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内 容 简 介

本书的主要目的是使读者掌握电子信息工程专业英语术语及用法,培养和提高读者阅读和翻译专业英语

文献资料的能力.本书由１０个主题单元组成,涵盖了电子信息领域的主要技术分支.主要内容包括电子器

件、电子电路、电子系统组件、电子系统、现代数字设计、数字信号处理、语音和音频、图像和视频、嵌入式应用、

电子仪器与测量等.每个主题单元由３篇课文、３篇阅读材料、课文词汇、课文注释和练习组成.每篇课文均

有参考译文,书后附有练习参考答案、科技英语语音手册和词汇手册;全书配有电子教案、视频材料等教辅资

源,通过华信教育资源网 www．hxedu．com．cn免费提供给授课教师参考.

本书可作为电子信息工程专业的专业英语教材,也可供从事相关专业的工程技术人员参考使用.

未经许可,不得以任何方式复制或抄袭本书之部分或全部内容.

版权所有,侵权必究.
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前　　言

　　电子信息工程是国内外飞速发展的工程领域之一.为了应对国际化竞争,大学生必须在学

习阶段打下坚实的专业基础,发展全面的职业技能.“熟练运用专业英语、有效进行科技交流”
是电子信息工程专业大学生的重要专业素养和必备职业技能.

为了提高学生的专业英语阅读写作能力、拓展学生对电子信息工程关键技术的认识、培养

具备国际竞争力的技术人才,«电子信息工程专业英语教程(第５版)»[TechnicalEnglish
CourseforElectronicInformationEngineering (FifthEdition)]充分吸收最新科技成果和英

语教学成果,按照先进实用的选材原则和简明系统的组织原则,为电子信息工程专业大学生构

建了一个提高英语水平和专业素养的平台.
本教程分为１０个主题单元,涵盖了电子信息工程领域的主要技术分支.每个单元由３篇

课文、３篇阅读材料和一套单元练习组成.课文侧重展示基础理论和核心技术;阅读材料着力

介绍历史沿革、实用技术和未来前景;单元练习采用完形填空、英汉互译、摘要写作的方式训练

语言技能.
本教程各单元包含的具体技术内容如下:

１ 电子器件 VLSI技术、微处理器、存储器、数字时代、闪存、微控器

２ 电子电路 运算放大器、低通滤波器、ADC、开关电容滤波器、DAC

３ 电子系统组件 开关电源、时钟信号源、互连部件、PCB技术、电源芯片、晶振

４ 电子系统 移动电话系统、PC系统、RFID系统、GPS系统、无线局域网

５ 现代数字设计 FPGA、VHDL语言、PLD发展史、Verilog语言、SoC

６ 数字信号处理 DSP基础、DSP处理器、ASP与DSP、软件无线电、医学图像处理

７ 语音和音频 高保真音频(CD)、音频压缩(MP３)、３G/４G/５G、声码器

８ 图像和视频 数字图像、数码相机、电视信号、JPEG标准、视频编码系统、视频格式

９ 嵌入式应用 内核、设计语言、RTOS、ARM 处理器、嵌入式 OS

１０ 电子仪器与测量 信号源、示波器、逻辑分析仪、信号完整性、虚拟仪器

第１~４单元按照“器件”(device)→“电路”(circuit)→“系统”(system)的思路,全景展示了

一个典型电子信息系统的构建过程.关于“器件”,我们选择了当今广泛应用的两种 VLSI芯

片———微处理器和存储器,它们是数字时代电子系统的核心.关于“电路”,我们选择了模拟电

路的代表———运算放大器和滤波器,以及混合电路的代表———ADC和 DAC,它们是数字时代

电子系统的外围.众多功能电路可以构成“系统组件”(systemcomponent),我们选择了任何电

子系统都离不开的“电源设备”(powersupply)、“时钟信号源”(clocksource)和“互连部件”
(interconnects),它们分别相当于系统的“血液”“心脏”和“筋骨”.关于“系统”,我们选择了移

动电话、个人计算机(PC)和全球定位系统(GPS)等.
􀅰Ⅲ􀅰
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第５~６单元聚焦两种数字电子系统核心的设计手段.一方面,可以利用 VHDL、Verilog
等硬件设计语言,在可编程的FPGA和CPLD芯片上,设计定制的数字电子系统核心.另一方

面,可以利用汇编语言、C语言等软件设计语言,在可编程的 DSP芯片上,设计功能强大的信号

处理核心.在工程实际中,这两种方式往往配合使用.
第７~８单元通过介绍CD、MP３等具体应用,展示了电子信息工程在音频、视频、图像等多

媒体领域的发展成果,同时反映出多姿多彩的设计思路和理论成就.学习本单元,有助于激发

学生的创新性思维.
第９~１０单元面向工程实际,展示了嵌入式产品形成过程的主要方面———选择芯片、选择

设计语言、选择操作系统,利用仪器进行测试、验证、故障排除等.关于“芯片”,我们选择了嵌入

式领域广泛使用的 ARM.关于“语言”,我们介绍了汇编语言、C语言、C＋＋语言、Java语言.
关于“操作系统”,我们展示了“实时操作系统”(RTOS)和“嵌入式操作系统”(embeddedOS).
关于“仪器测量”,我们选择了３件必备仪器———信号源、示波器、逻辑分析仪,并涉及了“信号完

整性”(SI)问题和“虚拟仪器”(VI)应用.
在英语语言技能训练方面,本教程采用了３种方式———完形填空、英汉互译、摘要写作.进行

“完形填空”练习,有助于雕琢语言细节———语法、词汇、固定搭配、专业术语、专业表达方法等.进

行“英汉互译”练习,有助于明辨英汉语言差异、文化差异和思维方式差异,从而提高专业阅读、
学术写作和科技交流的水平.进行“摘要写作”练习,有助于熟悉科技文体格式、用词特点和写

作技巧,为将来写作科技论文打下良好基础.
任何语言能力的培养,必须在真实的场景中训练才会收到实效.在本教程中,各单元练习

全部取材于国外大学教材、科技专著、国际会议论文、工程技术文档(芯片使用指南、用户手册、
技术白皮书)、业内专家文章和著名公司网站等(详见参考资料),以期达到“利用英语学专业、通
过专业练英语”的教学目标.

为了便于学生自学,本教程提供了课文参考译文、练习参考答案.此外,本教程在附录中还

提供了“科技英语语音手册”和“科技英语词汇手册”.
为了便于教师授课及丰富课堂内容,本教程配有 PowerPoint电子讲稿、阅读材料参考译

文、模拟试卷及答案、视频材料及脚本等教辅资料.凡使用本教程作为教材的教师,均可登录电

子工业出版社华信教育资源网(www．hxedu．com．cn)注册下载,或者电话联系０１０Ｇ８８２５４５３１免

费获得.
为方便读者学习,相关视频、试卷及生词短语/专业术语速查表等以二维码的形式给出,扫描

下面二维码即可打开.

本教程自２００４年７月出版第１版以来,受到了高校师生和工程技术人员的普遍认可和欢迎.
这次修订是在前４版的基础上,充分采纳了每位读者的合理化建议,全面更新了技术内容和语言

内容.希望最新版教程更加贴近教学、科研和工程实际.
由于作者水平所限,书中难免有纰漏和欠妥之处.本教程的读者反馈邮箱为rzgwriting＠１６３．

com,欢迎各位读者不吝赐教!
编著者
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使 用 说 明

学生自学建议

正式学习前,建议通读附录.对于没有系统学习过科技英语课程的学生,最好在学习本教程

之前,将附录中的“科技英语语音手册”和“科技英语词汇手册”通读一遍.
全面理解核心学术词汇,准确记忆关键科技术语.面对海量英语词汇,必须要有选择.那些

出现频率高、词义繁多、用法灵活的词汇是突破的重点.在专业英语学习中,有两类重点词汇———
“核心学术词汇”(CoreAcademicWords)和“关键科技术语”(KeyTechnicalTerms).请分别参照

课文词汇表的New Words&Expressions部分和TechnicalTerms部分.
泛读课文内容,聚焦英文表达技巧.在对照参考译文阅读课文的时候,不要仅限于明白

大概意思就行了,要把主要精力集中于“这个中文意思,英文是怎么表达的”.在很多情况

下,英文中有若干种表达方法.通过做笔记、摘抄和总结的办法,就可以不断地积累各种常

用的英文表达技巧.
翻译阅读材料,训练技术信息提取能力.作为将来的工程师,显然要具备从英文技术资料

中提取关键信息的能力.本教程中的阅读材料包含了丰富的技术题材.如果对于某方面内容

特别感兴趣,那么就可以尝试着翻译一下.这也是深入学习词汇、语法和文化的最好方式.
利用单元练习,进行自我测试.本教程中的单元练习,全部来自真实的技术资料,有利于学

生测试自己真实的专业英语水平.

教师授课建议

根据教学实际情况,恰当选择精讲课文及段落.本教程的课文难度分为高、中、低三档,适
用于各类型大学、各种水平学生的专业英语教学.课文的选材,既有高难度的科技专著、学术会

议论文、技术手册,也有中等难度的大学教材、用户手册、技术白皮书,还有比较易懂的综述文

章、科普读物.根据实际情况,教师要选择适合课堂教学的内容,作为精讲课文和精讲段落.其

他课文和段落,可以安排学生课前预习或课后自学,也可以根本不去涉及.
利用英语学专业,通过专业练英语.专业英语课程实践性很强.在课堂上,教师不但要精

讲,更要精练.一段精讲课文,既可以训练学生从中快速、准确提取技术信息的阅读能力,也可

以训练学生撰写摘要、模仿造句、独立作文的能力.这种“阅读”➝“分析”➝“写作”的教学模式,
被证明是非常成功的.

适时适量引入音频、视频,丰富课堂内容,激发学习兴趣.为了提高专业英语听说能力,可
以在课堂教学中引入一定量的音、视频材料,并设法引导学生学会利用网络进行专业英语的听

说读写交流.
强调科技英语阅读写作,提高科技交流职业技能.作为将来的工程师,阅读能力和写作能

􀅰Ⅴ􀅰
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力最为重要.在科技交流中,无论查询资料、进行设计,还是联系业务,都离不开阅读和写作.
有效的科技交流,要求“准确”“快速”,而这种能力不经过专业训练是无法达到的.

扩展阅读建议

科技交流

[１]W．S．法依弗,K．E．阿德金斯．大学科技英语国际交流教程．任治刚,译．北京:电子工

业出版社,２０１５．
[２]CharlesW．Knisely,KarinI．Knisely．EngineeringCommunication．CengageLearnＧ

ing,２０１４．
[３]MichaelAlle．TheCraftofScientificPresentations:CriticalStepstoSucceedand

CriticalErrorstoAvoid(２ndEdition)．Springer,２０１３．

论文写作

[１]JohnM．Swales,ChristineFeak．AcademicWritingforGraduateStudents(３rdEdiＧ
tion)．ELT,２０１２．

[２]R．A．戴,B．盖斯特尔．科技论文写作与发表教程(第８版)．任治刚,译．北京:电子工业

出版社,２０１８．

词汇语法

[１]AlisonPohl,NickBrieger．TechnicalEnglish:VocabularyandGrammar．SummerＧ
townPublishing,２００２．

[２]RobertA．Day,NancySakaduski．ScientificEnglish:AGuideforScientistsandOthＧ
erProfessionals(３rdEdition)．Greenwood,２０１１．

[３]NigelA．Caplan．GrammarChoicesforGraduateandProfessionalWriters．University
ofMichiganPress/ELT,２０１２．

教材选用建议

对于同时开设“电子信息工程专业英语”“通信工程专业英语”的学校,还可以选用«电子通

信专业英语简明教程»(任治刚主编,电子工业出版社,２０１５).该教程篇幅适中、内容简明,并专

门设立“科技英语、学术写作和职场交流”部分.该教程也适合有志留学或深造的学生自修及国

际化IT企业人士阅读.
对于“通信工程专业英语”感兴趣的读者,可以参照«通信工程专业英语教程»(任治刚主编,

电子工业出版社,２０１６).该教程题材广泛、内容实用、练习丰富,并提供“学术英语提要”“科技

论文写作”等内容,可以满足读者在就业、深造或留学时的切实需求.

􀅰Ⅵ􀅰
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　　ReadingMaterials (２０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage１　TheDigitalAge (２０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage２　FlashMemory (２２)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage３　Microcontrollers (２３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Unit２　ElectronicCircuits (２４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson４　OperationalAmplifiers (２５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson５　LowＧpassFilters (３０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson６　AnalogtoDigitalConverters (３７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　Exercises (４２)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　ReadingMaterials (４５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage１　AntiＧaliasingFiltering (４５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage２　SwitchedCapacitorFilters (４６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage３　DigitaltoAnalogConverters (４７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Unit３　ElectronicSystemComponents (４９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson７　SwitchingPowerSupply (５０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson８　ClockSources (５５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson９　Interconnects (６１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　Exercises (６５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　ReadingMaterials (６８)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage１　PrintedCircuitBoardLayoutTechniques (６８)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage２　ChoosingtheRightPowerＧsupplyIC (７０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage３　SpecifyingQuartzCrystals (７２)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Unit４　ElectronicSystems (７５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson１０　TheMobileTelephoneSystem (I) (７６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson１１　TheMobileTelephoneSystem (II) (８０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson１２　ThePersonalComputerSystem (８５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　Exercises (９１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　ReadingMaterials (９３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage１　TheGlobalPositioningSystem (９３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage２　８０２．１１WirelessLAN (９５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage３　TheRFIDSystem (９７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Unit５　ModernDigitalDesign (９９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson１３　ElectronicDesignAutomation (１００)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson１４　FPGAs (１０５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
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Lesson１５　VHDL (１０９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　Exercises (１１４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　ReadingMaterials (１１７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage１　ThePLDEvolution (１１７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage２　VerilogHDL (１１９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage３　SoC (１２１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Unit６　SignalProcessingTechnology (１２４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson１６　DigitalSignalProcessing (１２５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson１７　DigitalSignalProcessors (１３０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson１８　ASPorDSP (１３４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　Exercises (１３８)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　ReadingMaterials (１４２)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage１　TypicalDSPApplications (１４２)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage２　SoftwareRadio (１４４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage３　MedicalImageProcessing (１４６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Unit７　Audio&Voice (１５０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson１９　HighFidelityAudio (１５１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson２０　MP３AudioCompression (１５５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson２１　TheMobileTelephoneSystem(Ⅲ) (１５９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　Exercises (１６３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　ReadingMaterials (１６６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage１　AudioEncoding (１６６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage２　SoundQualityversusDataRate (１６８)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage３　Vocoders (１７０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Unit８　Image&Video (１７３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson２２　DigitalImageFundamentals (１７４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson２３　DigitalCameras (１７７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson２４　TelevisionVideoSignals (１８１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　Exercises (１８３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　ReadingMaterials (１８６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage１　TheJPEGStandard (１８６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage２　VideoCodingSystems (１８８)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage３　DigitalVideoFormats (１９０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Unit９　EmbeddedApplications (１９３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson２５　ChoosingtheRightCore (１９４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson２６　DesignLanguagesforEmbeddedSystems (１９７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson２７　ChoosingaRealＧTimeOperatingSystem (２０１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　Exercises (２０５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　ReadingMaterials (２０７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage１　ARM (２０７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage２　EmbeddedOS (２０９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage３　AndroidTablets (２１１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Unit１０　Instrument& Measurement (２１３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson２８　SignalSources (２１４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
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Lesson２９　Oscilloscopes (２２０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

Lesson３０　LogicAnalyzers (２２４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　Exercises (２２９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　ReadingMaterials (２３２)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage１　UnderstandingWaveforms (２３２)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage２　SignalIntegrity (２３４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

　　　　Passage３　VirtualInstruments (２３６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

课文参考译文 (２３９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１课　超大规模集成电路技术 (２３９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２课　存储器件 (２３９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第３课　微处理器 (２４１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第４课　运算放大器 (２４５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第５课　低通滤波器 (２４６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第６课　模数转换器 (２４８)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第７课　开关电源 (２５０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第８课　时钟信号源 (２５１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第９课　互连部 件 (２５３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１０课　移动电话系统(Ⅰ) (２５４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１１课　移动电话系统(Ⅱ) (２５６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１２课　个人计算机系统 (２５９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１３课　电子设计自动化 (２６１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１４课　现场可编程门阵列 (２６３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１５课　VHDL语言 (２６５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１６课　数字信号处理 (２６７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１７课　数字信号处理器 (２６９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１８课　ASP还是 DSP (２７１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第１９课　高保真音频 (２７２)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２０课　MP３音频压缩 (２７４)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２１课　移动电话系统(Ⅲ) (２７６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２２课　数字图像基础 (２７７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２３课　数码相机 (２７９)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２４课　电视视频信号 (２８１)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２５课　选择合适的微处理器内核 (２８２)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２６课　嵌入式系统设计语言 (２８３)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２７课　选择实时操作系统 (２８６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２８课　信号源 (２８７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第２９课　示波器 (２９０)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
第３０课　逻辑分析仪 (２９２)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

练习参考答案 (２９５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

附录A　科技英语语音手册 (３０７)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

附录B　科技英语词汇手册 (３１５)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺

参考资料 (３３６)􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺􀆺
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Lesson１　VLSITechnology

Oneofthekeyinventionsinthehistoryofelectronics[１],andinfactoneofthemost
importantinventionsoverperiod[２],wasthetransistor．ItwasinventedbyBellLaboratories[３]

in１９４７．Inshort,atransistorisadevicethatconductsavariableamountofelectricitythrough
it,dependingonhow muchelectricityisinputtoit．Inotherwords,itisadigitalswitch．
However,unlikethevacuumtube,itissolidstate．Thismeansthatitdoesn􀆳tchangeits
physicalformasitswitches．Therearenomovingpartsinatransistor．

Theadvantagesofthetransistoroverthevacuumtube[４]wereenormous．Comparedto
theoldtechnology,transistorsweremuchsmaller,faster,andcheapertomanufacture．They
werealsofarmorereliableandused muchlesspower．Thetransistoriswhatstartedthe
evolutionofthemoderncomputerindustryinmotion．[５]

Thetransistorwasoriginallyasingle,discretedevice,whichyoucouldplaceindividually
intoacircuitmuchlikeanyother．Today,somespecialＧpurposetransistorsarestillusedthat
way．Whatallowedthecreationofmodernprocessorswastheinventionoftheintegrated
circuit[６],whichisagroupoftransistorsmanufacturedfromasinglepieceofmaterialand
connectedtogetherinternally,withoutextrawiring．IntegratedcircuitsarealsocalledICsor
chips．

Aspecialmaterialisusedtomaketheseintegratedcircuits．Whilemostmaterialseither
insulatefromelectricalflow(air,glass,wood)orconductelectricityreadily(metals,water),

therearesomethatonlyconductelectricityasmallamount,oronlyundercertainconditions．
Thesearecalledsemiconductors．Themostcommonlyusedsemiconductorisofcoursesilicon．

Bycarefulchemicalcompositionandarrangement,itispossibletocreateaverysmall
transistordirectlyonalayerofsilicon,usingvarioustechnologiestomanipulatethematerial
intothecorrectform．Thesetransistorsaresmall,fastandreliable,anduserelativelylittle
power．Thefirstintegratedcircuitwasinventedin１９５８byTexasInstruments．[７]Itcontained
justsixtransistorsonasinglesemiconductorsurface．

Aftertheinventionoftheintegratedcircuit,ittookverylittletimetorealizethe
tremendousbenefitsofminiaturizingandintegratinglargernumbersoftransistorsintothe
sameintegratedcircuit．Moretransistors(switches)wererequiredinordertoimplementmore
complicatedfunctions．Miniaturizationwasthekeytointegratingtogetherlargenumbersof
transistors whileincreasing hardwarespeed and keeping powerconsumption andspace
requirementsmanageable．

LargeＧscaleintegration(LSI)cametorefertothecreationofintegratedcircuitsthathad
previouslybeenmadefrom multiplediscretecomponents．Thesedevicestypicallycontained
２
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hundredsoftransistors．EarlycomputersweremadefrommanyofthesesmallerICsconnected
togetheroncircuitboards．

Astime progressed aftertheinvention of LSIintegrated circuits,thetechnology
improvedandchipsbecamesmaller,fasterandcheaper．Buildingonthesuccessofearlier
integrationefforts,engineerslearnedtopackmoreandmorelogicintoasinglecircuit．This
effortbecameknownasverylargeＧscaleintegration (VLSI)．VLSIcircuitscancontain

Figure１．１　Intel４００４

millionsoftransistors．
Originally, the functions performed by a processor were

implementedusingseveraldifferentlogicchips．Intel[８] wasthefirst
companytoincorporatealloftheselogiccomponentsintoasinglechip．
Thiswasthefirstmicroprocessor,the４００４(seeFigure１．１),introduced
byIntelin１９７１．Alloftoday􀆳sprocessorsare (highlyadvanced!)

descendantsofthisoriginal[９]４ＧbitCPU．

NewWords&Expressions

invention[ɪn

ˌ

venʃən]n．发明　　　　　　　manipulate[mə

ˌ

nɪpjuleɪt]vt．处理

device[dɪ

ˌ

vaɪs]n．器件 contain[kən

ˌ

teɪn]vt．包含

conduct[kən

ˌ

dʌkt]vt．传导 surface[

ˌ

sɜːfɪs]n．表面

variable[
ˌ

veəriəbl]adj．可变的 tremendous[trə
ˌ

mendəs]adj．巨大的

amount[ə
ˌ

maʊnt]n．数量 benefit[
ˌ

benɪfɪt]n．益处

vacuum [

ˌ

vækjʊəm]n．真空 miniaturize[

ˌ

mɪnɪətʃə̩raɪz]vt．使微型化

solid[

ˌ

sɒlɪd]adj．固体的 integrate[

ˌ

ɪntɪgreɪt]vt．集成

advantage[əd

ˌ

vɑːntɪdʒ]n．优势 consumption[kən

ˌ

sʌmpʃən]n．消耗

enormous[ɪ

ˌ

nɔːməs]adj．巨大的 requirement[rɪ

ˌ

kwaɪəmənt]n．需求

manufacture[̩mænjʊ

ˌ

fæktʃə]vt．批量生产 manageable[

ˌ

mænɪdʒəbəl]adj．可处理的

reliable[rɪ

ˌ

laɪəbl]adj．可靠的 referto．．．　是指􀆺􀆺

evolution[̩evə

ˌ

luʃən]n．发展;演变 previously[

ˌ

priːviəsli]adv．此前

originally[ə

ˌ

rɪdʒənəli]adv．起初 multiple[

ˌ

mʌltɪpl]adj．多个的

individually[̩ɪndɪ

ˌ

vɪdʒuəli]adv．分别地 progress[prə

ˌ

ɡres]n．进步

internally[ɪn

ˌ

tɜːnəli]adv．内部地 implement[

ˌ

ɪmplɪmənt]vt．实现

composition[̩kɒmpə

ˌ

zɪʃən]n．合成 incorporate[ɪn

ˌ

kɔːpəreɪt]vt．合并

arrangement[ə

ˌ

reɪndʒmənt]n．排列 introduce[̩ɪntrə

ˌ

djuːs]vt．推出

directly[daɪ

ˌ

rektli]adv．直接地 advanced[əd

ˌ

vænst]adj．先进的

layer[

ˌ

leɪə]n．层 descendant[dɪ

ˌ

sendənt]n．后代

various[

ˌ

veəriəs]adj．多种不同的 original[ə

ˌ

rɪdʒənəl]adj．最初的

３
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TechnicalTerms

electronics[̩ɪlek

ˌ

trɒnɪks]n．电子学

transistor[træn

ˌ

sɪstə]n．晶体管

electricity[̩ɪlek

ˌ

trɪsəti]n．电

digital[

ˌ

dɪdʒɪtəl]adj．数字的

switch[swɪtʃ]n．开关

power[

ˌ

paʊə]n．功率

discrete[dɪs

ˌ

kriːt]adj．分立的

circuit[

ˌ

sɜːkɪt]n．电路

chip[tʃɪp]n．芯片

insulate[

ˌ

ɪnsjuleɪt]vt．绝缘

semiconductor[̩semɪkən

ˌ

dʌktə]n．半导体

silicon[

ˌ

sɪlɪkən]n．硅

miniaturization[

ˌ

mɪnɪətʃə̩raɪ

ˌ

zeɪʃən]n．缩微化

component[kəm

ˌ

pəʊnənt]n．元器件;组件;部件

logic[

ˌ

lɒdʒɪk]n．逻辑

microprocessor[maɪkrəʊ

ˌ

prəʊsesə]n．微处理器

solidstate　固态

powerconsumption　功耗

circuitboard　电路板

ICabbr．integratedcircuit　集成电路

LSIabbr．largeＧscaleintegration　大规模集成

VLSIabbr．verylargeＧscaleintegration　超大规模集成

CPUabbr．centralprocessingunit　中央处理器

Notes
１．electronics可译作“电子学”“电子技术”或“电子线路”“电子设备”.例如,“镉是电子工

业有毒废物”(Cadmiumisatoxicwasteproductofelectronicsindustry).后缀Ｇcs表示

“学术”,如“美学”(aesthetics)、“伦理学”(ethics)、“经济学”(economics).

２．period可指“一段时间”,如“在四天之内”(overaperiodoffourdays)“此项研究为期六

个月”(ThestudywillbecarriedoutoverasixＧmonthperiod).介词over可表示时间

或空间的跨越,如“此图展示了过去２０年来 Y 随 X 变化的情况”(Thisfigureshows
howYvariedinrelationshipwithXoverthelast２０years).

３．BellLaboratories(又称BellLabs)是贝尔实验室(www．bellＧlabs．com),总部位于美国新

泽西州的默里山(MurrayHill,NewJersey).１９４７年１２月２３日,该实验室的 Bill
Shockley、WalterBrattain和JohnBardee发明了晶体管.

４
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４．TheadvantagesofYoverX结构表示“Y相对于 X的优势”.advantage常见搭配有a
big/great/majoradvantage、themainadvantage、haveanadvantage和theadvantageof
sth．.

５．此句为强调结构,使用 what表语从句强调主语(thetransistor).

６．此句为强调结构,使用what主语从句强调表语(theinventionoftheintegratedcircuit).

７．TexasInstruments是指德州仪器公司(www．ti．com),总部位于美国得克萨斯州的达拉

斯(Dallas,Texas).１９５８年,该公司的JackKilby发明了第一片集成电路.

８．Intel是指英特尔公司(www．intel．com),其总部位于美国加利福尼亚州的圣克拉拉

(SantaClara,California).１９６８年,RobertNoyce和 GordonMoore创建英特尔公司.

９．original源自origin(起点),意为“最初的”,如“原计划”(originalplan)、“原始特征”
(originalfeatures)、“将讨论返回到开始的话题”(steerthediscussiontotheoriginal
topic).

Lesson２　MemoryDevices

Memoriescan be madein mechanical,magnetic,optical,biologicalandelectronic
technologies．Examplesof magnetic memoriesaretapes,floppydisks,harddrivesand
ferroelectric[１] RAMs．Examples of optical memories are CDＧROMs,rewrittable CDs．
Electronicmemoryisusedextensivelyincomputerequipmentsinceitisthefastestavailable．
AllelectronicmemorytodaycanbeinseparateICformat,moduleformat,orcanbepartofan
ICasamacroＧfunctionorcell．Table１．１isanoverviewofsomeelectronicmemories．

Table１．１　OverviewofCommonElectronicMemoryDevices

Type Properties Writtable NonＧvolatile Speed Cost

FlipＧflop
OneＧbitregister．

Usedasbasicbuildingblocksindigitalcircuits．
Yes No Ultrafast Veryhigh

Register
SetofflipＧflopsholdingabyte,wordorlongword．

UsedincomplexchipssuchasCPUs．
Yes No Ultrafast Veryhigh

SRAM
ArrayofflipＧflopsthatisaddressable．

Usedfortemporarystorageofdataorcache[２]．
Yes No Veryfast High

DRAM
Arrayofstoragecellswhichisaddressable．

Usedformaincomputingdatastorage．
Yes No Fast Moderate

ROM
ArrayofhardＧwiredcellsthatisaddressable．

Programmingdoneattimeofchipmanufacture．
No Yes Veryfast Low

EEPROM
ElectricallyerasableprogrammableROM．

Numberofwritecyclesislimited．
Yes Yes Low High

FlipＧflop
AflipＧflopisbasicallyabiＧstatecircuitinwhicheithera０or１statecanresides．Because

ofitssimplicity,theflipＧflopisextremelyfast．Asabasicelement,theflipＧflopisusedin
５



电子
工业

出版
社有

限公
司 

版权
所有

     
 盗版

必究

digitalcircuitsandICs．AflipＧflopwillloseitsstatewhenthesupplyvoltageisremoved．
Therefore,itisvolatile．

Register
AregisterisasetofflipＧflopsinparallel．Typicallyaregisteris８,１６,３２or６４bitswide．

Oftenaregisterisusedtoholddata,addresspointers,etc．Aregisterisvolatileandveryfast
justliketheflipＧflop．

SRAM (staticrandomaccessmemory)
AnSRAMisanarrayofaddressableflipＧflops．Thearraycanbeconfiguredassuchthat

thedatacomesoutin１Ｇbit,４Ｇbit,８Ｇbit,andetc．SRAMissimple,fastandvolatilejustlike
theflipＧflop,itsbasicmemorycell．SRAMcanbefoundonmicrocontrollerboards(eitheron
orofftheCPUchip),wheretheamountofmemoryrequiredissmallanditwillnotpayoffto
buildtheextrainterfacecircuitryforDRAMs．Inaddition,SRAMisoftenusedascache
becauseofitshighspeed．

SRAMcomesinmanyspeedclasses,rangingfromseveralnsforcacheapplicationsto
２００nsforlowpowerapplications．SRAMexistsinbothbipolarandMOStechnology．CMOS[３]

technologyboaststhehighestdensityandthelowestpowerconsumption．Fastcachememory
canbeconstructedinBiCMOStechnology,ahybridtechnologythatusesbipolartransistors
forextradrive．ThefastestSRAM memoriesareavailableinemittercoupledlogic(ECL)

bipolartechnology．Becauseofthehighpowerconsumption,thememorysizeislimitedinthis
technology．

AspecialcaseofSRAM memoryiscontentaddressable memory (CAM)[４]．Inthis
technology,thememoryconsistsofanarrayofflipＧflops,inwhicheachrowisconnectedtoa
datacomparator．Thememoryisaddressedbypresenting[５]datatoit(notanaddress!)．All
comparatorswillthenchecksimultaneously[６]iftheircorrespondingRAMregisterholdsthe
samedata．TheCAMwillrespondwiththeaddressoftherow(register)correspondingtothe
originaldata．Themainapplicationforthistechnologyisfastlookuptables．Theseareoften
usedinnetworkrouters．

DRAM (dynamicrandomaccessmemory)
Theword “dynamic”indicatesthatthedataisnotheldinaflipＧflopbutratherina

storagecell．Thedatainastoragecellmustberefreshed(readoutandreＧwritten)regularly
becauseofleakage．Therefreshtimeintervalisusually４to６４ ms．Thestoragecellonly
requiresonecapacitorandonetransistor,whereas[７]aflipＧflopconnectedinanarrayrequires
６transistors．Intrenchcapacitormemorytechnology,whichisusedinallmodernDRAMs,

thetransistorisconstructedabovethecapacitorsothatthespaceonchipisultimately
minimized．Forthisreason,DRAM technology hasalowercostperbitthan SRAM
technology．Thedisadvantageoftheextracircuitryrequiredforrefreshingiseasilyoffsetby
thelowerpriceperbitwhenusinglargememorysizes．
６
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DRAM memoryis,justlikeSRAM memoryconstructedasanarrayofmemorycells．A
majordifferencebetweenSRAMandDRAM,however,liesintheaddressingtechnique．With
anSRAM,anaddressneedstobepresentedandthechipwillrespondwithpresentingthedata
ofthememorycellattheoutput,oracceptingthedataattheinputandwriteitintothe
addressedcell．WithDRAMtechnology,thissimpleapproachisimpossiblesinceaddressinga
rowofdatawithoutrewritingitwilldestructalldataintherow becauseofthedynamic
nature．

ROM (readonlymemory)
ROMsarealsocalled mask[８]ＧROMsormaskprogrammedROMs．Thisisbecausea

ROMneedstobeprogrammedbysettingitscellstoeither０or１atthetimeofmanufacture．
Usuallythe０or１isformedbythepresenceorabsenceofanaluminumline．Thisaluminum
patternisdefinedbyalithographic maskusedinoneofthelaststepsof manufacture．
ThereforethesedevicesareoftencalledmaskＧROMs．

TheadvantageofROMisthatitcanbemanufacturedatthelowestpriceinhighvolumes．
Anotheradvantageinsomeapplicationsisthatitisimpossibletoalterthedataoncethechips
aremade,andthatnofurtherprogrammingandtestingarerequired．Ontheotherhand,ifthe
dataorcodemustbechangedthiscanbeasmalldisaster．Therestofthechipswillendinthe
dustbinandnewchipswillhavetobemade．

EEPROM (electricallyerasableprogrammableROM)
Thismeansthatthechipcanbeprogrammedlikean EPROM,butcanbeerased

electrically．Asaresult,noUVsourceisrequired．EEPROMscanbeerasedonabyteＧbyＧbyte
basis．

NewWords&Expressions
mechanical[mɪ

ˌ

kænɪkəl]adj．机械的　　　simultaneously[saɪməl

ˌ

teɪniəsli]adv．同时地

extensively[ɪk

ˌ

stensɪvli]adv．大量地;广泛地 corresponding[̩kɒrɪ

ˌ

spɒndɪŋ]adj．相应的

available[ə

ˌ

veɪləbl]adj．可获得的;可用的 respond[rɪ

ˌ

spɒnd]vi．响应

format[

ˌ

fɔːmæt]n．格式 original[ə

ˌ

rɪdʒənəl]adj．最初的

module[

ˌ

mɒdʒul]n．模块;功能块 dynamic[daɪ

ˌ

næmɪk]adj．动态的

property[

ˌ

prɒpəti]n．特性 indicate[

ˌ

ɪndɪkeɪt]vt．标明

volatile[

ˌ

vɒlətaɪl]adj．易失的 regularly[

ˌ

reɡjələli]adv．定期地

array[ə

ˌ

reɪ]n．阵列 whereas[weə

ˌ

æz]conj．然而

temporary[

ˌ

tempərəri]adj．临时的 ultimately[

ˌ

ʌltɪmətli]adv．最终

moderate[

ˌ

mɒdərət]adj．中等的 minimize[

ˌ

mɪnɪmaɪz]vt．减至最低

simplicity[sɪm

ˌ

plɪsəti]n．简易性 disadvantage[̩dɪsəd

ˌ

væntɪdʒ]n．缺点;劣势

parallel[

ˌ

pærəlel]adj．并行的 offset[

ˌ

ɒf̩set]vt．抵消;弥补

static[

ˌ

stætɪk]adj．静态的 major[

ˌ

meɪdʒə]adj．主要的;重要的

７
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random [

ˌ

rændəm]adj．随机的 technique[tek

ˌ

niːk]n．技术

access[

ˌ

ækses]n．访问 approach[ə

ˌ

prəʊtʃ]n．方法

configure[kən

ˌ

fɪɡə]vt．配置 presence[

ˌ

prezəns]n．存在;出现

rangingfrom ．．．to．．．从􀆺􀆺变化到􀆺􀆺 absence[

ˌ

æbsəns]n．不存在;缺乏

hybrid[

ˌ

haɪbrɪd]adj．混合的 aluminium [̩æljuː

ˌ

mɪnjəm]n．铝

consistof．．．　由􀆺􀆺组成 ona．．．basis　按照􀆺􀆺方式

TechnicalTerms
memory[

ˌ

meməri]n．存储器

magnetic[mæɡ

ˌ

netɪk]adj．有磁性的

optical[

ˌ

ɒptɪkəl]adj．光学的

ferroelectric[̩ferəʊɪ

ˌ

lektrɪk]adj．铁电的

register[

ˌ

redʒɪstə]n．寄存器

cache[kæʃ]n．高速缓存

erasable[ɪ

ˌ

reɪzəbl]adj．可擦除的

programmable[

ˌ

prəʊɡræməbl]adj．可编程的

microcontroller[maɪkrəkən̍trəʊlə]n．微控器

interface[

ˌ

ɪntə̩feɪs]n．接口

circuitry[

ˌ

sɜːkɪtri]n．电路

bipolar[baɪ
ˌ

pəʊlə]adj．双极性的

density[

ˌ

densəti]n．密度

drive[draɪv]n．驱动器

comparator[kəm

ˌ

pærətə]n．比较器

router[

ˌ

ruːtə]n．路由器

refresh[rɪ

ˌ

freʃ]vt．刷新

leakage[

ˌ

liːkɪdʒ]n．泄漏

interval[

ˌ

ɪntəvəl]n．间歇

capacitor[kə

ˌ

pæsɪtə]n．电容器

lithographic[̩lɪθə

ˌ

ɡræfɪk]adj．平版印刷的

source[sɔːs]n．信号源

flipflop　触发器

digitalcircuit　数字电路

addresspointer　地址指针

lookuptable　查找表

networkrouter　网络路由器

trenchcapacitor　沟道式电容器

SRAMabbr．staticrandomaccessmemory　静态随机存取存储器

DRAMabbr．dynamicrandomaccessmemory　动态随机存取存储器

CMOSabbr．complementarymetaloxidesemiconductor　互补金属氧化物半导体
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ECLabbr．emittercoupledlogic　射极耦合逻辑

CAM [kæm]abbr．contentaddressablememory　内容寻址存储器

EEPROM [

ˌ

iːprɒm]abbr．electricallyerasableProgrammableROM　电可擦除可编程只

读存储器

UVabbr．ultraviolet　紫外线

Notes
１．“铁电”(ferroelectric)现象是指:当在某些材料上施加超过特定强度的电场时,该材料就

在一个方向上极化或改变原来的极化方向.只要不受干扰,这种极化状态就一直保持

下去.

２．“高速缓存”(cache)用于存储频繁使用的或近期使用的数据,从而提高数据存取速度.
高速缓存分为两类:处理器中的内部缓存(内存缓存)和主板上的外部缓存(磁盘缓存).

３．CMOS集成电路的输出由一个 N 型 MOSFET和一个P型 MOSFET串联而成.因为

N型 MOSFET 和 P型 MOSFET 相互补偿,所以使用“互补”(compementary)来说

明它.

４．“内容寻址存储器”(CAM)用于实现高速查找表,其容量要明显小于DRAM 或SRAM.

５．作动词时,present意为“展示”“呈现”.作形容词时,present意为“出现的”“存在的”;其
名词形式为presence.absent是present的反义词,其名词形式为absence.

６．simultaneously 源 自 形 容 词 simultaneous. 以Ｇaneous 结 尾 的 常 用 形 容 词 还 有

spontaneous(“自发的”)和instantaneous(“立即的”).例如,“这种液体自发燃烧”(The
liquidspontaneouslyignited)“立即反应”(aninstantaneousresponse/reply/reaction).

７．whereas用来连接对比句,可译作“而􀆺􀆺”.例如,“旧方法很复杂,而新方法很简单”
(Theoldsystemwascomplicated,whereasthenewsystemisverysimple).

８．mask可译作“掩模”“掩码”或“掩蔽”.此处是指芯片制造过程中的掩模.

Lesson３　Microprocessors

A microprocessorisacompletecomputationenginethatisfabricatedonasinglechip．[１]

ThefirstmicroprocessorwastheIntel４００４,introducedin１９７１．The４００４ wasnotvery
powerful—allitcoulddowasaddandsubtract,anditcouldonlydothat４bitsatatime．But
it wasamazingthateverything wasononechip．Prior[２]tothe４００４,engineersbuilt
computerseitherfromcollectionsofchipsorfromdiscretecomponents．The４００４poweredone
ofthefirstportableelectroniccalculators．

ThefirstmicroprocessortomakeitintoahomecomputerwastheIntel８０８０,acomplete
８Ｇbitcomputerononechip,introducedin１９７４．Thefirstmicroprocessortomakearealsplash
inthemarketwastheIntel８０８８,introducedin１９７９andincorporatedintotheIBMPC．The
PCmarketmovedfromthe８０８８tothe８０２８６tothe８０３８６tothe８０４８６tothePentiumtothe
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Pentium ⅡtothePentium ⅢtothePentium４．Allofthesemicroprocessorsaremadeby
Intelandallofthemareimprovementsonthebasicdesignofthe８０８８．ThePentium４can
executeanypieceofcodethatranontheoriginal８０８８,butitdoesitabout５,０００timesfaster!

Table１．２showsthedifferencesbetweenthedifferentprocessorsthatIntelhasintroducedover
theyears．

Table１．２　Intelx８６microprocessors

Name Date Transistors Microns[３] Clockspeed Datawidth[４] MIPS[５]

８０８０ １９７４ 　　６,０００ ６　 ２MHz ８bit ０．６４

８０８８ １９７９ ２９,０００ ３ ５MHz １６bit/８Ｇbitbus ０．３３

８０２８６ １９８２ １３４,０００ １．５ ６MHz １６bit １

８０３８６ １９８５ ２７５,０００ １．５ １６MHz ３２bit ５

８０４８６ １９８９ １,２００,０００ １ ２５MHz ３２bit ２０

Pentium １９９３ ３,１００,０００ ０．８ ６０MHz ３２bit/６４Ｇbitbus １００

Pentium Ⅱ １９９７ ７,５００,０００ ０．３５ ２３３MHz ３２bit/６４Ｇbitbus ~３００

Pentium Ⅲ １９９９ ９,５００,０００ ０．２５ ４５０MHz ３２bit/６４Ｇbitbus ~５１０

Pentium４ ２０００ ４２,０００,０００ ０．１８ １．５GHz ３２bit/６４Ｇbitbus ~１,７００

Pentium４“Prescott” ２００４ １２５,０００,０００ ０．０９ ３．６GHz ３２bit/６４Ｇbitbus ~７,０００

Fromthistableyoucanseethat,ingeneral,thereisarelationshipbetweenclockspeed
andMIPS．Themaximumclockspeedisafunction[６]ofthemanufacturingprocessanddelays
withinthechip．ThereisalsoarelationshipbetweenthenumberoftransistorsandMIPS．For
example,the８０８８clockedat５MHzbutonlyexecutedat０．３３MIPS(aboutoneinstruction
per１５clockcycles)．Modernprocessorscanoftenexecuteatarateoftwoinstructionsper
clockcycle．Thatimprovementisdirectlyrelatedtothenumberoftransistorsonthechip．

InsideaMicroprocessor
A microprocessorexecutesacollectionofmachineinstructionsthattelltheprocessor

whattodo．Basedontheinstructions,amicroprocessordoesthreebasicthings:
● UsingitsALU (Arithmetic/LogicUnit),amicroprocessorcanperform mathematical
operations like addition, subtraction, multiplication and division． Modern
microprocessorscontaincompletefloatingpointprocessorsthatcanperformextremely
sophisticatedoperationsonlargefloatingpointnumbers．

● A microprocessorcanmovedatafromonememorylocationtoanother．
● A microprocessorcanmakedecisionsandjumptoanewsetofinstructionsbasedon
thosedecisions．

Theremaybeverysophisticatedthingsthatamicroprocessordoes,butthoseareitsthree
basicactivities．Figure１．２showsanextremelysimplemicroprocessorcapableofdoing[７]those
threethings．Thismicroprocessorhasanaddressbusthatsendsanaddresstomemory,adata
busthatcansenddatato memoryorreceivedatafrom memory,anRD (read)and WR
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(write)linetotellthememorywhetheritwantstosetorgettheaddressedlocation,aclock
linethatletsaclockpulsesequencetheprocessorandareset[８]linethatresetstheprogram
countertozero(orwhatever)andrestartsexecution．Andlet􀆳sassumethatboththeaddress
anddatabusesare８bitswidehere．

Figure１．２　Asimplemicroprocessor

Herearethecomponentsofthissimplemicroprocessor:
● RegistersA,BandCaresimplylatchesmadeoutofflipＧflops．
● TheaddresslatchisjustlikeregistersA,BandC．
● Theprogramcounterisalatchwiththeextraabilitytoincrementby１whentoldtodo
so,andalsotoresettozerowhentoldtodoso．

● TheALUcouldbeassimpleasan８Ｇbitadder,oritmightbeabletoadd,subtract,

multiplyanddivide８Ｇbitvalues．Let􀆳sassumethelatterhere．
● Thetestregisterisaspeciallatchthatcanholdvaluesfromcomparisonsperformedin
theALU．An ALUcannormallycomparetwonumbersanddetermineiftheyare
equal,ifoneisgreaterthantheother,etc．Thetestregistercanalsonormallyholda
carrybitfromthelaststageoftheadder．ItstoresthesevaluesinflipＧflopsandthenthe
instructiondecodercanusethevaluestomakedecisions．

● Therearesixboxesmarked“３ＧState”inthediagram．ThesearetriＧstatebuffers[９]．A
triＧstatebuffercanpassa１,a０oritcanessentiallydisconnectitsoutput．AtriＧstate
bufferallowsmultipleoutputstoconnecttoawire,butonlyoneofthemtoactually
drivea１ora０ontotheline．

● Theinstructionregisterandinstructiondecoderareresponsibleforcontrollingallofthe
othercomponents．

Althoughtheyarenotshowninthisdiagram,therewouldbecontrollinesfromthe
１１
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instructiondecoderthatwould:

１．TelltheAregistertolatchthevaluecurrentlyonthedatabus
２．TelltheBregistertolatchthevaluecurrentlyonthedatabus
３．TelltheCregistertolatchthevaluecurrentlyonthedatabus
４．Telltheprogramcounterregistertolatchthevaluecurrentlyonthedatabus
５．Telltheaddressregistertolatchthevaluecurrentlyonthedatabus
６．Telltheinstructionregistertolatchthevaluecurrentlyonthedatabus
７．Telltheprogramcountertoincrement
８．Telltheprogramcountertoresettozero
９．ActivateanyofthesixtriＧstatebuffers(sixseparatelines)

１０．TelltheALUwhatoperationtoperform
１１．TellthetestregistertolatchtheALU􀆳stestbits
１２．ActivatetheRDline
１３．ActivatetheWRline
Comingintotheinstructiondecoderarethebitsfromthetestregisterandtheclockline,

aswellasthebitsfromtheinstructionregister．

RAMandROM
Theaddressanddatabuses,aswellastheRDandWRlinesconnecteithertoRAMor

ROM —generallyboth．Inoursamplemicroprocessor,wehaveanaddressbus８bitswide
andadatabus８bitswide．Thatmeansthatthemicroprocessorcanaddress(２８)２５６bytesof
memory,anditcanreadorwrite８bitsofthememoryatatime．Let􀆳sassumethatthissimple
microprocessorhas１２８bytesofROMstartingataddress０and１２８bytesofRAMstartingat
address１２８．

ROM standsforreadＧonly memory．A ROM chipisprogrammed withapermanent
collectionofpreＧsetbytes．TheaddressbustellstheROMchipwhichbytetogetandplaceon
thedatabus．WhentheRDlinechangesstate,theROMchippresentstheselectedbyteonto
thedatabus．

RAMstandsforrandomＧaccessmemory．RAMcontainsbytesofinformation,andthe
microprocessorcanreadorwritetothosebytesdependingonwhethertheRDor WRline
issignaled．Oneproblemwithtoday􀆳sRAMchipsisthattheyforgeteverythingoncethepower
goesoff．ThatiswhythecomputerneedsROM．

Bytheway,nearlyallcomputerscontainsomeamountofROM (itispossibletocreatea
simplecomputerthatcontainsnoRAM — manymicrocontrollersdothisbyplacingahandful
ofRAM bytesontheprocessorchipitself — butgenerallyimpossibletocreateonethat
containsnoROM)．OnaPC,theROMiscalledtheBIOS(basicinput/outputsystem)．When
themicroprocessorstarts,itbeginsexecutinginstructionsitfindsintheBIOS．TheBIOS
instructionsdothingsliketestthehardwareinthemachine,andthenitgoestotheharddisk
tofetchthebootsector．Thisbootsectorisanothersmallprogram,andtheBIOSstoresitin
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RAMafterreadingitoffthedisk．Themicroprocessorthenbeginsexecutingthebootsector􀆳s
instructionsfrom RAM．Thebootsectorprogram willtellthe microprocessortofetch
somethingelsefromtheharddiskintoRAM,whichthemicroprocessorthenexecutes,andso
on．Thisishowthemicroprocessorloadsandexecutestheentireoperatingsystem．

MicroprocessorInstructions
Eventheincrediblysimple microprocessorshownherewillhaveafairlylargesetof

instructionsthatitcanperform．Thecollectionofinstructionsisimplementedasbitpatterns,

eachoneofwhichhasadifferentmeaningwhenloadedintotheinstructionregister．Humans
arenotparticularlygoodatrememberingbitpatterns,soasetofshortwordsaredefinedto
representthedifferentbitpatterns．Thiscollectionofwordsiscalledtheassemblylanguageof
theprocessor．Anassemblercantranslatethewordsintotheirbitpatternsveryeasily,and
thentheoutputoftheassemblerisplacedinmemoryforthemicroprocessortoexecute．Ifyou
useClanguageprogramming,aCcompilerwilltranslatestheCcodeintoassemblylanguage．

Sonowthequestionis,“HowdoalloftheseinstructionslookinROM?”Eachofthese
assemblylanguageinstructionsmustberepresentedbyabinarynumber．Thesenumbersare
knownasopcodes．Theinstructiondecoderneedstoturneachoftheopcodesintoasetof
signalsthatdrivethedifferentcomponentsinsidethemicroprocessor．Let􀆳staketheADD
instructionasanexampleandlookatwhatitneedstodo:

１．Duringthefirstclockcycle,weneedtoactuallyloadtheinstruction．Thereforethe
instructiondecoderneedsto:

１)activatethetriＧstatebufferfortheprogramcounter
２)activatetheRDline
３)activatethedataＧintriＧstatebuffer
４)latchtheinstructionintotheinstructionregister

２．Duringthesecondclockcycle,theADDinstructionisdecoded．Itneedstodovery
little:

１)settheoperationoftheALUtoaddition
２)latchtheoutputoftheALUintotheCregister

３．Duringthethirdclockcycle,theprogramcounterisincremented(intheorythiscould
beoverlappedintothesecondclockcycle)．

Everyinstructioncanbebrokendownasasetofsequencedoperationslikethesethat
manipulatethecomponentsofthemicroprocessorintheproperorder．Someinstructions,like
thisADDinstruction,mighttaketwoorthreeclockcycles．Othersmighttakefiveorsixclock
cycles．

MicroprocessorPerformance
Thenumberoftransistorsavailablehasahugeeffectontheperformanceofaprocessor．

Asseenearlier,atypicalinstructioninaprocessorlikean８０８８took１５clockcyclesto
３１
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execute．Becauseofthedesignofthemultiplier,ittookapproximately８０cyclesjusttodoone
１６Ｇbitmultiplicationonthe８０８８．With moretransistors,much morepowerfulmultipliers
capableofsingleＧcyclespeedsbecomepossible．

Moretransistorsalsoallowforatechnologycalledpipelining．Inapipelinedarchitecture,

instructionexecutionoverlaps．Soeventhoughitmighttakefiveclockcyclestoexecuteeach
instruction,therecanbefiveinstructionsinvariousstagesofexecutionsimultaneously．That
wayitlookslikeoneinstructioncompleteseveryclockcycle．

Manymodernprocessorshavemultipleinstructiondecoders,eachwithitsownpipeline．
Thisallowsformultipleinstructionstreams,whichmeansthatmorethanoneinstructioncan
completeduringeachclockcycle．Thistechniquecanbequitecomplextoimplement,soit
takeslotsoftransistors．

Thetrendinprocessordesignhasbeentowardfull３２ＧbitALUswithfastfloatingpoint
processorsbuiltinandpipelinedexecutionwithmultipleinstructionstreams．Therehasalso
beenatendencytowardspecialinstructionsthatmakecertainoperationsparticularlyefficient．
TherehasalsobeentheadditionofhardwarevirtualmemorysupportandL１cachingonthe
processorchip．Allofthesetrendspushupthetransistorcount,leadingtothemultiＧmillion
transistorpowerhousesavailabletoday．Theseprocessorscan executeaboutone billion
instructionspersecond!

Thenewestthinginprocessordesignis６４ＧbitALUs．SixtyＧfourＧbitprocessorshavebeen
withussince１９９２,andinthe２１stcenturytheyhavestartedtobecomemainstream．BothIntel
andAMDhaveintroduced６４Ｇbitchips．SixtyＧfourＧbitprocessorshave６４ＧbitALUs,６４Ｇbit
registers,６４Ｇbitbusesandsoon．

NewWords&Expressions
computation[̩kɒmpjə

ˌ

teɪʃən]n．计算　　　standfor．．．　代表􀆺􀆺

fabricate[

ˌ

fæbrɪkeɪt]vt．构造 permanent[

ˌ

pəːmənənt]adj．永久的

atatime　一次 implement[

ˌ

ɪmplɪmənt]vt．实现;实施

improvement[ɪm

ˌ

pruːvmənt]n．改进 define[dɪ

ˌ

faɪn]vt．定义

ingeneral　大体上 represent[̩reprɪ

ˌ

zent]vt．代表;表示

relationship[rɪ

ˌ

leɪʃənʃɪp]n．关系;联系 overlap[̩əʊvə

ˌ

læp]vt．重叠

maximum [

ˌ

mæksɪməm]adj．最大的 manipulate[mə

ˌ

nɪpjə̩leɪt]vt．操纵;使用

atarateof．．．　以􀆺􀆺的速率 intheproperorder　按照正确顺序

relatedto．．．　与􀆺􀆺相关 hasahugeeffecton．．．　对􀆺􀆺产生巨大影响

acollectionof．．．　一批􀆺􀆺 performance[pə

ˌ

fɔːməns]n．性能

Basedon．．．,．．．　依据􀆺􀆺,􀆺􀆺 Asseenearlier,．．．　如前所见,􀆺􀆺

sophisticated[sə

ˌ

fɪstɪ̩keɪtɪd]adj．复杂巧妙的 approximately[ə

ˌ

prɒksɪmətli]adv．大约

assume[ə

ˌ

sjuːm]vt．假定 allowfor．．．　考虑到􀆺􀆺

increment[

ˌ

ɪŋkrɪmənt]n．增量;增加 architecture[

ˌ

ɑːkɪ̩tektʃə]n．体系结构
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comparison[kəm

ˌ

pærɪsən]n．比较;对比 simultaneously[̩saɪməl

ˌ

teɪniəsli]adv．同时地

normally[

ˌ

nɔːməli]adv．通常 trend[trend]n．趋势;动态

diagram [

ˌ

daɪəɡræm]n．示意图 tendency[

ˌ

tendənsi]n．趋向;偏好

essentially[ɪ

ˌ

senʃəli]adv．基本上 efficient[ɪ

ˌ

fɪʃənt]adj．高效的

responsiblefor．．．　负责􀆺􀆺 virtual[

ˌ

vɜːtʃʊəl]adj．虚拟的

currently[

ˌ

kʌrəntli]adv．当前;时下 mainstream [

ˌ

meɪn̩striːm]n．主流

TechnicalTerms
microprocessor[maɪkrəʊ̍prəʊsesə]n．微处理器

execute[

ˌ

eksɪ̩kjuːt]vt．执行

micron[

ˌ

maɪkrɒn]n．微米;１０６米

instruction[ɪn

ˌ

strʌkʃən]n．指令

addition[ə

ˌ

dɪʃən]n．加法

subtraction[səb

ˌ

trækʃən]n．减法

multiplication[̩mʌltəplɪ

ˌ

keɪʃən]n．乘法

division[dɪ

ˌ

vɪʒən]n．除法

pulse[pʌls]n．脉冲

sequence[

ˌ

siːkwəns]n．序列

counter[
ˌ

kaʊntə]n．计数器

decoder[diː
ˌ

kəʊdə]n．译码器

buffer[

ˌ

bʌfə]n．缓存器

activate[

ˌ

æktɪveɪt]vt．激活

assembler[ə

ˌ

semblə]n．汇编器

compiler[kəm

ˌ

paɪlə]n．编译器

multiplier[

ˌ

mʌltɪ̩plaɪə]n．乘法器

pipelining[

ˌ

paɪp̩laɪnɪŋ]n．流水线技术

discretecomponent　分立元件

machineinstruction　机器指令

floatingpointprocessor　浮点处理器

memorylocation　存储器位置

programcounter　程序计数器

addresslatch　地址锁存器

testregister　测试寄存器

carrybit　进位位

instructiondecoder　地址译码器

bootsector　引导扇区

operatingsystem　操作系统

bitpattern　比特模式;位模式
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assemblylanguage　汇编语言

binarynumber　二进制数

clockcycle　时钟周期

virtualmemory　虚拟内存

MIPS[mɪps]abbr．millioninstructionspersecond　每秒百万条指令数

ALUabbr．arithmetic/logicunit　算术逻辑单元

ROM [rɒm]abbr．readＧonlymemory　只读存储器

RAM [ræm]abbr．randomaccessmemory　随机存取存储器

BIOS[

ˌ

baɪɒs]abbr．basicinput/outputsystem　基本输入/输出系统

opcode[

ˌ

ɒpkəʊd]abbr．operationcode　操作码

Notes
１．此句涉及如何进行术语定义.正式定义采用完整句子形式给出该术语的名称、类属和

特征.正式定义可分为四种类型:(１)“组成型”(Aresistorisadevicethatiscomposed
ofahighlyresistivematerialdesignedtohaveadefiniteamountofresistance．);
(２)“类比型”(Aresistorisadevicethatabsorbselectricenergyvery muchlikea
dampingdeviceusedindooropenertoabsorbmechanicalenergyorincarsforshock
absorption ．);(３)“对比型”(Aresistorisadeviceusedfordissipatingenergy,unlike
acapacitorthatisusedforstoringelectricenergy．);(４)“功能型”(Aresistorisa
deviceusedincircuitstolimitandcreateoppositiontocurrentfloworprovidevoltage
drop．).除“正式定义”外,还有“非正式定义”(在括号中以单词或短语的形式给出该术

语的近义词等最简信息)和“扩展定义”(在正式定义的基础上扩充几段有关历史背景、
应用领域、组成部件、图形描述、基本原理、实例展示或术语比照等方面的内容).简单

术语仅需“非正式定义”,复杂术语则要进行“正式定义”或“扩展定义”.

２．prior可表示时间上“更早的”或作用上“更重要的”,如“预先通知”(priornotice)、“事先

安排”(priorarrangement)、“事先书面许可”(priorwrittenconsent)等.短语priorto
sth．表示在某个时间之前或者在某个事件之前.此句可译为“在４００４出现之前,工程师

要用一组芯片或一组分立部件构建计算机”.

３．“微米”(micron)用于度量芯片内最小线宽.其值越小,芯片内集成的晶体管就越多.

４．“数据宽度”(datawidth),这里是指 ALU 字长.一般而言,外部数据总线宽度和 ALU
数据宽度相同.但是,也存在例外情况.例如,８０８８ALU 为１６bit,其外部数据总线为

８bit.又如,PentiumALU为３２bit,其外部数据总线为６４bit.

５．“每秒百万条指令数”(MIPS)是表征微处理器性能的指标之一.鉴于现代微处理器的种

类繁多、结构各异,MIPS指标能反映出来的信息是粗略的.

６．在数学中,function表示“函数”,如“三角函数”(trigonometricfunction)等.Yisa
functionofX可译作“Y是X的函数”,在这里可译作“Y取决于X”.

７．becapableof(doing)sth．用于表示人、机构或器物的能力,如“十级风能够掀翻屋顶”(A
forcetenwindiscapableofblowingtheroofsoffhouses．).而beabletodosth．只用
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于表示人的能力,如“她能应对此项工作吗?”(Willshebeabletocopewiththework?).
此外,becapableof(doing)sth．还可以表示“可能性”,(the)capabilitytodosth．则表示

“做􀆺􀆺的能力”.

８．“复位”(reset)是指“使系统状态处于指定的初始值”.

９．“三态缓存器”(triＧstatebuffer)用来控制向总线输出信号.当控制位有效时,输入信号

通过三态缓存器向总线输出;当控制位无效时,三态缓存器输出端呈现高阻状态(记作

Z),即不向总线输出任何信号.

Exercises
１．Fillintheblankswithproperwords,phrasesorclauses．

(１)Themicroprocessoristhecentral (部件)ofthePC． (你做的全部工

作)onyourcomputerisperformeddirectlyor bytheprocessor．Obviously,itisone
ofthemostimportantcomponentsofthePC, (如果不是)themostimportant．Itis
also,scientifically,notonlyoneofthemost (令人惊奇的)partsofthePC,butone
ofthemostamazing (器件)intheworldoftechnology．

Theprocessor (扮演重要的角色)inthefollowingimportant (方面)of
yourcomputersystem．

Performance:Theprocessorisprobablythemostimportantsingle (决定性的因

素)ofsystem performanceinthePC． othercomponentsalsoplayakeyrolein
determining performance,the processor􀆳scapabilities (控 制 )the maximum
performanceofasystem．Theotherdevicesonlyallowtheprocessorto (达到它的全

部潜能)．
SoftwareSupport:Newer,fasterprocessors theuseofthelatestsoftware．

addition,newprocessors thePentiumwithMMXTechnology,enablethe
useofspecializedsoftwarenotusableonearliermachines．

ReliabilityandStability:Thequalityoftheprocessorisonefactorthatdetermines
(系统运行的可靠性)．Whilemostprocessorsarevery (可靠的),someare

not．Thisalsodepends (在某种程度上)ontheageoftheprocessorandhow much
energyit (消耗)．

EnergyConsumptionandCooling:Originallyprocessorsconsumedrelativelylittlepower
compared othersystemdevices．Newerprocessorscanconsume (大量的)

power．Powerconsumptionhasanimpact everythingfromcoolingmethodselection
tooverallsystemreliability．

MotherboardSupport:Theprocessoryoudecidetouseinyoursystemwillbea
(主 要 的)　determiningfactorin whatsortofchipsetyou mustuse,andhence what
motherboardyoubuy．The motherboard (反 过 来)dictates manyfacetsofyour
system􀆳scapabilitiesandperformance．

(２)Flashmemoryisa (固态的)storagedevice— everythingis (电子
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的)．Flashmemoryprovidesa (非易失的),reliable,lowpower,lowcost,
(高密度)storagedeviceforprogrammable (代码和数据), itextremelyuseful
inthe (嵌入式)marketplace．Themostnoticeableattribute theflashpartis
its toretaindatawithouttheneedforpowerorbattery (备份)．

(从开发者的角度看),itmaybeimportanttostoredata itcanbe
retrievedatalatertime,sotheyuseflashmemory．(However,flashmemoryisn􀆳ttheonly
methodtoaccomplishthe (离线的)storageofdata．)

Thedisadvantageofflashmemoryis itisverydifficulttoprogram．Caremust
be whenreadingandwriting, therearespecialprocedureswhichneedtobe
performedinordertogetthedataonthepart． (因为)thecharacteristicsofthepart,

itisimpossibletowriteandthenimmediatelyoverwritedata．Inordertowritenewdatato
flashexistingdatamustbe first．Theeraseprocessmustbedoneusinglargeblocks
ofmemory． justerasingaportionofthepart,youmusteraseentiresections．This
cumbersomeprocessofread/erase/writecangetverycomplicatedwhenthereare (重
复的)writeoperationsbeingperformed．

Anotheraspectofflash memory (必 须 要 考 虑 的)isitslifeexpectancy:

Continuouserasingcan (对􀆺􀆺产生破坏性的影响)aflashpart． (对任一给

定的闪 存),thereisalimit thetotalnumberoferaseoperationsthat maybe
performedonaparticularerasesectorbeforeitbecomesunreliable damaged．

Despitethecomplications,therearemanyadvantagestoflashmemory,sowhydon􀆳twe
justuseflashmemoryforeverything? Thecostpermegabyteforaharddiskischeaper,and
thecapacityismuchgreater．
２．TranslatethefollowingpassagesintoChineseorEnglish．

(１)Manyoftheproductsandservicesin modernsocietyarebasedupontheworkof
electricalengineersandcomputerscientists．Thetremendousreductionoverthelastdecadein
thecostofdigitalelectronicdeviceshasledtoanexplosivegrowthintheuseofcomputersand
computation．Atthesametime,ourincreasedunderstandingofcomputersciencehasmade
possiblethedevelopmentofnewsoftwaresystemsofincreasedpower,sophistication,and
flexibility．

(２)InNovember１９７１,Intelintroducedtheworld􀆳sfirstcommercialmicroprocessor,the
４００４,inventedbythreeIntelengineers．Primitivebytoday􀆳sstandards,itcontainedamere
２,３００transistors and performed about６０,０００ calculationsin a second．Today,the
microprocessoristhemostcomplexmassＧproducedproductever,withmillionsoftransistors
performinghundredsofmillionsofcalculationseachsecond．

(３)Microprocessorsarethebrainsofyourpersonalcomputer．Hereonthistinysilicon
chiparemillionsofswitchesandpathwaysthathelpyourcomputermakeimportantdecisions
andperformhelpfultasks．Andmicroprocessorsdon􀆳tjustthinkforcomputers— youmight
findaprocessorinmanyothereverydayitemslikeyourtelephoneorcar．

(４)Memoryisthecomponentofacomputer(andanembeddedsystem)thatisusedto
８１
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storeandretaininformation．Thereisalwaysaneedtostoreinformationinanembedded
application,sotherewillalwaysbesometypeofmemoryinthedesign．Manytypesof
memoryareavailable,thustherearemanychoicesforembeddedcustomers．

(５)Memorycanbesplitintotwo maincategories:volatileandnonＧvolatile．Volatile
memorylosesitscontentwhenthesystemispoweredoff．MosttypesofRAMfallintothis
category．NonＧvolatilememorydoesnotloseitsdatawhenthesystemordeviceisturnedoff．

(６)现代电子系统数字化程度越来越高,复杂程度也极高.要是没有超大规模芯片技术,
这是无法想象的.现代电子系统太复杂了,其设计原理很像大型软件系统设计.在许多方面,
计算机科学和电子系统设计需要相同的背景知识.而作为一个不断扩展的工程领域,现代电

子系统设计也离不开计算机辅助设计.
(７)芯片是一小片嵌入了集成电路的半导体材料.芯片的典型尺寸不超过１平方英寸,却

能包含几百万只晶体管.芯片类型丰富,例如,CPU芯片包含一个完整的处理单元;而存储芯

片包含空白的存储单元.
(８)微处理器是一片包含CPU的硅片.区分微处理器的基本特征有三个:指令集、带宽

和时钟速度.
(９)“使用闪存、不用硬盘”的原因有几个.闪存的速度更快、没有噪声、重量更轻、尺寸

更小,也不存在可动部件.
(１０)在计算机系统中,存储器是用来运行程序、存储数据的部件.随机存取存储器芯片

构成了主存储器.存储器的可用容量决定了运行程序的大小以及能否一次运行多个程序.主

存储器暂时存储数据.一旦关闭计算机,数据就丢失了.它不同于内部只读存储器、外部存储

器,后者的数据存储时间要长久.只读存储器包含计算机的核心程序.总之,任何以机器可读

方式存储数据的设备都可称为“存储器”.

３．Writingtasks
Summary:WriteanabstractforLesson１VLSITechnology within１５０~２００words．
Composition:Writeanessayaboutsomekindofelectronicdeviceswhichyouarefamiliar

with．
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ReadingMaterials

Passage１　TheDigitalAge

TheBirthofDigitalAge
Duringthemiddleofthe２０thcentury,mathematiciansandengineersdiscoveredaprocess

forconverting mostphysicalquantitiesfoundinthe world (suchassound waves,light
intensity,forces,voltage,current,orcharge)tonumbersordigits．Thisdiscoveryshouldnot
besurprising,sincescientistshadbeenusingmathematicstodescribethephysicalworldfor
centuries．Thisremarkable,yetsimple,discoverywasthemathematicalfoundationthatgave
birthtothedigitalage．Therearemanyadvantagesto “digitizing”analogquantities．For
example:

１．Numbersaremuchlesssensitivetophysicalproblemscausedbythephysicalnatureof
thedeviceusedtostoreormanipulatethem．

２．Numbersareeasiertostorethananequivalentphysical“amount”ofsomething．
３．Numberscanbemovedthroughspace,usingelectronic,optical,oracousticmeans．

StillaLongWaytoGo
Unfortunately,therewasamajorprobleminbuildingnewdigitaldeviceswhentheywere

firstconceived．Engineersjustdidn􀆳thavetherightpartstobuildnewdigitalsystems．Notto
bedeterred,engineersworkingduringthefirsthalfofthe２０thcenturytriedthesmartand
reasonablething:Theyattemptedtousereadilyavailablevacuum tubesasbasicdigital
buildingblocks．Followingthisapproach,in１９４５,engineerssuccessfullyproducedthefirst
digitalcomputer,calledtheENIAC (seeFigure１．３)．Itwasbuiltoutofmorethan１７,０００
vacuumtubes,weighed３０tons,andfilleda３０ＧbyＧ５０Ｇfootroom．Justthinkoftheheat

Figure１．３　Thefirstdigitalcomputer— ENIAC

producedby１７,０００lightＧbulbsallburninginthe
sameroom!

While primitive by today􀆳s standards,the
ENIAC wasa majoradvanceinengineeringand
technology．Neverbeforeinhumanhistorycouldwe
domathsofastandsoaccurately．WhiletheENIAC
openedupnew digitalhorizonsforsociety,these
firstcomputersweresolargeandsoexpensivethat
only governmentsandthelargest ofcompanies
couldeverhopetoownorevenuseone．

TheTransistorReplacedtheVacuumTube
Whatthedigitalageneededwasatrulydigitalcomponentthatcouldreplacethevacuum

tube．Itwouldhavetorunfast,usemuchlesspowerthanthevacuumtube,and,most
０２
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importantly,besmallandinexpensive．Fortunately,in１９４７engineersat AT&T􀆳sBell
Laboratoriesdevelopedthatcomponent,calledthetransistor．Itscreationchangedtheworld
forever．BillShockley,WalterBrattain,andJohnBardeenwontheNobelPrizein１９５６for
theirjointdiscoveryanddevelopmentofthetransistor,which,withinafewdecades,had
completelyreplacedthevacuumtubeinnearlyeverypieceoftechnology．

Now,engineerscouldunleashtheirimaginationstocreatesmaller,portabledevicesthat
couldrunontherelativelysmallamountsofenergycontainedinbatteriesandwereruggedin
normaluse．Forthisreason,manypeoplebelievethatthetransistoristhemostimportant
inventionofthe２０thcentury．Justlookaroundyoutodaytoseethenearlyinfinitearrayof
smallgadgetsandpiecesoftechnologybuiltfromtransistors．

TheIntegratedCircuit(IC)
Asengineersdesigneddevicesformorecomplextasks,suchasinroboticsormedicine,

theresultingsystemsrequiredevermoretransistors．Thispushformoretransistorsmadethe
deviceslargeandhardtowiretogether．Thenextcriticalstepforwardintothedigitalagewas
theabilitytoputmanytransistorsontoasinglesmallpartthatcouldbeusedforthese
increasinglycomplextasks．JackKilbyaccomplishedthisremarkablefeatin１９５８atTexas
Instrumentswhenheinventedtheintegratedcircuit,orIC,asshowninFigure１．４(a)．For
thisdiscovery,Kilby wasawardedthe２０００ NobelPrizeinphysics．Thisgroundbreaking
inventionwascoinedthe “integratedcircuit”becauseitcleverlyintegrated manyparts,

typicallytransistors,intoasinglesmallpackagelikethatshowninFigure１．４(b)．

　Figure１．４(a)　Thefirstintegratedcircuit　　　　　Figure１．４(b)　A modernintegratedcircuit

WiththeinventionoftheIC,engineerswereabletoundertakemorecomplicateddesigns,

becausetheynowhadmoderndigitalpartsthatcoulddosignificantlymorecomplicatedmath
onthenewlydigitizedversionoftherealanalogworld．Interestingly,theintegratedcircuithas
becomesopervasiveindevicesfromcomputerstoantiＧlockbrakesthatitisdifficulttofind
individualtransistorsin moderntechnologytoday — theyarenow allpartofintegrated
circuits．

Questions:
１．Whatadvantagesdoesthedigitaltechnologyhave?

２．WhicharethebuildingblocksofENIAC,vacuumtubesortransistors?

３．Whatdoesthetermgadgetmeaninthisarticle?

１２
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４．Whyisthetransistorregardedasthe２０thcentury􀆳smostimportantinvention?

５．WhatdoestheacronymICstandforinelectronics?

Passage２　FlashMemory

Electronicmemorycomesinavarietyofformstoserveavarietyofpurposes．Flash
memoryisusedforeasyandfastinformationstorageinsuchdevicesasdigitalcamerasand
homevideogameconsoles．Itisused moreasaharddrivethanasRAM．Infact,flash
memoryisconsideredasolidstatestoragedevice．Solidstatemeansthattherearenomoving
parts—everythingiselectronicinsteadofmechanical．Flash memoryisatypeofEEPROM
chip．Ithasagridofcolumnsandrowswithacellthathastwotransistorsateachintersection．
Thetwotransistorsareseparatedfromeachotherbyathinoxidelayer．Oneofthetransistors
isknownasafloatinggate,andtheotheroneisthecontrolgate．Thefloatinggate􀆳sonlylink
totherow,orwordline,isthroughthecontrolgate．Aslongasthislinkisinplace,thecell
hasavalueof１．Tochangethevaluetoa０requiresacuriousprocesscalledFowlerＧNordheim
tunneling．

Tunnelingisusedtoaltertheplacementofelectronsinthefloatinggate．Anelectrical
charge,usually１０to１３volts,isappliedtothefloatinggate．Thechargecomesfromthe
column,orbitline,entersthefloatinggateanddrainstoaground．

ThischargecausesthefloatingＧgatetransistortoactlikeanelectrongun．Theexcited
electronsarepushedthroughandtrappedonothersideofthethinoxidelayer,givingita
negativecharge．Thesenegativelychargedelectronsactasabarrierbetweenthecontrolgate
andthefloatinggate．Aspecialdevicecalledacellsensormonitorsthelevelofthecharge
passingthroughthefloatinggate．Iftheflowthroughthegateisgreaterthan５０percentofthe
charge,ithasavalueof１．Whenthechargepassingthroughdropsbelowthe５０Ｇpercent
threshold,thevaluechangesto０．AblankEEPROMhasallofthegatesfullyopen,giving
eachcellavalueof１．

TheelectronsinthecellsofaFlashＧmemorychipcanbereturnedtonormal(“１”)bythe
applicationofanelectricfield,ahigherＧvoltagecharge．FlashmemoryusesinＧcircuitwiringto
applytheelectricfieldeithertotheentirechiportopredeterminedsectionsknownasblocks．
Thiserasesthetargetedareaofthechip,whichcanthenberewritten．Flashmemoryworks
muchfasterthantraditionalEEPROMsbecauseinsteadoferasingonebyteatatime,iterases
ablockortheentirechip,andthenrewritesit．

Althoughstandardsareflourishing,thereare manyFlashＧmemoryproductsthatare
completelyproprietaryinnature．Butitisgoodtoknowthataselectroniccomponentsbecome
increasinglyinterchangeable and learn to communicate with each other,standardized
removablememorywillallowyoutokeepyourworldcloseathand．

Questions:
１．WhatdoestheauthormeanbysayingItisusedmoreasaharddrivethanasRAM ?

２２
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２．Whatdoesthetermsolidstatedevicereferto?

３．WhichisthenormalstateinaFlashＧmemorychip,“１”or“０”?

４．HowdoesflashmemorymanagetoworkfasterthantraditionalEEPROMs?

５．What􀆳sthedifferencebetweenaflashmemoryandaflashRAM?

Passage３　Microcontrollers

Microcontrollersarespecialpurposecomputers,whichdoonethingwell．Ifacomputer
matchesamajorityofthesecharacteristics,thenyoucancallitamicrocontroller:

● Microcontrollersare“embedded”insidesomeotherdevice(oftenaconsumerproduct)
sothattheycancontrolthefeaturesoractionsoftheproduct．

● Microcontrollersarededicatedtoonetaskandrunonespecificprogram．Theprogramis
storedinROMandgenerallydoesnotchange．

● MicrocontrollersareoftenlowＧpowerdevices．Adesktopcomputerisalmostalways
pluggedintoa wallsocketand mightconsume５０ wattsofelectricity．A batteryＧ
operatedmicrocontrollermightconsume５０milliwatts．

● A microcontrollerhasadedicatedinputdeviceandoften(butnotalways)hasasmall
LEDorLCDdisplayforoutput．Forexample,themicrocontrollerinsideaTVtakes
inputfromtheremotecontrolanddisplaysoutputontheTVscreen．Thecontroller
controlsthechannelselector,thespeakersystem andcertainadjustmentsonthe
picturetubeelectronicssuchastintandbrightness．

● A microcontrollerisoftensmallandlowcost．Thecomponentsarechosentominimize
sizeandtobeasinexpensiveaspossible．

● A microcontrollerisoften,butnotalways,ruggedizedinsomeway．
Themicrocontrollercontrollingacar􀆳sengine,forexample,hastoworkintemperature

extremesthatanormalcomputergenerallycannothandle．Acar􀆳smicrocontrollerinAlaska
hastoworkfineinＧ３０degreeF(３４℃)weather,whilethesamemicrocontrollerinNevada
mightbeoperatingat１２０degreesF(４９℃)．

Theactualprocessorusedtoimplementamicrocontrollercanvarywidely．Inmanyproducts,
suchas microwaveovens,thedemandontheCPUisfairlylow andpriceisanimportant
consideration．Inthesecases,manufacturersturntodedicatedmicrocontrollerchipsＧchipsthatwere
originallydesignedtobelowＧcost,small,lowＧpower,embeddedCPUs．TheMotorola６８１１andIntel
８０５１arebothgoodexamplesofsuchchips．Thereisalsoalineofpopularcontrollerscalled“PIC
microcontrollers”createdbyacompanycalled Microchip．Bytoday􀆳sstandards,theseCPUsare
incrediblyminimalistic;buttheyareextremelyinexpensivewhenpurchasedinlargequantitiesand
canoftenmeettheneedsofadevice􀆳sdesignerwithjustonechip．

Questions:
１．Howisamicrocontrollerdefined?
２．WhatfunctionsdoesthemicrocontrollerinsideaTVperform?
３．Whydoesamicrocontrolleroftenrequirebeingruggedizedinsomeway?
４．Whatkindsofproductsarededicatedmicrocontrollerchipsoftenappliedto?
５．WhatdoestheacronymLEDmeaninthisarticle?

３２




