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Overview

In this chapter, students learn about the most important component on the motherboard, which is the processor. The student learns how a processor works, about the different types and brands of processors, and how to match a processor to the motherboard. Coolers must be used so that a processor will not overheat. This chapter covers the various cooling systems used for processors. The processor is considered a field replaceable unit (FRU). The student will learn how to install and upgrade a processor. 

Finally, a PC technician needs to be prepared when things go wrong. Therefore, at the end of the chapter, the student will learn about things to try and strategies to use when problems arise with the processor and the motherboard. They will also learn what to do when the system gives problems from overheating. Because the BIOS on the motherboard controls the boot process before an operating system is loaded, troubleshooting the boot is also included in the troubleshooting sections of this chapter.

Chapter Objectives

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

· About the characteristics and purposes of Intel and AMD processors used for personal computers

· About the methods and devices for keeping a system cool

· How to install and upgrade a processor

· How to solve problems with the processor, the motherboard, overheating, and booting the PC

Teaching Tips

Types and Characteristics of Processors

1. Introduce and explain a processor.

2. Use Figure 6-1 to illustrate an AMD Athlon 64 X2 processor installed in socket AM2+ with the cooler not yet installed.

3. Note the two major manufacturers of processors.

4. Review the list of processor features that affect performance and the motherboards that can support them.

How a Processor Works

1. Use Figure 6-2 to describe the three basic processor components.
2. Describe a register and explain how a processor may use it.

3. Explain and distinguish between the terms front-side bus, internal bus and back-side bus.

4. Introduce and explain processor frequency.

a. Describe a multiplier.

b. Describe overclocking.

· Emphasize overclocking should never be used in a business environment.

c. Describe throttling.

d. Introduce and explain the three methods to improve CPU performance.

· Multiprocessing

· Dual processors

· Multi-core processors
e. Use Figure 6-3 to illustrate a motherboard for a server with two processor sockets.

f. Use Figure 6-4 to illustrate how quad-core processing can work if the processor uses an L3 cache and an internal memory controller.

g. Use Figure 6-5 to introduce and explain memory cache.

· Discuss the use of DRAM and SRAM.

h. Define the term microcode.
i. Describe the different technologies a processor can use.

· MMX (Multimedia Extensions)

· SSE (Streaming SIMD Extension)

· 3DNow!

· SSE2

· Intel Hyper-Threading and AMD HyperTransport

· PowerNow!

· Cool’n’Quiet

· Enhanced Intel SpeedStep Technology (EIST)

· Execute Disable Bit

· EM64T (Extended Memory 64 Technology)

	Teaching 

Tip
	For more information on the CPU, see the following website: http://en.wikipedia.org/wiki/Central_processing_unit 



Intel Processors

1. Introduce Intel processors and describe the four major groups.

2. Use Table 6-1 to illustrate Intel processors in each group, as well as some significant retired processors.

a. Point out that each processor listed in Table 6-1 represents several processors that vary in performance and functionality.
b. Explain how Intel identifies processors.

3. Use Figure 6-7 to illustrate the Intel Core i7 processor.

4. Describe the use of the Intel specification number (sSpec).

a. Explain how it may be used to identify an exact processor model.

	Teaching 

Tip
	Point students to the following website to download the Intel Processor Identification Utility: 
http://www.intel.com/support/processors/tools/piu/ 




AMD Processors

1. Introduce AMD processors.

2. Use Table 6-2 to illustrate the current AMD processors for desktops and laptops.

3. Use Figure 6-8 to illustrate an Athlon 64 X2 Dual-Core processor.
4. Emphasize that AMD processors use different sockets and slots than Intel processors, so the motherboard must be designed for one manufacturer’s processor or the other, but not both.
	Teaching 

Tip
	More information on AMD products may be found at: http://www.amd.com



Quick Quiz 1

1. The ____________________ installed on a motherboard is the primary component that determines the computing power of the system.
Answer: processor
2. Memory on the processor die is called ____________________.

A. Level 1 cache (L1 cache)

B. Level 2 cache (L2 cache)

C. Level 3 cache (L3 cache)

D. Level 4 cache (L4 cache)

Answer: A
3. True or False: The control unit component of a processor manages all activities inside the processor itself.

Answer: True

4. True or False: Processor frequency is the speed at which the processor operates externally.
Answer: False

5. ____________________ is accomplished when a processor contains more than one ALU.

A. Throttling

B. Overclocking

C. Multiprocessing

D. Multi-core processing

Answer: D
Cooling Methods and Devices
1. Describe why cooling methods are required in a computer system and for a processor.

Coolers, Fans, and Heat Sinks

1. Define and explain the terms cooler and heat sink.

2. Use Figure 6-9 to illustrate and explain a cooler.

3. Describe the materials that from which a cooler may be constructed.

a. Use Figure 6-10 to illustrate a Thermaltake multisocket cooler made of copper and containing an adjustable fan.

4. Describe thermal compound and explain its purpose in keeping processors cool.

a. Use Figure 6-11 to illustrate thermal compound that is already stuck to the bottom of a cooler purchased boxed with the processor.
5. Use Figure 6-12 to describe how the processor cooler receives its power.
Case Fans and Other Fans and Heat Sinks

1. Introduce and describe case fans.

a. Use Figure 6-13 to illustrate where a case fan might be installed.

2. Point out that high-end systems can have as many as seven or eight fans mounted inside the computer case.

3. Describe the advantages of the BTX form factor, ball bearing case fans, and larger case fans in terms of system cooling.

4. Emphasize that processors and graphics cards are the two highest heat producers in a system.

a. Describe methods for cooling graphics cards.

b. Use Figure 6-14 to illustrate a PCI fan card.
5. Describe methods for cooling RAM and considerations to review when selecting a cooling method.

Liquid Cooling Systems

1. Describe the more exotic ways to keep a processor cool.

· Peltier

· Refrigeration

· Water coolers

2. Use Figure 6-16 to illustrate one liquid cooling system where the liquid is cooled by fans sitting inside a large case. 
Dealing with Dust

1. Explain why dust is not good for a PC.

2. Use Figure 6-17 to illustrate a dust-jammed fan that caused a system to overheat.

3. Describe methods to rid a PC of dust.
4. Use Figure 6-18 to illustrate an antistatic vacuum designed to work inside sensitive electronic equipment, such as computers and printers.
	Teaching 

Tip
	More information on heat sinks may be found at: http://www.heatsink-guide.com/peltier.htm 



Quick Quiz 2
1. The ____________________ sits on top of the processor and consists of a fan and a heat sink, which are fins that draw heat away from the processor.

Answer: cooler

2. A creamlike ____________________ eliminates air pockets, helping to draw heat off the processor.

Answer: thermal compound

3. True or False: To get its power, the processor fan power cord connects to a 4-pin fan header on the motherboard.
Answer: True

4. True or False: Most cases use a fan in the rear to help draw air into the case.

Answer: False
5. A(n) ____________________ is a heat sink carrying an electrical charge that causes it to act as an electrical thermal transfer device.

Answer: peltier

Selecting and Installing a Processor

1. Describe the various situations that may require a PC technician to install a processor.

2. Emphasize the importance of knowing how to match a processor for the system in which it is installed.

3. Explain that a PC technician will need to know how to install the processor on the motherboard for each of the current Intel and AMD sockets used for desktop and laptop systems.

Select a Processor to Match System Needs

1. Note that when selecting a processor, the first requirement is to select one that the motherboard is designed to support.
2. Explain why sometimes the technician will need to sacrifice processor performance for cost.

3. Review the three general steps to select a processor to meet system needs at an acceptable cost.

a. Read motherboard documentation.

b. Select a processor.

c. Select a cooler.
Install a Processor

1. Describe how to install an Intel Core i7 Processor 920 in a socket 1366.
a. Use Figures 6-19 to 6-31 to illustrate the process.

b. Use Figures 6-32 and 6-33 to illustrate how to use the BIOS setup to verify that the system recognized the processor correctly.

2. Describe how to install an Intel Pentium 4 in a socket 775.
a. Use Figures 6-34 to 6-39 to illustrate the process.

3. Describe how to install a processor into a socket 478.
a. Use Figures 6-40 to 6-43 to illustrate the process.

4. Describe how to install a processor in the AMD socket AM2 or AM2+.
a. Use Figures 6-44 to 6-48 to illustrate the process.

BIOS Power Management Settings for the Processor

1. Point out that after the processor is installed and other processor settings in BIOS setup have been verified, it is a good idea to check power management settings that pertain to the processor.

2. Describe the four modes of the Advanced Configuration and Power Interface (ACPI) standard.
3. Describe how the ACPI CPU P states operate.

4. Describe how the ACPI C states operate.

5. Point out that some ACPI power-management features can be controlled from Windows and others can be controlled from BIOS.
6. Explain that to control power using the BIOS, go to BIOS setup and access the Power menu.

a. Use Figure 6-49 to illustrate the default settings for one processor.

Troubleshooting the Motherboard and Processor

1. Remind students what is meant by a field replaceable unit (FRU).

2. Concerning the motherboard, describe FRUs.

3. Explain why a PC technician should be cautious when trying to substitute good hardware components for those suspected to be bad.

Problems with Installations

1. Describe troubleshooting steps to take when a PC technician has just installed a new processor and the system does not boot.

2. Describe troubleshooting steps to take when a PC technician just installed a new motherboard that is not working.

Problems with the Motherboard or Processor

1. Remind students that if a power-on password has been forgotten, the BIOS jumper group may be used to reset the password.

2. Review characteristics that indicate a CMOS battery failure.
a. Review the steps to replace the CMOS battery.

3. Review the symptoms of a failing motherboard or processor.

4. Emphasize the troubleshooting principle of checking the simple things first.
5. Discuss troubleshooting steps to follow before trading out the motherboard or processor if the system is hanging or freezing at odd times, refusing to boot, or components on the motherboard are failing.
6. Describe troubleshooting steps to follow if the motherboard or processor is suspected of causing the system to hang or freeze at odd times, refuse to boot, or causing motherboard components to fail.

Problems with Overheating

1. Emphasize why it is important to keep a system cool.

2. Describe points of failure that may cause overheating.

3. Discuss symptoms indicating that a system is overheating.

4. Explain some simple things a technician can do to solve an overheating problem.
a. Use Figure 6-51 to illustrate the installation of a case fan in the rear of a case.

b. Use Figure 6-52 to illustrate how to allow air flow in a tower case sitting on a carpet.
5. Discuss more drastic solutions to resolve overheating issues.

a. Use Figure 6-53 to illustrate why vents and fans need to be arranged for best airflow.

b. Use Figure 6-54 to illustrate a power supply with vents on the bottom to provide better airflow inside the case.

6. Emphasize the importance of checking with the processor and case manufacturers for specific instructions as to the placement of fans and what type of fan and heat sink to use.

7. Use Figure 6-55 to describe a chassis air guide noting that Intel and AMD both recommend a chassis air guide (CAG) as part of the case design.

Boot Problems before the Operating System Loads

1. Use Figure 6-56 to illustrate a structured game plan for resolving boot problems before the system loads.
2. Explain why error messages on the screen indicate that video and the electrical system are working.
3. Explain how to troubleshoot POST before video is active.

a. Describe how POST reports errors before BIOS checks video.

b. Use Table 6-3 to illustrate the more common meanings of beep codes.

c. Provide a list of the Web sites for the most common BIOS manufacturers.
d. Use Figure 6-57 to illustrate the Web site for American Megatrends, Inc. (AMI) with explanations of beep codes produced by its startup BIOS.
e. Discuss the steps to take if no beeps are heard, even after rebooting a couple of times.

4. Explain how to troubleshoot problems with video that prevent BIOS messages from displaying.

5. Explain how to troubleshoot error messages during the boot before the OS loads.

a. Use Table 6-4 to illustrate possible boot error messages and their meaning.

Quick Quiz 3
1. True or False: When selecting a processor, the first requirement is to select one that provides the best performance.

Answer: False

2. After the system is up and running, a technician can check ____________________ setup to verify that the system recognized the processor correctly.
Answer: BIOS

3. The Advanced Configuration and Power Interface (ACPI) mode where the hard drive, monitor, and processor are turned off is known as ____________________.

A. S1 state

B. S2 state

C. S3 state

D. S4 state

Answer: B

4. True or False: Advanced Configuration and Power Interface (ACPI) P states are used by the processor to stop its internal operations to conserve power.

Answer: False
5. True or False: The first troubleshooting principle is to check the simple things.
Answer: True

Class Discussion Topics

1. What is the difference between multiprocessing using two ALUs and multitasking using one ALU?

2. How would CPU performance be impacted if the frequency of the processor and system bus were configured with an incorrect multiplier?

3. What essential features characterize members of the Intel Pentium family of processors? 

Additional Projects

1. Research Intel’s Hyper-Threading (HT) Technology. Identify three to five benefits of HT Technology. In addition, indicate the weaknesses of HT Technology. Summarize the information gathered in 1 to 2 paragraphs.

2. Research the latest advancement in multiple processing, multi-core processing. Describe its history and future. Explain how Intel and AMD utilize the technology in their latest processors.
Additional Resources

1. Detailed Explanation of CPU Operations:

http://www.hardwaresecrets.com/article/209
2. Information about multi-core processors:
http://www.multicoreinfo.com 
3. Product Information for Intel Processors:
http://www.intel.com/products/processor/index.htm 

4. Product Information for AMD Processors:
http://www.amd.com/us-en/Processors/ProductInformation/0,,30_118,00.html 

5. Computer cooling:
http://en.wikipedia.org/wiki/CPU_cooling 

Key Terms

· 3DNow!: Implemented by AMD. A processor instruction set designed to improve performance with 3D graphics and other multimedia data.
· Advanced Configuration and Power Interface (ACPI): The current set of standards that is used by BIOS, hardware, and the OS to manage power.
· back-side bus (BSB): The bus between the CPU and the L2 cache inside the CPU housing.

· blue screen errors: See stop errors.

· C states: An ACPI definition used by the processor to stop its internal operations to conserve power.
· case fan: Help to draw air into and out of the case.
· Centrino: Intel’s mobile processor technology. Using the Centrino technology, the Intel processor, chipset, and wireless network adapter are all interconnected as a unit, which improves laptop performance. Core 2 Quad, Core 2 Duo, Core Solo, Pentium M, Pentium Dual-Core, and Celeron mobile processors have been packaged as a Centrino processor.

· chassis air guide (CAG): Part of the case design. This air guide is a round air duct that helps to pull and direct fresh air from outside the case to the cooler and processor.

· Cool’n’Quiet: AMD technology to lower power requirements and helps keep a system quiet. 

· cooler: A combination cooling fan and heat sink mounted on the top or side of a processor to keep it cool.

· DRAM: Memory modules (DIMMs) on the motherboard.

· dual-core processing: Two processors contained in the same processor housing that share the interface with the chipset and memory.
· Enhanced Intel SpeedStep Technology (EIST): Intel’s technology to put the processor in a sleep state when they are inactive and reduce voltage requirements and CPU frequency depending on the demands placed on the processor.
· Execute disable bit: An Intel security feature that prevents software from executing or reproducing itself if it appears to be malicious.
· front-side bus (FSB): Another term for the system bus.

· heat sink: A piece of metal, with cooling fins, that can be attached to or mounted on an integrated chip (such as the CPU) to dissipate heat.
· hyper-threading: Intel’s technology to allow each logical processor within the processor package to handle an individual thread in parallel with other threads being handled by other processors within the package.
· hyper transport: AMD’s technology to allow each logical processor within the processor package to handle an individual thread in parallel with other threads being handled by other processors within the package.
· internal bus: The bus inside the CPU that is used for communication between the CPU’s internal components.
· Level 1 (L1) cache: A type of internal cache.
· Level 2 (L2) cache: A type of internal cache.
· Level 3 (L3) cache: A type of internal cache.
· liquid cooling system: A more exotic method to keep a system cool. Options include refrigeration, peltiers, and water coolers.
· memory cache: A small amount of faster RAM that stores recently retrieved data, in anticipation of what the CPU will request next, thus speeding up access. See also system bus.

· microcode: A programming instruction that can be executed by a CPU without breaking the instruction down into simpler instructions. Typically, a single command line in a Visual Basic or C++ program must be broken down into numerous microcode commands.

· MMX (Multimedia Extensions): The first technology to support repetitive looping, whereby the processor receives an instruction and then applies it to a stream of data that follows. Prior to MMX, each data set had to be preceded by an instruction to process it. MMX helps with processing multimedia data, which includes a lot of repetition when managing audio and graphics data.

· multi-core processing: With this technology, the processor housing contains two or more cores that operate at the same frequency, but independently of each other. Each core is a logical processor, which contains two ALUs; therefore, each core can process two instructions at once.
· multiplier: The factor by which the bus speed or frequency is multiplied to get the CPU clock speed.

· multiprocessor platform: A system that contains more than one processor. The motherboard has more than one processor socket and the processors must be rated to work in this multi-processor environment.
· octo core: Multicore processing using eight cores and supporting sixteen instructions at once.

· overclocking: Running a processor at a higher frequency than is recommended by the manufacturer, which can result in an unstable system, but is a popular thing to do when a computer is used for gaming.

· P states:  An ACPI definition where power is saved by lowering the CPU frequency and voltage.
· PowerNow!: AMD’s technology to put the processor in a sleep state when they are inactive and reduce voltage requirements and CPU frequency depending on the demands placed on the processor.

· processor frequency: The speed, or frequency, at which the CPU operates. Usually expressed in GHz.

· quad core: Multicore processing using four cores and supporting eight instructions at once.

· S1 state: An Advanced Configuration and Power Interface (ACPI) power mode where the hard drive and monitor are turned off and everything else runs normally. Some manufacturers call this mode the sleep mode or standby mode.

· S2 state: An Advanced Configuration and Power Interface (ACPI) power mode where the hard drive, monitor, and processor are turned off. This mode is also called standby or sleep mode.
· S3 state: An Advanced Configuration and Power Interface (ACPI) power mode where everything is shut down except RAM and enough of the system to respond to a wake-up call such as pressing the keyboard or moving the mouse. This mode is sometimes called sleep mode, suspend mode, standby mode, or suspend to RAM.
· S4 state: An Advanced Configuration and Power Interface (ACPI) power mode called hibernation. In hibernation, everything in RAM is copied to a file on the hard drive and then the system shuts down. Later, when a power button is pressed, the system does not have to go through the slow boot process, but can quickly read contents of the hibernation file and restore the system to exactly as it was before S4 state was enabled.
· SIMD:  See SSE.

· static RAM (SRAM): RAM chips that retain information without the need for refreshing, as long as the computer’s power is on. They are more expensive than traditional DRAM.
· SSE (Streaming SIMD Extension): An improvement over MMX. SIMD stands for “single instruction, multiple data.” As with MMX, it allows the CPU to receive a single instruction and then execute it on multiple pieces of data. SSE also improves on 3D graphics.
· SSE2: SSE2 has a larger instruction set than SSE.

· SSE3: SSE3 improves on SSE2.
· SSE4: SSE4 increases the instruction set to improve 3D imaging for gaming and improve performance with data mining applications.
· stop errors:  Errors that occur while Windows Vista/XP is loading. They appear on a blue background and the system halts. These errors are called stop errors or blue screen errors and are usually caused by viruses, errors in the file system, a corrupted hard drive, a corrupted system file, or a hardware problem. How to handle blue screen errors is covered in Chapters 15 and 16.
· thermal compound: A creamlike compound placed between the bottom of the cooler heatsink and the top of the processor. This compound eliminates air pockets, helping to draw heat off the processor. The thermal compound transmits heat better than air and makes an airtight connection between the fan and the processor.
· triple core: Multicore processing using three cores and supporting six instructions at once.
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