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OBJECTIVE
The objective of this application note is to provide
the customer with a general understanding of
ANADIGICS’ products high temperature capabilities
associated with 2nd level lead-free assembly.  It also
provides general information on the moisture
sensitivity level (MSL) tests as required by JEDEC
for sensitivity rating of products to be used in lead-
free assembly environments. Finally, a brief look at
the various tests used to qualify ANADIGICS
products is also presented.

INTRODUCTION
The world-wide lead-free initiative for microelectronics
has caused the industry to revamp the design,
material selection, and manufacturing processes
of its products. Japan and Europe have launched
industry wide programs banning lead from
electronics products in 2005 and 2006, respectively.
These programs are backed by OEMs in Japan and
by the Parliament in Europe.  Although the United
States does not have any legislation for the removal
of lead from electronic components, in order to
remain competitive in this global market, the United
States must follow suit or face exclusion from
markets requiring the elimination of lead.

Lead based solders are now being replaced by lead-
free solders for 2nd level interconnects. The most
common replacements for 63Sn37Pb (eutectic
point 187 °C) are the 96.5Sn3Ag0.5Cu (SAC305)
and 95.5Sn4Ag0.5Cu  (SAC405) solders, which
have a  eutectic point of 217 °C. Due to the non-
uniformity of heat distribution on boards during 2nd

level interconnection reflow, the SAC solders reflow
profiles contain a peak temperature of 250 °C. This
peak temperature could potentially be as high as
260 °C depending on the assembler’s equipment
and process capabilities; reflowing components at
such high temperatures can cause a multitude of
problems such as delamination at any of the
various interfaces, solder extrusion, external
cracking, and cracks on any of the internal features
and I/Os.

In order to overcome these problems, ANADIGICS
uses innovative designs, processes and materials

in the manufacture of its products.  Products using
these techniques exceed the standards set by
JEDEC for exposure to high temperature reflows.

LEAD-FREE SOLDERS
The following table provides a few lead-free solders
being used in industry.  Although no standard
replacement has been identified by the
microelectronics industry, research organizations
specializing in lead-free solders have
recommended several replacements for the
standard Sn37Pb solder.

Table 1:  Common Lead-free Solders [1,3,5]

yollA
gnitleM
)C°(tnioP yrtsudnI

gA5.3nS 622-122 evitomotuA

iB3gA5.3nS 712-802 -oreA/yratiliM
ecaps

nI4iB1gA5.3nS 312-802 remusnoC

uC5.0gA0.3nS 712 evitomotuA
.moceleT

iB75nS 831 remusnoC

uC7.0nS 722 remusnoC
.moceleT

nZ9nS 991 remusnoC

PROPERTIES OF LEAD-FREE SOLDERS [1]
Some of the properties common to lead-free
solders are given below:

• Typically have much higher melting points than
traditional Sn63Pb37

• Are stronger and less ductile than lead or
indium-bearing alloys

• Typically exhibit poor wetting when compared to
Sn37Pb
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SAC305 and SAC405 provide certain advantages
over other lead-free compounds due to the presence
of copper.

• Copper in solder retards the dissolution rate of
copper from boards.

• Copper can improve the wettability of the solder
during reflow.

• Copper can improve the thermo-mechanical
properties of solder joints.

• Copper reduces the melting point slightly.
96.5Sn3.5Ag has a melting point of 221 °C.

Table 2: SAC305/SAC403 Data [2,3]
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BACKGROUND ON MSL LEVELS
MSL levels are used to classify the sensitivity of a
microelectronic package to moisture. Packages
can be classified from level 1 (hermetic package)
to level 6 (very sensitive). Knowledge of the MSL
level of a package is crucial during 2nd level solder
reflow for proper assembly of the product as these
levels dictate the duration that the package can be
exposed to the atmosphere before being exposed
to solder reflow temperatures. Once this time limit
expires, the package is at risk for catastrophic
damage during reflow. Table 1 summarizes the
different MSL levels as defined by JEDEC Standard
J-STD-020B [4].

Table 3: Moisture Sensitivity Levels by JEDEC

leveL efiLroolF

1 detimilnU

2 raey1

a2 skeew4

3 sruoh861

4 sruoh27

5 sruoh84

a5 sruoh42

6 lebaLnoemiT

Traditionally ANADIGICS has provided qualified
laminate-based modules rated at MSL 3 and
standard plastic leaded packages rated at MSL 1,
with a tolerance for a peak reflow temperature of
240 °C. ANADIGICS is now capable of providing 260
°C tolerant packages.  The laminate-based modules
are qualified at MSL 3 and standard plastic leaded
packages at MSL 1, for applications requiring this
capability.

HIGH TEMPERATURE REFLOW PROFILES
In order to qualify the products at the desired MSL
level, it needs to be subjected to, and pass, the
environmental conditions and stress tests as
specified in J-STD-020B. While, this standard
specifies a peak reflow temperature of 250 °C,
ANADIGICS has decided to exceed this specification
by 10 °C to provide the customers with a greater
reflow margin, thus delivering a more tolerant and
robust product.
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Perform Pre-stress

electrical test and

Sonoscans

Dry bake for 24 hours

at 125 °C

Soak at 85 °C/85 RH for

168 hours (MSL 1)

Leaded Packages

Reflow parts 3 times

peak at 260 °C

Perform Post-stress
electrical test and

Sonoscans

Soak at 30 °C/60 RH for

192 hours (MSL 3)

Laminate Modules

Pre-condition. Temp
Cycle. 5 cycles -40 °C to

60 °C

The following flowchart shows the flow of the tests
for an MSL test.

Table 4 provides a breakdown of the reflow
conditions [4].

Table 4: Lead-free MSL Reflow Profile
Breakdown
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NOTES:
1. TL is the solder Eutectic temperature
2. TP is the peak temperature

After soaking in the moisture chamber for the
required time, the parts are subjected to the reflow
conditions specified in J-STD-020B. Three
successive profile passes are required according
to JEDEC specifications. Table 5 is an example of
three passes from one of the tests.

Table 5. Breakdown of Lead-free Reflow
Profiles
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Figure: 1 Graphical Representation of ANADIGICS 260 °C Profiles

Figure 2: Comparison of 240 °C and 260 °C Reflow Profile
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QUALIFICATION TESTS
Apart from MSL, the qualification of packages, that
are reliable in lead-free assembly conditions, also
requires a number of additional tests. According to
ANADIGICS’ internal specification, such packages
were successfully submitted to reliabil ity/
environmental stresses in accordance to JEDEC
standards, as applicable. Qualification testing
results are available upon request.

LEAD-FREE ORGANIZATIONS
The following are some of the organizations that
are actively pursuing lead-free activities.

• JEDEC www.jedec.org

• IPC www.ipc.org; www.lead-free.org

• NEMI www.nemi.org

• NCMS lead-free.ncms.org

• JEIDA www.jeida.or.jp

• ITRI www.itri.co.uk
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WARNING
ANADIGICS products are not intended for use in life support appliances, devices or systems.  Use of an ANADIGICS
product in any such application without written consent is prohibited.

IMPORTANT NOTICE

ANADIGICS, Inc.
141 Mount Bethel Road
Warren, New Jersey 07059, U.S.A.
Tel: +1 (908) 668-5000
Fax: +1 (908) 668-5132

URL: http://www.anadigics.com
E-mail: Mktg@anadigics.com

ANADIGICS, Inc. reserves the right to make changes to its products or to discontinue any product at any time without
notice.  The product specifications contained in Advanced Product Information sheets and Preliminary Data Sheets are
subject to change prior to a product’s formal introduction.  Information in Data Sheets have been carefully checked and are
assumed to be reliable; however, ANADIGICS assumes no responsibilities for inaccuracies.  ANADIGICS strongly urges
customers to verify that the information they are using is current before placing orders.
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SUNSTAR 商斯达实业集团是集研发、生产、工程、销售、代理经销 、技术咨询、信息服务等为

一体的高科技企业，是专业高科技电子产品生产厂家，是具有 10 多年历史的专业电子元器件供

应商，是中国最早和最大的仓储式连锁规模经营大型综合电子零部件代理分销商之一,是一家专

业代理和分銷世界各大品牌 IC 芯片和電子元器件的连锁经营綜合性国际公司，专业经营进口、

国产名厂名牌电子元件，型号、种类齐全。在香港、北京、深圳、上海、西安、成都等全国主要

电子市场设有直属分公司和产品展示展销窗口门市部专卖店及代理分销商，已在全国范围内建成

强大统一的供货和代理分销网络。 我们专业代理经销、开发生产电子元器件、集成电路、传感

器、微波光电元器件、工控机/DOC/DOM 电子盘、专用电路、单片机开发、MCU/DSP/ARM/FPGA 软

件硬件、二极管、三极管、模块等，是您可靠的一站式现货配套供应商、方案提供商、部件功能

模块开发配套商。商斯达实业公司拥有庞大的资料库，有数位毕业于著名高校——有中国电子工

业摇篮之称的西安电子科技大学（西军电）并长期从事国防尖端科技研究的高级工程师为您精挑

细选、量身订做各种高科技电子元器件，并解决各种技术问题。 

微波光电部专业代理经销高频、微波、光纤、光电元器件、组件、部件、模块、整机；电

磁兼容元器件、材料、设备；微波 CAD、EDA 软件、开发测试仿真工具；微波、光纤仪器仪表。

欢迎国外高科技微波、光纤厂商将优秀产品介绍到中国、共同开拓市场。长期大量现货专业批发

高频、微波、卫星、光纤、电视、CATV 器件: 晶振、VCO、连接器、PIN 开关、变容二极管、开

关二极管、低噪晶体管、功率电阻及电容、放大器、功率管、MMIC、混频器、耦合器、功分器、

振荡器、合成器、衰减器、滤波器、隔离器、环行器、移相器、调制解调器；光电子元器件和组

件：红外发射管、红外接收管、光电开关、光敏管、发光二极管和发光二极管组件、半导体激光

二极管和激光器组件、光电探测器和光接收组件、光发射接收模块、光纤激光器和光放大器、光

调制器、光开关、DWDM 用光发射和接收器件、用户接入系统光光收发器件与模块、光纤连接器、

光纤跳线/尾纤、光衰减器、光纤适 配器、光隔离器、光耦合器、光环行器、光复用器/转换器；

无线收发芯片和模组、蓝牙芯片和模组。  

更多产品请看本公司产品专用销售网站: 

商斯达中国传感器科技信息网：http://www.sensor-ic.com/

商斯达工控安防网：http://www.pc-ps.net/

商斯达电子元器件网：http://www.sunstare.com/

商斯达微波光电产品网:HTTP://www.rfoe.net/

商斯达消费电子产品网://www.icasic.com/

商斯达实业科技产品网://www.sunstars.cn/   微波元器件销售热线： 

    地址：深圳市福田区福华路福庆街鸿图大厦 1602 室 

    电话：0755-82884100 83397033 83396822 83398585 

    传真：0755-83376182  （0）13823648918  MSN: SUNS8888@hotmail.com

    邮编：518033   E-mail:szss20@163.com     QQ: 195847376 

    深圳赛格展销部：深圳华强北路赛格电子市场 2583 号 电话：0755-83665529   25059422 

    技术支持: 0755-83394033 13501568376 

欢迎索取免费详细资料、设计指南和光盘 ；产品凡多，未能尽录，欢迎来电查询。 
    北京分公司：北京海淀区知春路 132 号中发电子大厦 3097 号 
               TEL：010-81159046  82615020  13501189838  FAX：010-62543996   
    上海分公司：上海市北京东路 668 号上海賽格电子市场 D125 号  
               TEL：021-28311762  56703037  13701955389  FAX：021-56703037 
    西安分公司：西安高新开发区 20 所(中国电子科技集团导航技术研究所)   
           西安劳动南路 88 号电子商城二楼 D23 号   

            TEL：029-81022619  13072977981  FAX:029-88789382 
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