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Introduction

Certain plastic encapsulated Surface Mount Devices (SMDs)
can be damaged if not handled properly during the solder
reflow attachment process to Printed Circuit Boards (PCBs).
The damage occurs as a result of internal package cracking
(commonly referred to as popcorn cracking) and/or
delamination between internal package interfaces (die
surface and mold compound). This internal damage can lead
to a number of possible failure modes, including broken bond
wires and lifted ball bonds. If this damage reaches the exterior
of the package, it may provide an entry pathway for external
contaminants. Furthermore, separations in the die attach
region can lead to increased electrical and thermal
resistances, which may affect device performance in certain
package styles where such a conduction path is required.

The root cause of this type of failure mechanism is the rapid
heating of the moisture absorbed within the plastic
encapsulant. All plastic packages absorb moisture. During
typical solder reflow operations when SMDs are mounted onto
a PCB, the entire PCB and device population are exposed to a
rapid change in ambient temperature. Any absorbed moisture
is quickly turned into superheated steam. This sudden change
in vapor pressure can cause the package to swell. If the
pressure exerted exceeds the flexural strength of the plastic
mold compound, it is possible to crack the package (see
Figure 1). Even if the package does not crack, interfacial
delamination can occur.

The moisture sensitivity of a package can be influenced by the
following factors:

¢ Internal dimensions and design of the lead frame
* External dimension of the package

* Physical properties of the die attach material and mold
compound

¢ Die dimensions
* Type of passivation

The last two factors that can influence the moisture sensitivity
of a SMD are the amount of absorbed moisture and the solder
reflow temperature profile. When a moisture sensitive SMD is
assembled, PCB manufacturers have control only over these
last two factors.

The amount of moisture absorbed within a plastic package is
dependent on four items:

¢ Physical properties of the mold compound
* Temperature
* Relative humidity of the ambient atmosphere

* Time duration at those conditions

The diffusion rate of moisture into the mold compound is
temperature dependent. The higher the temperature, the
faster the surrounding moisture will penetrate the mold
compound. The absorption process will continue until the
internal moisture concentration reaches an equilibrium with
the ambient relative humidity. Thus, the higher the relative
humidity, the greater the amount of absorbed moisture within
the plastic package.
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FIGURE 1. CROSS SECTIONAL VIEW OF A MOISTURE SENSITIVE
PLASTIC PACKAGE UNDERGOING SOLDER REFLOW.
ABSORBED MOISTURE TURNS TO VAPOR, WHICH
CAUSES THE PACKAGE TO SWELL.

As mentioned earlier, the profile of the solder reflow process,
which includes preheat, ramp up, and maximum temperature
exposure, also affect the moisture sensitivity of an SMD. In
general, the slower the ramp rate and the lower the maximum
temperature, the lower the probability of potential damage due to
moisture sensitivity.

Moisture Sensitivity
Classification

To establish common criteria for the classification of moisture
sensitive SMD packages several industry specifications were
drafted. The more widely accepted specifications include
JEDEC STD22B, Test Method A112-A, and IPC-SM-786A. These
have recently been combined into IPC/JEDEC J-STD-020
(Moisture/Reflow Sensitivity Classification for Plastic
Integrated Circuit Surface Mount Devices). These
specifications outline the test methods to classify the moisture
sensitivity of a given SMD to one of eight different levels (see
Table 1 on page 2).
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TABLE 1. MOISTURE SENSITIVITY LEVELS

FLOOR LIFE
LEVEL CONDITIONS TIME (Note 1)
1 <30°C/85% RH Unlimited (Note 2)
2 <30°C/60% RH 1 Year
2A <30°C/60% RH 4 Weeks
3 <30°C/60% RH 168 Hours
4 <30°C/60% RH 72 Hours
5 <30°C/60% RH 48 Hours
5A <30°C/60% RH 24 Hours
6 <30°C/60% RH Time on label

NOTES:
1. Time after removing from dry pack in a <30°C/60% RH ambient.
2. Dry pack not required. Maximum conditions 30°C/85% RH.

The classification test procedure involves a specified soak
duration at the stated floor life conditions for Levels 3 through 6.
Accelerated conditions are used for Level 1 and 2. Following the
humidity soak, the packages are subjected to three reflow cycles
with either vapor phase or IR reflow. The specified maximum
reflow temperatures are +220°C to +235°C or +245°C to +260°C
depending on package dimensions (refer to J-STD-020). The
product is then subjected to electrical test, visual inspection,
cross-sectioning, and/or inspection with acoustical microscopy.
The package is assigned to the lowest level of moisture
sensitivity for which it passes.

Dry Pack

If a particular package style is determined to be moisture
sensitive (Levels 2 through 6), then the product must be shipped
in dry pack. The dry pack bag is a tough, moisture resistant bag.
The moisture sensitive product is typically baked for 24 hours at
+125°C. Following the bake the product is placed inside a dry
pack bag along with predetermined amount of desiccant and a
humidity sensitive indicator card. The bag is then sealed. A
moisture sensitivity warning label is then affixed to the bag. The
label will indicate the floor life after the bag is opened as well as
the date the dry bag was sealed. The label will also contain
information on product storage and rebaking.

PCB Assembly

When opening a dry pack bag with product, check two items:
* The seal date on the label
* The moisture indicator from within the bag.

If the bag seal date is beyond its expiration date or the humidity
indicator card shows >20% RH, the product needs to be rebaked
before reflow. If both the seal date and humidity indicator card
are within the requirements, the product can be used. The solder
reflow must be accomplished within the specified floor life
shown on the warning label. Failure to do so may damage the
product.

Unused product can be stored in a cabinet with a controlled
ambient <20% RH when not in use. When the product is returned
to production, any previous floor exposure shall be deducted from
the floor life indicated on the warning label. When a variety of
moisture sensitive SMDs are being used, it is extremely
important to maintain the sensitivity level and total floor life
exposure of each device. The floor life shown on the label is for a
maximum factory ambient of +30°C/60% RH. Derating
calculations have been published for use of moisture sensitive
SMDs in other temperature/humidity factory conditions [1].

As mentioned before, the ramp rates and maximum
temperatures have a direct effect on moisture sensitivity.
Moisture sensitivity classification is performed at a maximum
temperature of either +220°C to +235°C or +245°C to +260°C,
depending on the package dimensions. Higher reflow
temperatures may increase the moisture sensitivity of a
particular device type because of the associated increase in the
vapor pressure of the steam. Other precautions should be
observed in instances where reflow is being performed with
radiant heating, such as with IR reflow. Heating is not uniform
across the PCB. The outer edges of the board tend to get hotter.
Smaller packages with less thermal mass can achieve higher
temperatures than larger packages in a mixed PCB design.
Profiling of IR reflow systems should be performed to account for
these differences.

Several manufacturers employ wave solder for soldering SMDs to
PCBs. Typically, this soldering is performed at +260°C. This
method and temperature range is not recognized by the
IPC/JEDEC J-STD-020, so SMD packages have not been
characterized for moisture sensitivity under these conditions. If a
user is employing this method, check with Renesas before use.

PCB Rework

If a rework of a PCB with moisture sensitive SMDs is required,
special precautions must be observed. If the rework requires
complete exposure of the PCB to reflow conditions, the
manufacturer needs to take into account the shortest floor life of
any moisture sensitive SMD on the board. If the floor life has
been surpassed, the entire board should be rebaked.

Localized board repair with a soldering iron or hot bar should not
damage neighboring packages. Do not overheat individual leads
of the replacement device. If a hot air gun is used for making
board repairs, shield any surrounding moisture sensitive
packages. If a moisture sensitive SMD is to be replaced, the new
device should be within its floor life. Any special requirements on
the product’s datasheet should be followed.

Rebaking of Moisture Sensitive
Product

Moisture sensitive product that has been exposed to the factory
ambient past its intended floor life, or when the dry pack bag has
been opened and the humidity indicator card shows >20% RH
needs to be baked dry again before reflowing. The baking
process for dry packing is 24 hours at +125°C. Shipping trays
can typically withstand this temperature (check with product
supplier to be sure). However, shipping tubes and tape and reel
cannot.
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Two alternatives exist:

1. Product in plastic tubes can be transferred to metal tubes or
placed on metal trays for the normal +125°C bake out
procedure. Observe ESD precautions.

2. Tubes and tape and reel can also be baked at
+40°C +5°C/-0°C at <5% RH for 192 hours or longer.

Following the bake out procedure the product needs to be
processed through reflow within its assigned floor life or it can be
returned to a storage cabinet with <20% RH for use at a later
time. In the case of extremely moisture sensitive components
(Level 6) it is advisable to process through reflow immediately
after the bake.

Distributors

Dry packed product should be turned on a First In/First Out (FIFO)
basis to ensure the dry pack does not go beyond its expiration
date. Preferably, factory dry pack should not be opened.
However, if an order requires opening a dry pack bag for part of
its content, the bag should be resealed immediately and the
removed contents transferred to a new bag. The new dry pack
bag shall meet Class | barrier requirements per Federal Test
Method Standard 101, Method 3030. Reseal the new dry pack
within 30 minutes maximum and follow the requirements of
EIA-583 (Packaging Material Standards for Moisture Sensitive
Items) and/or IPC/JEDEC J-STD-033 (Standard for Handling,
Packing, Shipping and Use of Moisture/Reflow Sensitive Surface
Mount Devices). A duplicate of the same moisture sensitive
warning label on the original dry pack bag shall be affixed to the
new bag. If the product is exposed for greater than 30 minutes,
rebaking should be performed.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

equipment; industrial robots; etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user's manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.
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. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third
party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.4.0-1 November 2017)
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