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Chapter 7

Upgrading Memory
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Overview

Chapter 7 covers the process of upgrading memory. The initial sections review memory topics presented in earlier chapters: types of RAM, ROM, memory cache, and memory modules (SIMM, DIMM, and RIMM). After outlining basic features of memory, methods for checking errors and measuring memory speed are presented. Once the foundations for understanding memory are in place, the complete memory upgrade procedure is detailed from parts selection to implementation. The final sections deal with troubleshooting problems associated with memory upgrades.

Chapter Objectives

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

· About the different kinds of physical memory and how they work

· How to upgrade memory

· How to troubleshoot problems with memory

Teaching Tips

Memory Technologies

1. Introduce and define random access memory (RAM).

2. Describe the two categories of RAM.

3. Emphasize the distinction between static RAM (SRAM) and dynamic RAM (DRAM).

a. Point out that memory cache consists of SRAM.
b. Emphasize that both types are volatile.
4. Use Figure 7-1 to illustrate how DRAM is stored on memory modules, which are then installed into a memory slot on the motherboard.

5. Emphasize that new motherboards sold today use dual inline memory modules (DIMMs).

a. Briefly describe the types of DIMM used for laptops and subnotebook computers.

6. Introduce and explain the two older types of memory modules known as RIMM and SIMM.

7. Use Table 7-1 to illustrate examples of memory modules.

8. Discuss why a PC technician needs to understand older and newer memory technologies.

9. Use Figure 7-2 to illustrate a timeline of different technologies used by RAM.

10. Introduce the organization responsible for standards used by solid-state devices, including RAM technologies.
11. Describe the goal of each new RAM technology.
12. Explain why RAM manufacturers continue to produce the older RAM technologies.

	Teaching 

Tip
	More information on state of the art high-speed, non-volatile low-power computer memory may be found at: http://www.sciencedaily.com/releases/2009/09/090901082709.htm 



DIMM Technologies

1. Introduce and describe dual inline memory module (DIMM) technology.

2. Explain why SIMMs and the early DIMMs did not run in sync with the system clock.

3. Point out that the first DIMM to run synchronized with the system clock is synchronous DRAM (SDRAM).
4. Introduce and describe Double Data Rate SDRAM.

a. Explain the improvements that have been made to DDR SDRAM.

5. Introduce the factors that affect the capacity, features, and performance of DIMMs.

6. Introduce and discuss the physical location of memory chips on a DIMM.

a. Explain what is meant by the terms single-sided DIMM, double-sided DIMM and memory bank.

b. Explain why DIMMs can always be installed as single DIMMs on a motherboard.

7. Describe how memory on the DIMM is addressed.

a. Define and explain the terms dual ranked and single ranked.

8. Introduce and describe a memory channel.

a. Explain what is meant by a single channel, dual channel, and triple channel.

b. Explain how to setup dual channeling.

c. Use Figure 7-3 to illustrate a triple channel installation.

9. Introduce and describe DIMM speeds.

10. Explain the need for DIMM reliability in servers.

a. Describe error-correcting code (ECC) technology.

b. Describe the older error-checking technology called parity.

11. Discuss the importance of understanding DIMM size and density.

a. Use Figure 7-4 to illustrate DIMM density as a formula.

b. Use Figure 7-5 to illustrate chip density.

12. Review the role of buffers and registers.

a. Explain how the DIMMs use buffers and registers to improve performance.

b. Use Figure 7-6 to illustrate an advertisement for unbuffered memory.

c. Use Figure 7-7 to illustrate how notches on SDRAM DIMMs are positioned to identify the technologies that the module supports.

13. Describe what is meant by CAS latency and RAS latency.

Quick Quiz 1

1. True or False: Dynamic RAM is volatile memory.

Answer: True

2. The first DIMM to run synchronized with the system clock was ____________________.

Answer: synchronous DRAM (SDRAM)

3. A(n) ____________________ bank is the memory a processor addresses at one time.

Answer: memory

4. To improve overall memory performance, ____________________ allow the memory controller to communicate with two DIMMs at the same time.

Answer: dual channels

5. True or False: All SDRAM, DDR, DDR2, and DDR3 memory modules support error-correcting code (ECC).
Answer: False

RIMM Technologies
1. Introduce and describe the memory technologies developed by Rambus, Inc.

2. Use Figure 7-8 to illustrate a RIMM with a 16-bit data bus.

3. Describe the function of a Continuity RIMM (C-RIMM).

	Teaching 

Tip
	More information on Rambus may be found at: http://www.rambus.com 



SIMM Technologies

1. Introduce and describe SIMM technologies.

2. Discuss the terms, speed, access time, and refresh rate as they relate to SIMM technology.

3. Describe the two major categories of SIMMs.

4. Review the technologies used by SIMMs that must match up with what an older motherboard supports.
	Teaching 

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



Memory Technologies and Memory Performance

1. Discuss the factors to consider when looking at the overall performance of memory.

2. Point out that connectors inside memory slots are made of tin or gold, as are the edge connectors on the memory modules.
3. Emphasize the need to match tin leads to tin connectors and gold leads to gold connectors to prevent corrosive chemical reactions between the metals.

	Teaching 

Tip
	More information on next generation memory composition may be found at: http://nextbigfuture.com/2009/04/singapore-has-made-computer-memory.html 




How to Upgrade Memory

1. Indicate that memory is upgraded by adding more RAM to a computer.

2. Review the list of problems that can be solved by memory upgrades.

3. Point out that most computers have empty slots on a board, used to accommodate new memory.
4. Introduce the list of questions that should be considered when adding more memory to a computer.

How Much Memory Do I Need and How Much Is Currently Installed?

1. Emphasize that the answer to this question is straightforward, in that a user will probably need as much memory as allowed by the system.

2. Review Windows operating system memory needs and limitations.

How Many and What Kind of Memory Modules Are Currently Installed?

1. Review the steps a technician would follow to learn what type and how many modules are already installed.

2. Use Figure 7-10 to illustrate manufacturer and model information imprinted on the motherboard.

How Many and What Kind of Modules Can Fit on My Motherboard?

1. Point out items to consider when determining how much, and what type of memory modules may be added to the motherboard.

2. Describe how DIMM modules may be added.

a. Use Figure 7-11 to describe how to install DIMM modules on a motherboard using DDR3 triple-channel DIMMs.

b. Use Figure 6-41 to describe how to install DIMM modules on a motherboard using DDR DIMMs with dual channeling.

· Use Figure 7-12 to outline the possible configurations of these DIMM modules.
· Use Figure 7-13 to illustrate the label on a DIMM module.

c. Use Figure 7-14 to describe how to install DIMM modules on a Pentium motherboard using DDR DIMMs.

d. Use Figure 7-15 to describe how to install DIMM modules on a motherboard that can use a combination of single-sided and double-sided DIMMs.

e. Use Figure 7-16 to describe how three DIMM slots can use four 64-bit memory banks supported by a motherboard chipset.

3. Remind students that all RIMM slots must be filled with either RIMMs or C-RIMMs.

a. Explain how to replace one or more C-RIMMs or RIMMs on an Intel D850MV board with four RIMM slots and 256 MB installed RAM.

b. Use Figure 7-17 to illustrate the label on a RIMM.

c. Use Table 7-2 to illustrate how the table found in the motherboard manual can be used to decide on how to upgrade RAM.

4. Explain how to replace SIMM modules.

How Do I Select and Purchase the Right Memory Modules?

1. Review the compromises that may need to be made when purchasing memory.

2. Discuss the grades of chips embedded on a memory module.

3. Explain how to determine the date a chip was manufactured.

4. Define and describe re-marked chips.

5. Explain how to use a website to research memory purchases.

a. Use Figure 7-18 to illustrate the Kingston website.
b. Use Figure 7-19 to illustrate the Crucial website.
How Do I Install the New Modules?

1. Emphasize the importance of protecting chips against static electricity when installing RAM modules.

2. Review the precautions a PC technician should take when installing RAM.

3. Explain how to install DIMM modules.

a. Use Figure 7-20 and Figure 7-21 to illustrate the process.

4. Explain how to install RIMM modules.

a. Use Figure 7-22 to illustrate the process.

5. Explain how to install SIMM modules.

a. Use Figure 7-23 to illustrate the process.

	Teaching 

Tip
	More information on how to upgrade computer memory may be found at: http://tech.yahoo.com/gd/how-to-upgrade-your-pc-s-ram/200102 



Troubleshooting Memory

1. List the type of errors symptomatic of memory problems.

2. Describe General Protection Fault (GPF) errors.

Upgrade Problems

1. Discuss the range of troubleshooting tasks to undertake if the computer does not recognize new DIMMs, RIMMs, or SIMMs, or if memory error messages appear.

Recurring Problems

1. Discuss the range of troubleshooting tasks to undertake if the system locks up; there are regular error messages about illegal operations; General Protection Faults occur during normal operation; and memory has not recently been upgraded.

Quick Quiz 2

1. When installing RAM modules, a PC technician must first protect the chips against ____________________ electricity.

Answer: static

2. True or False: Most often, placing memory on the motherboard is all that is necessary for installation.

Answer: True

3. In Windows, memory errors can cause frequent ____________________ errors.

Answer: General Protection Fault (GPF) 

4. True or False: Replace memory modules one at a time.

Answer: True

5. True or False: A Windows 32-bit operating system can support up to 8 MB of RAM.
Answer: False

Class Discussion Topics

1. Why is it still necessary to learn about older memory technologies when new motherboards are equipped with only new types of memory?
2. How does dual channeling effectively double the speed of memory? 

3. What are the benefits and costs associated with memory modules that incorporate ECC or traditional parity checking?
Additional Projects

1. Investigate SDRAM, and SRAM technologies. Describe the differences between the two technologies. Report your findings in 1 to 2 paragraphs.

2. Investigate the memory modules used in your own PC. Identify chip model, manufacturer, and year of production. Using the Internet, perform additional research on the chip(s). Do you turn up a high incidence of complaints against the memory module? If so, are there commonalities? Do these reveal issues with your own system? Report your findings in 1 to 2 paragraphs.
Additional Resources

1. More Information on RAM:

http://en.wikipedia.org/wiki/Random_access_memory 
2. Error detection and correction:

http://en.wikipedia.org/wiki/Error_detection_and_correction 
3. Parity Checking: 

http://www.webopedia.com/TERM/P/parity_checking.html 
4. Upgrading Memory:

http://www.pcworld.com/article/id,18024-page,1/article.html 
5. Advice from Microsoft on Troubleshooting RAM Installations:

http://www.microsoft.com/windowsxp/using/setup/expert/ballew_tshootram.mspx 
Key Terms

· Burst EDO (BEDO): Improved on EDO, but was rarely used. You might encounter it on some 72-pin SIMMs or 168-pin DIMMs.

· CAS Latency (CL): A feature of memory that reflects the number of clock cycles that pass while data is written to memory.

· C-RIMM (Continuity RIMM): A placeholder RIMM module that provides continuity so that every RIMM slot is filled.

· DDR: An improved version of SDRAM.

· DDR2: A version of SDRAM that is faster than DDR and uses less power.

· DDR3: An improvement over DDR and DDR2 that is faster and uses less power.
· Direct Rambus DRAM: A memory technology by Rambus and Intel that uses a narrow network-type system bus. Memory is stored on a RIMM module. Also called RDRAM or Direct RDRAM.

· Direct RDRAM: Another term for Direct Rambus DRAM.

· Double Data Rate SDRAM: A type of memory technology used on DIMMs that runs at twice the speed of the system clock.

· DDR SDRAM: An abbreviation for Double Data Rate SDRAM.

· double-sided: A DIMM with memory chips installed on both sides of the module.
· dual channels: A motherboard feature that improves memory performance by providing two 64-bit channels between memory and the chipset. DDR and DDR2 memory can use dual channels.

· dual ranked: Double-sided DIMMs that provide two 64-bit banks.

· dynamic RAM (DRAM): The most common type of system memory, it requires refreshing every few milliseconds.

· ECC (error-correcting code): A chipset feature on a motherboard that checks the integrity of data stored on DIMMs or RIMMs and can correct single-bit errors in a byte. More advanced ECC schemas can detect, but not correct, double-bit errors in a byte.

· EDO (extended data out): A type of outdated RAM that was faster than conventional RAM because it eliminated the delay before it issued the next memory address.

· FPM (fast page memory): Can be used with 30-pin or 72-pin SIMMs or some really old 168-pin DIMMs.

· General Protection Fault (GPF): A Windows error that occurs when a program attempts to access a memory address that is not available or is no longer assigned to it.

· memory bank: The memory a processor addresses at one time and is 64 bits wide.

· parity: An error-checking scheme in which a ninth, or “parity,” bit is added. The value of the parity bit is set to either 0 or 1 to provide an even number of ones for even parity and an odd number of ones for odd parity.

· parity error: An error that occurs when the number of 1s in the byte is not in agreement with the expected number.

· RDRAM: Another term for Direct Rambus DRAM.

· re-marked chips: Chips that have been used and returned to the factory, marked again, and resold. The surface of the chips may be dull or scratched.

· RIMM: An outdated type of DRAM with 184 pins.

· SIMM (single inline memory module): An outdated type of DRAM with 72 or 30 pins.

· Single channel: A DIMM in which the memory controller can only access one DIMM at a time.

· single ranked: Single-sided DIMMs providing only one 64-bit bank.

· single-sided: A DIMM with memory chips installed on one side of the module.

· SO-DIMM (small outline DIMM): a smaller version of a DIMM used on laptops.

· synchronous DRAM (SDRAM): The first DIMM to run synchronized with the system clock. It has two notches, and uses 168 pins.

· triple channels: Accessing three DIMMs at the same time.
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