Chapter 4 – Memory Storage

An important function of a computer is its ability to retain information. The processors language is Binary, therefore the information is stored in 1’s and 0’s. The types of memory that were introduced in Chapter 1 were – RAM, Hard Disk, Floppy Disk and CD/DVD memory. This chapter will introduce another type of memory called Cache memory. It will show how all these types of memory store their information, what they are used for and why they are needed.

Memory Capacity

Information is stored in the form of a 1 or 0 this is referred to as a ‘Bit’. They are usually used in groups of 8 bits called a ‘Byte’. The capacity of a device to store information is measured in bytes. As capacity increases, it is not usual to refer to thousands or millions of bytes, instead the terms ‘Kilobyte’ and ‘Megabyte’ are used. Kilo means one thousand and Mega means one million. Because of the nature of storage devices, it is not practical for binary information to be grouped in thousands or millions. Therefore a Kilobyte is not technically one thousand bytes, it is 1,024 bytes or 210 bytes. Megabyte is also not technically one million bytes, but 1,048,576 bytes or 220 bytes. The terms Kilo and Mega are used because they are easier than saying the above numbers, but they are not exact in describing the correct amount of storage.

1 byte 

= 8 bits

1 Kilobyte 
= 1,024 bytes 

= 210 bytes

1 Megabyte 
= 1,048,576 bytes 
= 220 bytes

Hard Disk

This is the primary storage area for the computer system as it has the single largest memory capacity of any device on the computer. It is located close to the motherboard and is attached to it through an IDE cable. This cable provides quick access to all the information on the hard disks. The most important attribute to a hard disk is its integrity. As it is the primary storage device, it is where all the key information for the computer is stored.

Storage
The hard drive consists of a number of rotating magnetic disks stacked on top of each other and a ‘head’ that reads from and writes to each of these disks. The following diagram shows the basic structure of a hard disk






Each of these disks is divided into a track and sector so that all the information can be located on it. The tracks are concentric rings on the disk and the sectors are divisions of these rings. 





The access speed of a hard drive is measured by how quickly the head of the drive can get to a specific sector of the hard disk. This is measured through ‘Seek Time’ – the time it takes to get to the correct track on the disk, and ‘Rotational Latency’ - the time it takes to get to the sector on the track. The total access time is the sum of these two.

Access Time = Seek Time + Rotational Latency

The information is stored on the hard disk by a magnetic field on a small area on the surface of the disk. The magnetic field is referred to as a dipole. The direction of the dipole indicates if the information is a 1 or a 0. 

There are two rules of magnetism to consider when dealing with hard disks

1. A copper wire with a flowing current will induce a magnetic field according to the right hand rule.

2. A magnetic field around a copper wire will induce current to flow in the wire according to the right hand rule

The Right Hand Rule

If you put the thumb of your right hand pointing upwards, representing the current direction, and curl your fingers, your fingers will point in the direction of the magnetic field. Likewise if you point your thumb downwards, your fingers will curl in the opposite direction, showing the change of direction of the magnetic field







Write Cycle

The aim of the write cycle is to get all the Binary information onto the disk in the form of dipoles. Each dipole will represent one bit, and the direction of the dipole will indicate if that bit is a 1 or a 0.  Therefore it is important to be able to control the direction of the dipoles magnetic field. This is done through the head of the hard drive. Inside this head is a copper wire. By sending a current through the wire, a magnetic field is created and this magnetic field is used to magnetise the disk. The direction of the current will determine the direction of the field, therefore the dipole direction will be controlled. The write cycle is summarised with the following four stages:

1. Current is sent through the head

2. Magnetic field is created around the copper wire

3. Magnetic field magnetises a small area of the hard drive

4. Magnetised area is called a Dipole













Read Cycle

To get the information that is stored on the disk, the head is placed at the correct track and sector, and scans above each dipole that has to be read. The direction of each dipole is determined by reading the direction of the induced current. 

1. The head is placed above the dipole

2. Dipoles magnetic field creates a field around the copper wire

3. Magnetic field induces a current in the wire

4. Direction of the current says if the information is 1 or a 0

By placing the head over each dipole in turn, the string of binary information can then be read.

	
	
	
	
	
	
	
	

	1
	0
	1
	1
	0
	0
	1
	0


A number of challenges arise when reading from and writing to a hard disk. One of them is deciding how far from the disk the head will be. The closer the head is to the disk, the more quickly the information can be transferred. But if the head is touching the disk, then the disk will be worn away more quickly. Also if there are any particles on the disk and the head picks them up, then the disk could be scratched and data lost. A compromise has to be sought between having the head close enough to the disk for speedy access, yet far enough away so no damage is done to the disk. For this reason, hard disks are made in a clean room environment where there are practically no dust particles and they are sealed within a dust-proof casing within the computer for their protection. This ensures that the head is able to get extremely close to the disk without the fear of damage from dust particles

Usage of Hard Disks

Hard disks are the primary storage area in the computer. It is here that the operating system is stored along with all the application software as well as personal files accessed by the user. There are removable hard disks available, but generally a hard disk is a fixed component within the computer casing with no outside physical access. It is a non-volatile storage medium. This means that when the power is removed, the information will remain on the disk. It can be written to or read from quickly, faster then a floppy disk, but slower then RAM. The size of hard disks varies, but their capacity is generally greater then any other means of storing information on a computer.

Floppy Disks

These comprise of magnetic disks surrounded by an outer plastic casing. The magnetic disk inside uses the same storage method as the hard disks. Writing to the disk using the current flowing in the head to magnetically charge the disk and reading from the disk by inducing the current to flow in the head according to the polarity of the dipole. The metal attachment on the floppy disk protects the disk from damage while allowing the head access to the metallic disk inside. Reading from and writing to a floppy disk takes longer then to a hard disk because the head cannot get as close to a floppy disk as it does to a hard disk. They are one of the cheapest methods of transporting information from one computer to another without a network connection










Front of Floppy Disk

 Back of Floppy disk

Fig 4.6

Magnetic Tape

Computers use magnetic tape mainly for backup storage. The two main reasons for this are because the information on the tape takes a long time to locate and download and because the tape is able to hold a lot of information. The magnetic tape stores information magnetically in a similar way to the hard and floppy disks, except the magnetic dipoles are stored on the flexible tape rather then a solid disk.

Optical Storage

This section classifies CDs (Compact Disk) and DVDs (Digital Versatile Disk). The previous sections classified the memory according to how the information was stored (magnetically). Optical storage classifies it according to how it is read. 

The information is stored on a disk by having ‘dents’ in the plastic of the disk. The depth of the dents indicate if the information is a one or a zero. When the laser is shone over the CD, it will reflect at a different angle for the different depths. Fig 4.7 shows the cross section of the CD and the different depths of the aluminium.

	


Fig 4.7

DVD’s can store much more information. They work on the same principles as the CD. The depth of the dents indicates if the information is a one or a zero. However the DVD can store more information because of two main reasons. The first is that the DVD disk can have two layers of information on top of each other. The outer layer of information is stored on semi-transparent material so that the laser can be focused through the outer layer and onto the one underneath. The second reason is that DVD stores it’s information in compacted form, called MPEG 2. This compressing of the information and doubling up of storage space greatly increases the amount of information a DVD can store compared to a CD. Fig 4.8 shows a cross section of a DVD disk.
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Fig 4.8

RAM

Random Access Memory is memory that is used by the computer to access all the information that the computer needs to run. This memory is volatile (it looses it’s information when the power is turned off). It is stored close to the CPU and is also referred to as the Main Memory. There are different types of RAM. The following list shows examples of a few types of RAM

DRAM

Dynamic RAM

This type of RAM constantly needs to be refreshed, but is cheaper then most types of RAM because of its uncomplicated design

It is also the slowest of all the types of RAM to access.

SDRAM
Synchronous Dynamic RAM

This type of RAM operates at the same speed as the system clock.

SRAM

Static RAM

This does not need to be constantly refreshed. It can retain its information with a very low constant current. This can be used as cache memory

RAMBUS 
Rambus is the name of the company that makes this type of RAM

This particular type of RAM is extremely fast and volatile.

The computer uses RAM for all its memory requirements. The hard drive could be viewed as the long term memory of the computer, that stores all the information about the computer, its software and files. When the computer starts up, the RAM is empty so the operating system is loaded into the RAM. As each application is needed it is loaded into RAM which will retain it for short-term memory. When the CPU is asked to perform an operation, it will go to RAM to look for everything it needs.

ROM

Read Only Memory is any type of memory that cannot be written over or changed in any way and is only for reading. These are usually CD’s or DVD’s as the information that is stored on them (e.g. an album or a film) does not require to be changed. However there are levels of ROM that can be changed and they are classified as follows

PROM
- Programmable ROM can be written to once and then the information is permanently stored on the device

EPROM
-Erasable PROM can be written to and then erased by exposing the window on the chip to UV light

EEPROM
- Electronically EPROM can be written to and the erased through electrical signals

ROM is used on the motherboard of a computer to store start-up information for the computer. This is called the BIOS chip. When the computer is turned on the RAM holds no information because it is volatile. Therefore the processor cannot tell it to load the information from the hard drive because the processor cannot access any information because there is nothing in RAM. (a circular problem)

This is overcome by having the BIOS hold initial instructions that are hard wired to the RAM. So on start-up the BIOS automatically transfers instructions into the RAM to get it started.

Assignments

Investigate the following on your computer 

	
	Size 
	Speed

	RAM
	
	

	Cache
	
	

	Hard drive
	
	

	CD/DVD
	
	


Are the memory needs of your computer adequate?

Investigate the cost and impact of upgrading your computers memory.

Exercises

1. Why does 1 kilobyte describe 1024 bytes and not 1000 bytes?

2. Describe the read cycle of a floppy disk 

3. Why is a floppy disk enclosed in a plastic casing?

4. What is the right hand rule of magnetism?

5. What is the access time of a hard disk?

6. What is a dipole?

7. What is magnetic tape used for?

8. What are the advantages of DVD over CD?

9. What is the difference between EPROM and EEPROM?

10. How is ROM used in a computer?

11. What are the differences between RAM and ROM?

12. How is RAM used in the computer?
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