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Abstract  �  mm-wave components are very 
expensive due to the high package and assembly cost.  
This paper describes a 0.25um PHEMT Ku-band 2-
watt PA, and a 2.2dB NF LNA MMIC in a low-cost 
SMT package ($2.00). The package has excellent 
thermal resistance, 0.5C/W, return loss (20dB), and 
input/output isolation (40dB), from DC-40 GHz. We 
believe this is the first time such a package design is 
published. 

I. INTRODUCTION 

Microwave components for high frequency applications 
such as Ku-band VSAT, K-band LMDS, Ka-band point-
to-point radio, Ka-band multi-media broadband satellite 
communication, 77GHz collision avoidance radar, and a 
host of millimeter-wave military applications are very 
expensive. A major reason for the high price is the high 
package cost and the subsequent (largely manual)  
assembly cost. This problem is especially difficult for 
high-power millimeter components, in which the package 
requires to have low thermal resistance, near 50-ohm RF 
input/output feed through, and high input/output isolation. 
In addition, to facilitate low-cost automatic assembly, the 
package needs to be SMT compatible, which complicates 
the design and manufacturing process.  This is an area that 
continues to receive substantial attentions [1]-[5]. 

 
This paper describes two packaged MMICs: a 2-watt 

PA and a 2.2dB NF LNA MMIC covering the 14GHz to 
18GHz band. The MMICs are assembled in low-cost, 
high-performance, SMT compatible package for 
affordable Tx and Rx automatic assembly production.  We 
believe this is the first time such a package design is 
published. The package has low thermal resistance of less  
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 0.5C/W. It has RF input/output return loss better than 
 and input to output isolation better than 40dB,  

 DC to 40GHz. It is compatible to automatic SMT 
mbly, and cost less than $2.00 for 1 million quantities. 
 approach can also apply to MCM (Multi Chip 
ule) for further reduction of the size and cost. This 
 of low-cost, high-frequency MMIC components will 
 up many millimeter wave applications, which were 
ffordable before. 

. PACKAGE DESIGN AND TECHNOLOGY 

gure 1a shows the PA package. The package is first 
rned on a 4�x4� ceramic substrate. The area on which 

MMIC will be die-attached, is cut out by automatic 
 scribing. This cut out is subsequently filled with 
5%)/Pd(5%) and sintered. This Ag/Pd pad serves as 
al conductive path, DC, and RF ground. Gold 

lization patterns, which match to the MMIC RF and 
bonding pads, are fabricated on the ceramic, adjacent 
e Ag/Pd pad for wire bonding from MMIC pads to the 
mic. Metallized Via holes are laser drilled in the 
mic to connect the RF input/out and the DC bias 
lization patterns from the ceramic surface to the 
m side of the ceramic. Therefore, all the RF/DC pads 

the RF/DC grounds are on the bottom surface of the 
mic to facilitate automatic SMT assembly. EM 
lators are used to design the metalization pattern to 

eve near 50-ohm input/output feed through and good 
t/output isolation.  For the case of the LNA, the 
ipated thermal dissipation is not significant.  Hence, 
package does not require a high-power heat sink.  
s, via holes can be used with filled Pd/Ag metal slug to 
ce cost even further.  Figure 1b shows the package 
 for the LNA MMIC.   



 
Fig. 1a.  Package design for PA.  The top, bottom, and side 
views are shown.  The heat sink is a Pd/Ag filled metal slug. 

 
The RF performance of the package is improved by 

compensating for the inductance of the bond wire through 
the use of two open stubs immediately next to the MMIC 
input/output.  In addition, the ground plane metal pattern is 
selected to reduce any discontinuity caused by the 
input/output via holes of the package.   

 
 
 

 

 
Fig. 1b.  Package design for LNA.  The top, bottom, and side 
views are shown.  Via holes replace the heat sink since little 
thermal dissipation is needed. 
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gure 2 shows the simulation results of this package, 
h match very well with measurements in the lab. In all 
s, the performance of the package was calculated 
g full wave analysis (AWR�s Microwave office and 
ft�s HFSS). 

 
2.  Package performance from DC to 40 GHz.  The worst 
for insertion loss is �0.4 dB (right scale) and for return loss 
1 dB (left scale). 

fter all the package patterns are fabricated, the 4�x4� 
mic substrate is diced to be individual package. The 
IC is Au-Su eutectic die attached to the Ag/Pd pad for 
 thermal conductivity and high reliability. A ceramic 

s attached to the ceramic package by non-conductive 
y to cover the MMIC as protection (The EM 
lator design includes the effect of this ceramic lid). 
 completes the MMIC assembly process. Figure 3 is 
inished assembly (without lid or bias lines for clarity). 

 
3. 3D view of finished package with MMIC assembly.  
MMIC sits on a Pd/Ag heat sink. 

ur simulation shows that this package works from DC 
eyond 40GHz, and it can handle more than 8 watts of 
dissipation. Because this package is fabricated by 

h process, the price of this package is below $2.00 for 
antity of over 1 million. In addition, this approach can 



also apply to MCM (Multi Chip Module) for further 
reduction of the size and cost. 

III. PA, AND LNA DESIGN AND TECHNOLOGY 

Both PA and LNA MMICs use 0.25um gate power 
PHEMT process to take advantage of volume purchase to 
reduce cost.  The same process is used for the PA and the 
LNA circuits.  The process yields 0.6W/mm and a noise 
figure < 1.5dB under optimum matching conditions at 
18GHz.   The PA  (Fig. 4) consists of  3 stages with FET 
sizes: 400µm, 1200µm & 4000µm respectively. To 
achieve a minimum of 2W output power, the last stage has 
four FETs, with 1mm periphery each, which are directly 
combined to achieve the required power target.  A small 
amount of resistive feedback is used in each of the output 
FETs to improve the output return loss.  This feedback is 
kept to a minimum to avoid affecting the output power.  
The size of the chip (Fig. 5) is 3.5 x 2.4mm.  

 

 
Fig. 4.  PA MMIC schematic. 

 
 

 
Fig. 5.  PA MMIC layout. 

The packaged 3-stage PA achieves over 2-watt P1dB with 
25dB gain and 35% efficiency (Fig. 6).  The input return loss is 
> 10dB and the output return loss is around 10dB over most of 
the band.  The results shown in Fig. 6 are almost identical to 
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Fig. 
ured chip performance (output power, Pout, is the P1dB 
r measured over the band of interest).  

 

 
6.  Package performance of PA.  Left axis is in dB for Gain, 
t/Output return loss, and in dBm for Pout.  MMIC chip 
rmance is shown as dashed line. 

 

e LNA consists of 3 stages with FET sizes: 200µm, 400µm 
0µm respectively.  Resistive feedback is used in the output 
 to broadband the design and to achieve good output return 
(Fig. 7).  The chip size is 2.8 x 1.4mm (Fig. 8). The 
aged 3-stage LNA achieves 2.2dB noise figure with 20dB 
(Fig. 9).  

 
7.  LNA MMIC schematic. 

 
8.  LNA MMIC layout. 



 
Fig. 9.  Performance of Packaged LNA.  Right axes is for NF 
curve (in dB). .  MMIC chip performance is shown as dashed 
line. 

The performance of the MMIC bare die and the 
packaged one are nearly identical for the PA & the LNA 
designs, which illustrates the excellent performance of the 
package. This performance is obtained with first pass 
success, without iteration. Therefore, the design of the 
package and MMICs were done independently.  This 
necessitates ensuring excellent 50-ohm match from the 
package and MMIC and makes both of them useful 
independent of each other. 

V. CONCLUSION 

We have designed, built and tested Ku-band PA and 
LNA MMIC in a low-cost automatic SMT assembly 
package. This package, although it is currently used at Ku-
band, is suitable for mm-wave applications.  We used the 
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age with two Ku-band MMICs with great success.  
package demonstrates that many of the mm-wave 

ications can be brought to market affordably given the 
er package design. 
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专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com  

 

射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

易迪拓培训(www.edatop.com)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(www.mweda.com)，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：http://www.edatop.com/peixun/rfe/129.html 

 

 

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：http://www.edatop.com/peixun/rfe/110.html 

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： http://www.edatop.com/peixun/ads/13.html  

 

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：http://www.edatop.com/peixun/hfss/11.html 

 

` 



 

 

 

 

 
专注于微波、射频、天线设计人才的培养 易迪拓培训 
网址：http://www.edatop.com 

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：http://www.edatop.com/peixun/cst/24.html  

 

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：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz 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：http://www.edatop.com/peixun/antenna/116.html 
 

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：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 
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