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Overview

This chapter covers hard drives, the most important secondary storage device in a computer. Supporting hard drives is one of the more important tasks of a PC support technician. The chapter introduces the different kinds of hard drive technologies that have accounted for the continual upward increase in hard drive capacities and speeds over the past few years. The student will learn about past and present methods of communication between the computer and the drive, so that he or she can support both older and newer drives.

While floppy drives are becoming obsolete, they have not completely disappeared. In this chapter, the student will learn just enough about them to know how to support this older technology. Benefits of studying floppy drives include their similar design to hard drives and ease in learning the inner workings. Therefore, they can be a great aid in understanding how hard drives work. Finally, the student will learn how to install the different types of hard drives and what to do if problems arise with a hard drive.

Chapter Objectives

After reading this chapter and completing the exercises, the student will learn:

· About the technologies used inside a hard drive and how data is organized on the drive

· How a computer communicates with a hard drive

· How hard drives can work together in a RAID array

· About floppy drives

· How to select and install a hard drive

· How to solve hard drive problems

Teaching Tips

Inside a Hard Drive

1. Introduce and define a hard disk drive.

2. Describe three sizes of hard drives noting that all three sizes use the same type of hardware technologies inside the drive.

3. Emphasize that a PC technician needs to understand hard drive technologies.

Solid State, Magnetic, and Hybrid Drives

1. Introduce two types of technologies used within drive housings.

2. Define and discuss a solid state drive (SSD).

3. Use Figure 8-1 to illustrate two sizes of solid state drives and what the inside of a solid state drive looks like.

4. Define and discuss a magnetic hard drive.

a. Define the terms read/write head, head, actuator, drive spindle, and disk platter.

b. Use Figure 8-2 to illustrate the inside of a hard drive.

c. Use Figure 8-3 to illustrate a close-up of the hard drive in Figure 8-2.

5. Define hybrid hard drives and describe how they work.

	Teaching 

Tip
	More information on solid state hard drives may be found at: http://www.ramsan.com/whatisassd.htm 
 


How Data Is Organized On a Hard Drive

1. Use Figure 8-4 to illustrate how a hard drive is divided into tracks and sectors.

2. Describe low-level formatting.

3. Explain how hard disk capacity is determined.

4. Use Figure 8-5 to describe the role of circuit board firmware inside the drive housing.

5. Explain logical lock addressing (LBA).

6. Describe what happens when a hard drive is first installed in a Windows system.

a. Describe the concept of a basic disk.

b. Review the contents of the master boot record (MBR).

7. Describe the process of creating a partition on the drive.

a. Define the terms high-level formatting, primary partition, file system, cluster, extended partition, and logical drive.

b. Use Figure 8-6 to illustrate a hard drive with four partitions.

8. Explain when primary and extended partitions can be created.

a. Use Figure 8-7 to illustrate how the Windows Disk Management tool may be used to view and manage partitions on a drive.

b. Use Figure 8-8 to illustrate Windows Explorer and seven drives.

9. Describe the file system choices available when formatting a primary partition or volume.

	Teaching 

Tip
	More information on Windows file systems may be found at: http://www.microsoft.com/whdc/device/storage/LocFileSys.mspx 
 


Quick Quiz 1

1. A(n) ____________________ has no moving parts.

Answer: state drive (SSD) or solid state device (SSD)
2. A(n) ____________________ is a circle on a disk surface that is divided into segments, called sectors.

Answer: track

3. True or False: In a low-level disk format, the size of the partition is specified. 

Answer: False

4. True or False: An extended partition can be divided into one or more logical drives.

Answer: False

5. The ____________________ is designed to provide greater security and to support more storage capacity than the FAT32 file system.

Answer: New Technology file system (NTFS)

Hard Drive Interface Standards

1. Introduce and describe the methods drives use to interface with the computer.

2. Use Figure 8-9 as a guideline for the standards used by internal drives.

The ATA Interface Standards

1. Introduce the ATA interface standard.

2. Explain how ATA interface standards are developed.

3. Introduce the two categories within the ATA standard: PATA and SATA.

4. Use Table 8-1 to illustrate the ATA standard’s revision history.

5. Define and describe Self-Monitoring Analysis and Reporting Technology (S.M.A.R.T.).
6. Discuss parallel ATA (EIDE) drive standards.

a. Use Figure 8-10 to illustrate ATA cables.

b. Point out that all PATA standards since ATA-2 allow up to four parallel ATA devices to be connected to a motherboard using two data cables.

c. Note that the set of parallel ATA or EIDE devices includes hard drives, as well as CD, DVD, and tape drives.
d. Point out that EIDE devices must follow the ATAPI (Advanced Technology Attachment Packet Interface).
7. Distinguish between the two types of PATA ribbon cables.

a. Use Figure 8-11 to illustrate a comparison between the 80-conductor cable and the 40-conductor cable.

b. Mention the maximum recommended length of both cables.
8. Distinguish between DMA (direct memory access) transfer mode and PIO (Programmed Input/Output) transfer mode.

9. Explain how drive speed is determined if two hard drives share the same parallel ATA cable, but use different standards.

a. Describe the Independent Device Timing feature.
10. Introduce Serial ATA cabling by identifying the organizations responsible for developing and overseeing the standard.

a. Use Table 8-2 to illustrate the three major revisions to SATA.

b. Highlight the critical difference between serial and parallel ATA.

c. Define hot swapping.

d. Explain how a SATA drive connects to an internal SATA connector on the motherboard.

e. Use Figure 8-12 to illustrate a SATA cable.

f. Introduce External SATA (eSATA) ports.

g. Use Figure 8-13 to illustrate two eSATA ports on a motherboard.
h. Describe items to keep in mind when purchasing a SATA hard drive.

SCSI Technology

1. Introduce the Small Computer System Interface (SCSI) standard, noting that it is mainly used in servers.

a. Emphasize that SCSI standards can be used by many internal and external devices, including hard drives, CD-ROM drives, DVD drives, printers, and scanners.
b. Emphasize that SCSI is a standard for communication between a subsystem of peripheral devices and the system bus.

c. Indicate that an SCSI bus can support up to 7 or 15 physical devices.

d. Explain why SCSI devices are mostly used in corporate settings and are seldom seen in the small office or used on home PCs.
2. Using Figure 8-14, describe a SCSI subsystem that includes an SCSI controller, cabling, and internal and external devices.

a. Note that the controller may be an embedded device or adapter card (host adapter).

b. Note that all of the devices and the host together form a daisy chain.

c. Use Figure 8-15 to illustrate a SCSI host adapter card.

3. Indicate that an SCSI bus can support up to 7 or 15 physical devices, which are assigned an SCSI ID (0 -15), by means of DIP switches, dials on the device, or a software setting.

a. Note that each physical device can embed several logical devices, which are assigned Logical Unit Numbers (LUNs). 

b. Explain how terminating resistors (Figure 8-16) are used to reduce noise or interference.

4. Introduce SCSI standards and explain who is responsible for the standards.

a. Describe the three major versions of SCSI.

· SCSI-1 (Regular SCSI)

· SCSI-2 (Fast SCSI)

· SCSI-3 (Ultra SCSI)

5. Describe the latest SCSI standard, known as serial attached SCSI (SAS).

6. Explain how Fibre Channel, a rival to SCSI, allows up to 126 devices to be connected on a single bus.

	Teaching 

Tip
	More information on Fibre Channel RAID device support for Windows XP Professional may be found at: http://support.microsoft.com/kb/935430 
 


Quick Quiz 2

1. Self-Monitoring Analysis and Reporting Technology is a system ____________________ feature.

Answer: BIOS

2. True or False: SATA is the older and slower ATA standard.

Answer: False

3. True or False: Parallel ATA is also called the EIDE (Enhanced IDE) standard.

Answer: True

4. True or False: DMA transfers data directly from the drive to memory without involving the CPU.

Answer: True

5. With ____________________, a technician can connect and disconnect a drive while the system is running.

Answer: hot-swapping or hot-plugging

6. The latest SCSI standard is ____________________.

A. SCSI-3

B. fibre channel

C. serial attached SCSI 
D. eSATA

Answer: C

RAID: Hard Drives Working Together

1. Introduce and define redundant array of inexpensive disks or redundant array of independent disks (RAID).

2. Describe two reasons why a PC technician might consider using RAID.

3. Describe the three common levels of RAID.

· RAID 0

· RAID 1

· RAID 5

4. Define and explain spanning.

5. Emphasize that all RAID configurations can be accomplished at the hardware level or the operating system level.

6. Explain why configuring RAID at the hardware level is considered a best practice.

	Teaching 

Tip
	More information on RAID may be found at: http://en.wikipedia.org/wiki/RAID 
 


About Floppy Drives

1. Emphasize that even though floppy disk drive (FDD) capacity is small, they are still used in some computers today.

2. Describe advantages of using floppy drives.

Floppy Drive Hardware

1. Distinguish between a 3 ½-inch floppy disk and a 5 ¼-inch floppy disk. 

a. Indicate that the high density (1.44 MB) version of the 3 ½ inch disk is the only floppy disk technology used today.

2. Use Figure 8-17 to illustrate and explain the floppy drive subsystem.

3. Point out that today’s floppy drive cables have a connector at each end and accommodate a single drive. Older cables, like the one in Figure 8-17, have an extra connector (or two) in the middle of the cable for a second floppy drive.

a. Use Figure 8-18 to illustrate an older floppy drive cable with a twist in the cable to determine which drive is drive A.

Floppy Drive File System

1. Use Figure 8-19 to illustrate the details of a floppy drive file system.

a. Review the terms track and sector.

b. Explain how to calculate storage capacity.

c. Explain the process of formatting a disk.

d. Describe the purpose of the root directory and all subdirectories.

How to Select and Install Hard Drives and Floppy Drives

1. Introduce the topics of selecting and installing drives in the system, dealing with installation problems, and setting up a RAID system.

Selecting a Hard Drive

1. Indicate that for best performance, a PC technician needs to match hard drive technologies to the system BIOS on the motherboard or the firmware on the hard drive controller card.

2. Explain that through autodetection BIOS detects the new drive and selects the correct drive capacity and configuration, including which ATA standard a hard drive supports.

3. If the drive selected is not compatible with the startup BIOS, BIOS will either not recognize the device or inaccurately report drive specifications in CMOS setup.

4. The solution to this problem is to flash BIOS, replace the controller card, or replace the motherboard. 

5. Review the factors to consider when purchasing a hard drive.

6. Use Table 8-3 to illustrate popular hard drive manufacturers.

Steps to Install a Serial ATA Drive

1. Explain why it is best to use the SATA connectors for hard drives.

2. Use Figure 8-20 to illustrate the back of two hard drives, where one uses a serial ATA interface and the other uses a parallel ATA interface.

3. Emphasize that some serial ATA drives have two power connectors and it is important to select just one.

4. Use Figure 8-21 to illustrate adapters that may be used to allow the hard drive connector to fit the motherboard's connectors.

5. Use Figure 8-22 to illustrate how a PC technician may purchase a SATA and/or PATA controller card that can provide internal PATA or SATA connectors and external eSATA connectors.

6. Use Figure 8-23 to Figure 8-32 to review the step-by-step process for installing a SATA drive:
a. Step 1: Preparation

b. Step 2: Installation

c. Step 3: Partitioning and formatting the new drive

7. Use Figure 8-31 to Figure 8-32 to illustrate how to install a drive into a removable bay.

Steps to Configure and Install a Parallel ATA Drive

1. Note that a motherboard can support up to four EIDE devices using either 80-conductor or 40-conductor cables.

a. Use Figure 8-33 to illustrate a motherboard offering two IDE connections.

b. Describe the four possible configurations for four EIDE devices in a system:

· Primary IDE channel, master device

· Primary IDE channel, slave device

· Secondary IDE channel, master device

· Secondary IDE channel, slave device

2. Point out that the master or slave designations are made by setting jumpers or DIP switches on the devices, or by using a special cable-select data cable.

3. Use Figure 8-34 to illustrate how the connectors on a parallel ATA 80-conductor cable are color-coded.

4. Use Figure 8-35 to illustrate color-coding that is intended to ensure that the ATA/66/100/133 hard drive is installed on the primary IDE channel.

5. Use Figure 8-36 to Figure 8-44 and Table 8-4 to illustrate the major steps for installing a PATA drive:
a. Step 1: Open the case and decide how to configure the drives

b. Step 2: Set the jumpers on the drive

c. Step 3: Mount the drive in the bay

	Teaching 

Tip
	More information on how to troubleshoot SATA hard drives may be found at: http://seagate.custkb.com/seagate/crm/selfservice/search.jsp?DocId=210439&NewLang=en 
 


Installing a Hard Drive in a Wide Bay

1. Use Figure 8-45 and Figure 8-46 to illustrate how a universal a kit adapter works.

How to Implement Hardware RAID

1. Explain how RAID can be implemented.

2. Use Figure 8-47 to illustrate a RAID controller card with four SATA connectors.

3. Use Figure 8-48 to illustrate a motherboard supporting RAID 0 and RAID 1.
4. Review the general directions to install a RAID array using three matching hard drives in a RAID 5 array.
5. Explain how to get the best performance out of a hardware RAID system.

6. Emphasize that if Windows is to be installed on a hard drive that is part of a RAID array, RAID must be implemented before Windows is installed.

7. Review the general directions to install a RAID array using three matching hard drives in a RAID 5 array and a motherboard that has six SATA connectors supporting RAID.

a. Use Figure 8-49 to Figure 8-53 to illustrate the process.

Steps to Install a Floppy Drive

1. Note that although most PCs no longer include a floppy drive, they still have expansion bays that can accommodate a drive and motherboards having 34-pin floppy drive connectors.

2. Note that without a bay, an external floppy drive may be connected to a system using a USB port.

a. Use Figure 8-54 to illustrate an external floppy drive.

3. Using Figure 8-55 and Figure 8-56, review the seven-step procedure for replacing a floppy drive.

Troubleshooting Hard Drives

1. Introduce the concepts covered in this section:

· Problems with hard drive installations and problems that occur after the installation with hard drives and floppy drives.
· Problems with booting the PC caused by hard drive hardware.
2. Mention that how to deal with problems caused by a corrupted Windows installation is covered in Chapters 15 and 16.

Problems with Hard Drive Installations

1. Inform students that hard drive installations are usually not complex.

a. Describe those circumstances that complicate hard drive installation.

2. Discuss the list of scenarios that cropped up during a few hard drive installations.
3. Review the items to explore if BIOS setup does not recognize a newly installed hard drive.

How to Approach a Hard Drive Problem after the Installation

1. Indicate some problems that occur after the installation:

· Corrupted data files.
· A corrupted Windows installation.
· A hardware issue preventing the system from booting.
2. Review the steps PC technicians should take before directly addressing a problem: 

· Start with the end user (conduct an interview).
· Prioritize what you have learned (e.g., backing up data is first priority). 

· Be aware of available resources (e.g., documentation, Internet, and Technical Support).

· Use Figure 8-57 and Figure 8-58 to illustrate helpful hard disk manufacturer web sites.

Boot Problems Caused By Hard Drive Hardware

1. Introduce possible boot problems that may occur due to hard drive issues.

2. Review the BIOS POST process function.

3. Describe the possible error messages that may appear if BIOS cannot find a hard drive.
4. Review possible reasons BIOS cannot access the hard drive.

5. Discuss the list of items to do and check in order to resolve hard disk issues occurring during BIOS POST processing.

a. Use Figure 8-59 to illustrate how to temporarily connect a faulty hard drive to another system to diagnose the problem and try to recover data.

b. Use Figure 8-60 to illustrate the use of an IDE to USB converter for diagnostic testing and to recover data from a failing PATA hard drive.

c. Use Figure 8-61 to illustrate the use of a SATA to USB converter to recover data from a drive using a SATA connector.

6. Describe how a hard drive crash can occur, should a computer be bumped or moved while the hard drive is operating.

a. Explain a trick that might work for a hard drive whose head mechanism is intact but whose first few tracks are damaged.

b. Describe another trick for an older hard drive having trouble spinning when first turned on.

7. Explain what to do if the error message “Invalid drive or drive specification,” is received and the system BIOS cannot read the partition table information.

8. Describe how bad sector errors occur and how to minimize their impact.

9. Explain what to do if solid state drives produce errors.
Troubleshooting Floppy Drives and Disks

1. Review Table 8-5 illustrating problems along with troubleshooting procedures.
2. Use Figure 8-62 to illustrate floppy disk write-protect notch positions.

	Teaching 

Tip
	More information on troubleshooting floppy disk drive problems in Windows

 may be found at: http://support.microsoft.com/kb/131690 
 


Quick Quiz 3

1. True or False: RAID 1 stripes data across three or more drives and uses parity checking.

Answer: False

2. With ____________________, two hard drives are configured as a single volume.

Answer: spanning

3. With ____________________, the BIOS detects the new drive and automatically selects the correct drive capacity and configuration, including the best possible standard supported by both the hard drive and the motherboard.

Answer: autodetection

4. True or False: Serial ATA hard drives are easier to install than parallel ATA drives.
Answer: True

5. True or False: When an end user brings a problem to a technician, the technician should begin the troubleshooting process by interviewing the user.

Answer: True

Class Discussion Topics

1. What are the primary differences between the parallel ATA and serial ATA interface standards? 

2. If performance were the only consideration, which secondary storage technology would you use? Why would you make this choice? 

Additional Projects

1. Research the magnetic properties of a disk surface. How is the magnetic surface organized? How is data written to the surface? How is data read from the surface? Provide your response in 1 to 2 paragraphs. 

2. Perform additional research on direct memory access (DMA) and programmed I/O (PIO). Why is the DMA mode preferred over the PIO mode for transferring data between main memory and a hard drive? Does the CPU play any role in DMA? If so, specify the relationship between the CPU and the DMA module. Provide a 1 to 2 paragraph response. 

Additional Resources

1. How Floppy Drives Work: 

http://computer.howstuffworks.com/floppy-disk-drive.htm 
2. Hard Drive Components:

http://www.webopedia.com/DidYouKnow/Hardware_Software/2002/InsideHardDrive.asp 
3. More Information on ATA interfaces 

http://en.wikipedia.org/wiki/AT_Attachment 
4. Installing a Hard Drive:

http://www.pcmech.com/show/harddrive/43 
5. Troubleshooting a Hard Drive:

http://www.techadvice.com/tech/H/HardDriveTS.htm 
Key Terms

· 80-conductor IDE cable: An IDE cable that has 40 pins but uses 80 wires, 40 of which are ground wires designed to reduce crosstalk on the cable. 
· active partition: The one bootable partition. 

· ANSI (American National Standards Institute): A nonprofit organization dedicated to creating trade and communications standards. 

· ATAPI (Advanced Technology Attachment Packet Interface): An interface standard, part of the IDE/ATA standards, that allows tape drives, CD-ROM drives, and other drives to be treated like an IDE hard drive by the system.

· autodetection: A feature of system BIOS and hard drives that automatically identifies and configures a new drive in CMOS setup.

· basic disk: A single hard drive that works independently of other hard drives.

· block mode: A method of data transfer between hard drive and memory that allows multiple data transfers on a single software interrupt.

· boot record: The first sector of a floppy disk or logical drive in a partition; it contains information about the disk or logical drive. On a hard drive, if the boot record is in the active partition, then it is used to boot the OS. Also called boot sector.

· boot sector: Another term for a boot record. 

· cluster: One or more sectors that constitute the smallest unit of space on a disk for storing data (also referred to as a file allocation unit). Files are written to a disk as groups of whole clusters.

· DMA (direct memory access) transfer mode: A transfer mode used by devices, including the hard drive, to transfer data to memory without involving the CPU.

· drive image: The duplication of everything written to a hard drive.

· EIDE (Enhanced IDE): A standard for managing the interface between secondary storage devices and a computer system. A system can support up to six serial ATA and parallel ATA IDE devices or up to four parallel ATA IDE devices such as hard drives, CD-ROM drives, and DVD drives.

· extended partition: An extended partition can be divided into one or more logical drives. Each logical drive is assigned a drive letter (such as drive G:) and is formatted using its own file system.

· external SATA (eSATA): standard that specifies full SATA cabling for external disks. 

· FAT12: The 12-bit wide, one-column file allocation table for a floppy disk, containing information about how each cluster or file allocation unit on the disk is currently used.

· file allocation unit: Another term for a cluster.

· fault tolerance: A computer’s ability to respond to a fault or catastrophe, such as a hardware failure or power outage, so that data is not lost.
· file allocation table (FAT): A table on a hard drive or floppy disk that tracks how space on a disk is used to store files.

· file allocation unit: A cluster in the file allocation table (FAT).

· file system: The overall structure an OS uses to name, store, and organize files on a drive. In a file system, a cluster is the smallest unit of space on a disk for storing a file and is made up of one or more sectors. A file system tracks how these clusters are used for each file stored on the disk.
· floppy disk drive (FDD): a drive that can hold either a 5 ¼ inch or 3 ½ inch floppy disk.

· Formatting: The process, you specify the size of the partition and what file system it will use.

· hard disk drive (HDD): Most often called a hard drive, comes in two sizes for personal computers: the 2.5" size is used for laptop computers and the 3.5" size is used for desktops. In addition, a smaller 1.8" size (about the size of a credit card) hard drive is used in some low-end laptops and other equipment such as MP3 players. All three sizes of hard drives use the same types of hardware technologies inside the drive: solid state or magnetic. In addition, some drives use a combination of both technologies

· hard drive: See hard disk drive.

· head: The top or bottom surface of one platter on a hard drive. Each platter has two heads.

· high-level formatting: Formatting performed by means of the DOS or Windows Format program (for example, FORMAT C:/S creates the boot record, FAT, and root directory on drive C and makes the drive bootable). Also called OS formatting.

· host adapter: The circuit board that controls a SCSI bus supporting as many as seven or fifteen separate devices. The host adapter controls communication between the SCSI bus and the PC.

· IDE (Integrated Device Electronics): A hard drive whose disk controller is integrated into the drive, eliminating the need for a controller cable and thus increasing speed, as well as reducing price. See also EIDE.

· hot-plugging: See hot-swappable.

· hot-swapping: Having the ability to connect and disconnect a drive while the system is running.

· hybrid hard drives: A drive that uses both solid state and magnetic technologies.

· Integrated Device Electronics: A loose term for the EIDE (enhanced IDE) standard.

· Logical Unit Number (LUN): A number assigned to a logical device (such as a tray in a CD changer) that is part of a physical SCSI device, which is assigned a SCSI ID.

· logical drives: See extended partition.

· low-level formatting: A process (usually performed at the factory) that electronically creates the hard drive tracks and sectors and tests for bad spots on the disk surface.

· magnetic hard drive: A drive with one, two, or more platters, or disks that stack together and spin in unison inside a sealed metal housing that contains firmware to control reading and writing data to the drive and to communicate with the motherboard. The top and bottom of each disk have a read/write head that moves across the disk surface as all the disks rotate on a spindle. All the read/write heads are controlled by an actuator, which moves the read/write heads across the disk surfaces in unison. The disk surfaces are covered with a magnetic medium that can hold data as magnetized spots. Almost all hard drives sold today for desktop computers are magnetic hard drives.

· mirrored volume: See RAID 1. Windows calls RAID 1 a mirrored volume.

· New Technology file system (NTFS): A file system designed to provide greater security and to support more storage capacity than the FAT32 file system.

· operating system formatting: another term for high-level formatting.

· parallel ATA: An older IDE cabling method that uses a 40-pin flat data cable or an 80-conductor cable and a 40-pin IDE connector. See also serial ATA.

· PIO (Programmed Input/Output) transfer mode: A transfer mode that uses the CPU to transfer data from the hard drive to memory. PIO mode is slower than DMA mode.

· RAID (redundant array of inexpensive disks or redundant array of independent disks): Technology uses an array of hard drives used to provide fault tolerance and/or improvement in performance.

· RAID 0: Uses space from two or more physical disks to increase the disk space available for a single volume. RAID 0 writes to the physical disks evenly across all disks so that no one disk receives all the activity, and therefore improves performance. Windows calls RAID 0 a striped volume. To understand that term, think of data Striped - or written across - several hard drives.

· RAID 1: Is a type of drive imaging. It duplicates data on one drive to another drive and is used for fault tolerance.

· RAID 5: stripes data across three or more drives and uses parity checking, so that if one drive fails, the other drives can re-create the data stored on the failed drive. Data is not duplicated, and, therefore, RAID 5 makes better use of volume capacity. RAID 5 drives increase performance and provide fault tolerance. Windows calls these drives RAID-5 volumes.

· RAID-5 volumes: See RAID 5.

· read/write head: A sealed, magnetic coil device that moves across the surface of a disk either reading data from or writing data to the disk.
· ReadyDrive: Windows Vista technology that supports a hybrid drive.
· SCSI (Small Computer System Interface): A fast interface between a host adapter and the CPU that can daisy chain as many as 7 or 15 devices on a single bus.

· SCSI ID: A number from 0 to 15 assigned to each SCSI device attached to the daisy chain.

· SCSI host adapter card: commonly called the host adapter. The host adapter is inserted into an expansion slot on the motherboard and is responsible for managing all devices on the SCSI bus. A host adapter can support both internal and external SCSI devices, using one connector on the card for a ribbon cable or round cable to connect to internal devices, and an external port that supports external devices.

· serial ATA (SATA): An ATAPI cabling method that uses a narrower and more reliable cable than the 80-conductor cable. See also parallel ATA.

· serial ATA cable: An IDE cable that is narrower and has fewer pins than the parallel IDE 80-conductor cable.

· serial attached SCSI (SAS) The latest SCSI standard, serial SCSI, also called serial attached SCSI (SAS), allows for more than 15 devices on a single SCSI chain, uses smaller, longer, round cables, and uses smaller hard drive form factors that can support larger capacities than earlier versions of SCSI. SAS can be compatible with SATA drives in the same system, and claims to be more reliable and better performing than SATA.

· simple volume: Another name for the primary volume.

· S.M.A.R.T. (Self-Monitoring Analysis and Reporting Technology): A self-monitoring technology whereby the BIOS monitors the health of the hard drive and warns of an impending failure.

· solid state device (SSD): A drive with no moving parts. Also called a solid state drive.

· solid state drive (SSD): A drive with no moving parts. Also called a solid state device.

· Spanning: When two hard drives are configured as a single volume.
· striped volume: See RAID 0.

· terminating resistor: The resistor added at the end of a SCSI chain to dampen the voltage at the end of the chain.

· Volume: The primary partition. The volume is assigned a drive letter (such as drive C: or drive D:) and is formatted using a file system.
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