrate. The oxide layer is the capacitor dielectric while 
the silicon substrate functions as a common second plate 
for all of the capacitors. Data is stored in the form of a 
charge on the capacitors. The existence of a charge rep
resents a binary 1 while the absence of a charge repre
sents a binary 0. The charge can be in the form of 
electrons or holes, depending upon how the device is 
made. 

The primary storage element in a CCD is a 

16 
(MOS capacitor) Whenever a voltage is applied to any 
one of the capacitor electrodes, a depletion region or 
potential well is formed under that electrode. This well 
then acts as an electron trap. A charge of electrons be
comes trapped in this well to form one bit. of data stor
age. Multiphase clock signals applied to the capacitor 
electrodes cause the charges to be shifted or transferred 
from one capacitor to the next. These multiphase clock 
signals keep the stored bits shifting in order to maintain 
storage. Because the main storage element is a capacitor, 
as it is in a dynamic RAM, the charge will leak off and be 
lost unless some means is used to prevent it. This is done 
in a CCD by shifting the bit from one capacitor to the 
next. The MOS capacitors form a shift register capable 
of storing thousands of bits of data. Typically, the shift 
register is connected in a closed loop. The bits are shift
ed from one capacitor to the next inside the shift register 
and in one end and out the other as shown in Fig. 2-3. 
This keeps the bits circulating. 

In a CCD, the capacitive storage elements form a 
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17 
(shift register) As you can see from this discussion, the 
CCD shift register is a serial device. Data is sequentially 
stored into it a bit at a time. To load a byte of data into 
the CCD shift register, the feedback loop is opened or 
disabled and the desired data word is shifted in a bit at a 
time. Data is accessed or retrieved in the same way. To 
read a byte, it is shifted out a bit at a time while being 
restored via the closed loop .. As you have learned, serial 
data-storage methods have a longer access time than 
other forms of memory. Yet this disadvantage is not as 
great in the CCD as it is in magnetic tapes for example. 
Remember that the CCD is a high-speed semiconductor 
device. The clock speed and bit transfer rate from one 
storage element to the next are in the 5- to 10 MHz 
range. Therefore, data storage and access times are 
quite short. Although not nearly as fast as standard static 
and dynamic RAMs used with the CPU, they are signifi
cantly faster than drums, disks, and tapes. In fact, they 
fall into the access-time gap illustrated in Fig. 2-1. Access 
times in the range of the millisecond to several hundred 
microseconds are typical for CCDs. 

CCDs are _______ data storage and transfer 
devices. 

18 
(serial) Because the storage elements in a CCD are signifi
cantly smaller than the storage elements in standard dy
namic or static RAMs, CCDs can store more information 
in a given-size silicon chip. CCDs can store up to four 
times as many bits of information on a chip of roughly 
the same size and of the same cost as a more conven
tional dynamic RAM. Presently both 16K- and 64K-bit 

· CCDs are available while 256K-bit CCDs are technologi
cally feasible. 

A 64K-bit CCD can store _____ bytes of data. 

19 
(8K) 64 - 8 = 8K 

The storage density of a CCD is approximately 
____ times that of a semiconductor dynamic RAM. 
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20 
(four) Rapid developments in dynamic RAM technology 
have closed the gap between dynamic RAMs and CCDs. 
For example, 64K dynamic RAMs are also presently avail
able but typically cost up to four times as much as 64K 
CCDs. While RAMs appear to be catching up to CCDs, 
CCDs will stiff find a place in the memory hierarchy pri
marily because the higher density can be obtained at 
lower cost. 

Presently available CCDs have a storage capacity of 
______ and bits, but CCDs with a 
storage capacity of bits are possible. 

21 
(16K, 64K, 256K) Because of their longer access time, 
CCDs will not find applications in main semiconductor 
memories associated with the CPU. Instead, CCDs may 
be used to replace more conventional magnetic mass
storage media such as tape and disk. 

CCD mass-storage units may be used to replace magnet- · 
ic ______ or _____ _ 

22 
(tape, disk) Finally, it is important to point out that CCDs 
have one other characteristic that is common to other 
semiconductor memory devices - they are a volatile 
storage media. As you recall, volatile means that data 
stored in a semiconductor memory device is lost when 
power is removed. This volatility characteristic is a disad
vantage of the CCD as a mass-storage device, yet it can 
be overcome by the use of backup power systems such 
as batteries. 

CCDs, like static and dynamic semiconductor RAMs, are 
a memory device. 

23 
(volatile) Go to Frame 24. 
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Magnetic Bubble Memories 

24 
Magnetic bubble memory (MBM) devices have 
cost/performance characteristics similar to those of 
CCDs and ROMs. They also fall into the access-
time/ cost gap previously illustrated in Fig. 2-1. While 
magnetic bubble devices fall into this gap, their storage 
density potential is greater than that of CCDs while their 
access time is somewhat longer. 

MBMs can store (more/less) data than a 
CCD, and the MBM access time is ____ _ 
(greater /less) than that of a CCD. 

25 
(more, greater) Magnetic bubble memories are slower 
than CCDs but have a higher storage density. Magnetic 
bubbles are tiny areas of magnetization formed in a thin 
film of magnetic material. A magnetic bubble memory 
device is made up of a nonmagnetic substrate on which 
a thin film of magnetic material has been deposited. 
Most magnetic bubble memories use a magnetic material 
known as garnet. The atoms in the thin film of magnetic 
material behave like tiny magnets with north and south 
poles. When no external magnetic fields are applied to 
this material, the atomic magnets line up perpendicular 
to the surface of the material with half of the atoms 
having their north pole pointing up and half with the 
north pole pointing down. These areas of opposite mag
netization are equal in size and take the form of random 
serpentine patterns (Fig. 2-4A). 

The main storage media in an MBM is a magnetic materi
al called 

26 
(garnet) When an external magnetic field is applied per
pendicular to the thin film of garnet, the magnetic re
gions with the same direction as the external magnetic 
field expand while the regions magnetized in the oppo
site direction shrink until they form tiny circular cylinders 
or cdomains of magnetization. See Fig. 2-4B. These tiny 
circular domains are referred to as magnetic bubbles. In 
a practical MBM device, this external magnetic field bias
es the magnetic material to form the bubbles and is sup
plied by two tiny permanent magnets placed on either 
side of the device as shown in Fig. 2-5. 

Magnetic bubbles are formed in the garnet material by 
biasing it with external 
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MAGNETIC 
THIN FILM 
(GARNET) 

NON-MAGNETIC 
SUBSTRATE 

(A) No external magnetic field applied. 

BUBBLES 
(B) Magnetic bubbles created when a large magnetic 

bias field is applied. 

Figure 2-4 A magnetic bubble memory chip 
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Figure 2-5 A complete magnetic bubble memory component 

27 
(permanent magnets) The bubbles thus formed are used 
to represent binary data. The presence of a bubble rep
resents a binary 1, while the absence is a 0. 

Once the bubbles have been formed by biasing, some 
method of controlling them is required. This is typically 
accomplished by the combination of a metallic track 
formed on top of the garnet material and a rotating mag
netic field. The metallic track is usually made of a mag
netic material formed into a series of closely spaced 
patterns on the surface of the garnet film. A chevron 
pattern is often used. The rotating magnetic field is creat
ed with two electromagnetic coils wound perpendicular 
to one another over the device as shown in Fig. 2-5. By 
applying the appropriate current waveforms to these 
coils, a rotating magnetic field is created that magnetizes 
the metallic patterns on the garnet. This magnetization 
changes as the field rotates. This causes the bubbles to 
move rapidly along the metallic paths. 

The movement of the bubbles is controlled by a 
of patterns on the garnet and a 

28 
(metallic track, rotating magnetic field) Moving the bub
bles or bits along the track from one metallic pattern to 
the next creates a serial bit stream. The magnetic bubble 
storage device is also a serial data storage device like the 
CCD. The binary data in the form of magnetic bubbles is 
circulated in a loop to form the storage area. Data can 
be read into or out of the magnetic bubble device serial
ly with the related control circuitry. The control circuitry 
associated with the magnetic bubble device provides a 
means of bubble generation, propagation, transfer, de
tection, storage, and erasure. 

Data is stored and retrieved ----- in an MBM. 

29 
(serially) Because the magnetic bubbles are so tiny, many 
thousands of them can be created and controlled in a 
small piece of garnet. In fact, the potential storage densi
ty of magnetic bubbles is much higher than CCDs. Cur
rently practical bubble devices are available with 
92K- and 256K-bit and 1 megabit storage capacities. The 
potential is even higher. 
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Magnetic bubble devices with storage capacities of 
_____ and 

are currently available. 

30 
(92K, 256K, 1 megabit) Magnetic bubble memories are 
nonvolatile storage devices because of their magnetic 
characteristics. Once magnetic bubbles have been creat
ed and data stored, the data is retained if power is re
moved. The permanent magnets associated with the 
garnet hold the data in place if all power is removed 
from the electromagnetic coils and any external logic cir
cuitry. This is a significant advantage over CCDs and oth
er seimconductor storage devices. 

The permanent magnets in an MBM cause the memory 
to be 

and thus retain data if power is removed. 

31 
(nonvolatile) The nonvolatility and the higher storage ca
pacity makes bubble memories more desirable than 
CCDs. However, CCDs are faster than bubble memo
ries. CCDs have typical access times of 100 to 900 mi
croseconds. A typical MBM has an access time of 12 
milliseconds. The choice of CCDs or MBMs by a design
er will be made on the basis of the specific needs of the 
application. 

_______ are faster than ______ _ 

but ------- have greater storage capacity. 

32 
(CCDs, MBMs, MBMs) Now we will take a look at where 
CCDs and bubble memories will be used. Typically, 
these devices will be used to form high-density mass
storage memory units which will be alternatives or re
placements to magnetic memories such as disks and 
tapes. While disk and tape storage media will continue 
to maintain a cost-per-bit advantage over CCDs and 
bubble memories, the higher speed of the CCDs and 
bubble memories at equivalent storage density will offer 
improved performance. 

CCD and MBM mass~storage units will be alternatives or 
replacements for and 
-------peripherals. 
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33 
(tape, disk) Perhaps the greatest benefit of CCDs and 
magnetic bubble memories over disks and tapes is reli
ability. Electromechanical magnetic units are far less reli
able than semiconductor devices in that they produce 
more read/write errors. CCDs and bubble memories 
also offer faster access time. 

The greatest advantages of CCDs and memories over 
magnetic disks and tapes are 
and 

34 
(reliability, access time) Both CCDs and bubble memories 
off er alternatives to disks and, in some cases, random
access memory in microcomputer systems. For example, 
CCDs have two primary categories of applications: (1) 
replacement for random-access memory where low 
cost and high sstorage capacity are more important than 
speed and (2) replacement for mass-storage devices like 
disks where higher access speed is required and cost and 
storage density are secondary considerations. 

This means that CCDs could replace floppy disks or 
hard, fixed-head disks in some applications. They could 
also replace RAM in the microcomputer itself if a special 
application requires it. 

CCDs can be used as replacements for both 
_______ and in special 

applications. 

35 
(RAM, disk) Magnetic bubble memories offer an even 
wider range of applications. They, too, can replace hard, 
fixed-head disks and floppy disks in some applications. 
They can also be used for the temporary storage of data 
in portable and intelligent terminals. They also offer ad
vantages in critical applications requiring nonvolatility. 

MBMs will find use as mass-storage units in critical appli
cations where 
is essential to prevent the loss of important data. 
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(nonvolatility) While both CCD and bubble memories 
can replace floppy disks, hard disks, and magnetic tapes 
in some applications, this does not mean the total elimi
nation of these mass-storage devices. In many applica
tions it is still desirable to have a small, low-cost, portable 
or modular storage media. Disks and tapes are versatile 
in that they are low in cost and can contain considerable 
amounts of information. Typical diskettes or tape cas
settes only cost several dollars each. Their primary ad
vantage is that they are portable or removable. A 
considerable amount of programs and data can be 
stored on a floppy disk or tape which can be removed 
and put away for future use. Many complete libraries of 
programs and data can be formed with floppy disks or 
magnetic tape cassettes. This is not possible with CCD 
and magnetic bubble mass-storage units. 

Floppy disks and tape cassettes have an advantage over 
CCDs and magnetic bubbles in that this type of media is 

or 

37 
(portable or removable) 
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UNIT 2-SELF~TEST REVIEW 

Fill in the blanks with the correct words or select the correct 
answer from the multiple choices given. Answer all questions be
fore checking the answers. 

1. List the three semiconductor devices that show promise as 
future mass-storage elements in microcomputer systems. 

a. 

b. 

c. 

2. ROMs are packaged into 
that are used as pluggable or transportable mass-storage 
media like diskettes. 

3. List three current applications of ROMs as mass-storage 
media. 

a. 
b. 
c. 

4. Which of the following are not advantages of ROM mass 
storage? 

a. high cost 
b. flexibility 
c. portability 
d. can't store under program control 

5. Data can be written into a ROM module under program con-
trol if are used. This is done by a 
interfaced to the computer. 

6. The main storage element in a CCD is a 

7. The storage elements in a CCD form a 
________ where many thousands of bits of data 
can be stored. 

8. CCDs are ______ in that data stored in them is lost 
if power is removed. 

9. CCDs with a storage capacity of and 
_____ bits are presently available. 
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10. Data is stored into and retrieved from a CCD in 
or form. 

11. To store a binary 1 in an MBM, a 
is created in a thin film of garnet. 

12. The magnetic bubbles are controlled by the application of 
an external ___________ ------

13. Like CCDs, bubbles are storage devices 
in that data is entered and retrieved a bit at a time. 

14. MBMs are presently available in sizes of ____ _ 
_____ , and bits. 

15. An important advantage of MBMs is that they are 
------------------ so data is· 
not lost when power is removed. 

16. Which has the faster access time? 

a. CCD 
b. MBM 

17. Which costs more per bit stored? 

a. CCD/MBM 
b. disk 
c. tape 

18. CCD and MBM mass-storage devices may be used to replace 
------------- in some applications. 

19. Two important advantages of CCDs and MBMs over disk 
memories are: 
a. 
b. 

20. An important advantage of diskettes and tape cassettes over 
CCD/MBM units is their __________ _ 



UNIT 2-SELF-TEST ANSWERS 

1. a. ROM 
b. CCD 
c. MBM 

2. modules or cartridges 

3. a. programmable video games 
b. personal computers 
programmable computers 

4. a. high cost 
b. can't store under program control 

5. EPROMs, programmer 

6. MOS capacitor 

7. shift register 

8. volatile 

9. 16K, 64K 

10. serial or sequential 

11. bubble 

12. magnetic field 

13. serial 

14. 92K, 256K, 1 megabit 

15. nonvolatile 

16. a. CCDs 

17. a. CCD/MBM (See Fig. 9-1) 

18. disks 

19. a. faster access time 
b. reliability 

20. portability 
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