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                                                                                1 San Jose State University Department of Electrical Engineering ELECTRICAL ENGINEERING SENIOR PROJECT Microwave Amplifier Design (part 3) by Steve Garcia Jaime Cordoba Inderpreet Obhi December 15, 2003
                                                    

2 S22 Smith Chart: Output Match
                                                    

3 S22 Magnitude
                                                    

4 S22 Phase
                                                    

5 S12 Magnitude: Isolation
                                                    

6 S12 Phase
7 Power Sweep Test Setup The Network analyzer has a maximum power input of 23 dbm and our expected results were close to 30 dbm therefore attenuation had to be introduced into the output of amplifier Two 6 db attenuators were used for a total of 12 db of attenuation All other connections were same as frequency sweep
                                                    

8 Power Sweep Test Setup 6 db Attenuators
                                                    

9 P1dB Compression Point
10 Results Measured Parameters - S11: -9.2 db - S21: 15.1 db - S22: -2.8 db - S12: db Simulated Parameters - S11: -10.3db - S21: db - S22: db - S12: db Measured Phase - S11: deg. - S21: deg. - S22: deg - S12: deg. Simulated Phase - S11: deg - S21: 65.0 deg - S22: deg - S12: 26.0 deg P1 db Compression Point: Simulated: Input 13.5 dbm with Output dbm Measured: Input 14.2 dbm with Output 29.2 dbm Third Order Intercept or IP3 TOI can be estimated at 10 db above P1dB This yields a TOI of approximately 39 dbm
11 Conclusion All measured results were very close the simulated results of our amplifier If time allowed, an accurate measurement of the TOI would have been conducted Overall, the project offered vast learning opportunity in the design and measurement of RF circuits.
12 Parts List: Quantity Description Value Price Product ID 8dB 31.5dBm Output Donated 5 LP1500 Power (Filtronics) 10 RF Chokes (Panasonic) 1.0µH 20% $0.67 ea. PCD1478TR-ND 5 Inductors (Panasonic) 47nH 5% $0.93 ea. PCD1168CT-ND 5 Inductors (Panasonic) 56nH 5% $0.93 ea. PCD1169CT-ND 5 Inductors (Panasonic) 68nH 5% $0.93 ea. PCD1170CT-ND 5 Inductors (Toko) 1.5 ±0.2nH $0.98 ea. TKS2952CT-ND 5 Inductors (Toko) 1.8 ±0.2nH $0.98 ea. TKS2953CT-ND 5 Inductors (Toko) 2.2 ±0.2nH $0.98 ea. TKS2954CT-ND 10 DC Blocks (AVX) 1000pF ±5% $3.52 ea ND 10 Capacitors (AVX) 33pF ±5% $2.09 ea ND 10 Capacitors (AVX) 39pF ±5% $2.09 ea ND 10 Capacitors (AVX) 47pF ±5% $2.09 ea ND 10 Capacitors (AVX).5pF ±.25pF $2.31 ea ND 10 Capacitors (AVX) 1pF ±.25pF $2.31 ea ND 4 Resistors 22 Ohms $1.75 ea tap $15.00 ea. 1 3/64" Drill $2.00 ea. 2 Aluminum Blocks Donated 1 Rogers 4003 Substrate Donated Equipment List: 1 HP Network Analyser 8753A- 300KHz- 3.0 Ghz 1 HP 86290B RF Plug In GHz 1 HP 85042A- S-parameter Test Set- 300KHz- 6GHz 1 Tecktronix CPS250 Triplle Output Power Supply 1 Software- Microwave Office
13 Timeline: Research February April May August September October Nov Dec Commercial device specs. Existing designs Identify design parameters Prelimanary parts list Assembly methods Sign Contract Submit Proposal Report Report Assigned Resposiblities Circuit Design Phase/ Simulation Obtaining Device models Designs Circuit in ADS Simulations Matching Circuit Design Fabrication Component shopping Ordering Build Circuit Testing Final Report Written Verbal presentation
14 Budget: The ever growing communications industry has put a high demand on efficient and affordable RF amplification circuits. Amplification products in the 2.4 GHz operating range can be very expensive. Research has found a wide range of RF amplifier prices that can get as high $ As is obvious the use of RF amplifiers can make a product quite expensive. Table 1 shows a comparison of some commercial RF amplifiers that are similar to our amplifier. Model Frequency Maximum Output Power Gain Impedance Price 2400DX, RF linx 2.4GHz 100mW to 1 watt 17 db Max 50 ohm $699 HFA3424 Harris semiconductor 2.4 to 2.5 GHz 1.3 watts 14db 50 ohm $400 Our RF power amplifier. 2.4 GHZ 1 watt 10-12db 50 ohm < $ 250 From the beginning our goal was to design an RF amplifier much cheaper in price, and our goal was met. Our team spent around $75 in parts. The LP1500, which costs about $25, and the substrate and milling process were donated by our sponsors. But in reality if we were to fabricate our amplifier without any sponsors, our fabrication costs would have been around $300. Compared to the amplifiers above, our amplifier still has a cheaper price tag, and mass production of our amplifier will reduce our costs even more. So we can say that the use of this amplifier in a particular circuit reduces a company s production cost substantially. This ultimately results a product that is affordable to a larger group of consumers. The extremely competitive price makes this RF amplifier much more desirable to the communications industry.
15 References Vendelin, George. Anthony, Pavio (1992). Circuit Design Using Linear and Nonlinear Techniques. John Wiley and Sons Inc Gonzalez, Guillermo. Microwave Transistor Amplifier: Analysis and Design, Prentice Hall, Pozar, David M. Microwave Engineering, 2nd Edition, John Wiley Saad, Theodore (1974). Microwave Engineer's Handbook (Vol. 2). Artech House Rogers Corporation (2003). Advance Circuit Materials. Retrieved on 10/05/03 from   Filtronic Semiconductors. Semiconductor products. Retrieved on 9/25/03 from
                                                    
                                                    
                                                    

16 易迪拓培训 专注于微波 射频 天线设计人才的培养网址 :  射频和天线设计培训课程推荐 易迪拓培训 (  由数名来自于研发第一线的资深工程师发起成立, 致力并专注于微波 射频 天线设计研发人才的培养 ; 我们于 2006 年整合合并微波 EDA 网 (  现已发展成为国内最大的微波射频和天线设计人才培养基地, 成功推出多套微波射频以及天线设计经典培训课程和 ADS HFSS 等专业软件使用培训课程, 广受客户好评 ; 并先后与人民邮电出版社 电子工业出版社合作出版了多本专业图书, 帮助数万名工程师提升了专业技术能力 客户遍布中兴通讯 研通高频 埃威航电 国人通信等多家国内知名公司, 以及台湾工业技术研究院 永业科技 全一电子等多家台湾地区企业 易迪拓培训课程列表 :  射频工程师养成培训课程套装该套装精选了射频专业基础培训课程 射频仿真设计培训课程和射频电路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材 ; 旨在引领学员全面学习一个射频工程师需要熟悉 理解和掌握的专业知识和研发设计能力 通过套装的学习, 能够让学员完全达到和胜任一个合格的射频工程师的要求 课程网址 :  ADS 学习培训课程套装该套装是迄今国内最全面 最权威的 ADS 培训教程, 共包含 10 门 ADS 学习培训课程 课程是由具有多年 ADS 使用经验的微波射频与通信系统设计领域资深专家讲解, 并多结合设计实例, 由浅入深 详细而又全面地讲解了 ADS 在微波射频电路设计 通信系统设计和电磁仿真设计方面的内容 能让您在最短的时间内学会使用 ADS, 迅速提升个人技术能力, 把 ADS 真正应用到实际研发工作中去, 成为 ADS 设计专家... 课程网址 :   HFSS 学习培训课程套装该套课程套装包含了本站全部 HFSS 培训课程, 是迄今国内最全面 最专业的 HFSS 培训教程套装, 可以帮助您从零开始, 全面深入学习 HFSS 的各项功能和在多个方面的工程应用 购买套装, 更可超值赠送 3 个月免费学习答疑, 随时解答您学习过程中遇到的棘手问题, 让您的 HFSS 学习更加轻松顺畅 课程网址 :  `
                                                    

17 易迪拓培训 专注于微波 射频 天线设计人才的培养网址 :  CST 学习培训课程套装该培训套装由易迪拓培训联合微波 EDA 网共同推出, 是最全面 系统 专业的 CST 微波工作室培训课程套装, 所有课程都由经验丰富的专家授课, 视频教学, 可以帮助您从零开始, 全面系统地学习 CST 微波工作的各项功能及其在微波射频 天线设计等领域的设计应用 且购买该套装, 还可超值赠送 3 个月免费学习答疑 课程网址 :  HFSS 天线设计培训课程套装套装包含 6 门视频课程和 1 本图书, 课程从基础讲起, 内容由浅入深, 理论介绍和实际操作讲解相结合, 全面系统的讲解了 HFSS 天线设计的全过程 是国内最全面 最专业的 HFSS 天线设计课程, 可以帮助您快速学习掌握如何使用 HFSS 设计天线, 让天线设计不再难 课程网址 : MHz NFC/RFID 线圈天线设计培训课程套装套装包含 4 门视频培训课程, 培训将 13.56MHz 线圈天线设计原理和仿真设计实践相结合, 全面系统地讲解了 13.56MHz 线圈天线的工作原理 设计方法 设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体操作, 同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试 通过该套课程的学习, 可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹配电路的原理 设计和调试 详情浏览 :  我们的课程优势 : 成立于 2004 年,10 多年丰富的行业经验, 一直致力并专注于微波射频和天线设计工程师的培养, 更了解该行业对人才的要求 经验丰富的一线资深工程师讲授, 结合实际工程案例, 直观 实用 易学 联系我们 : 易迪拓培训官网 :  微波 EDA 网 :  官方淘宝店 :  专注于微波 射频 天线设计人才的培养易迪拓培训官方网址 :  淘宝网店 :
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        SMEMA FIDUCIAL MARK STANDARD Standard 3.1 1.0 SCOPE: This SMEMA standard is for fiducial marks. It was developed to facilitate the accurate placement of components on printed circuit boards. SMEMA standards    
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