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Power Module MSL Ratings and Reflow Ratings
ABSTRACT
All semiconductor devices, including power modules that have a moisture sensitivity level (MSL) rating
and a peak reflow classification, which provides needed information when manufacturing with the device.
This application report helps to explain these ratings.
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Introduction
The MSL rating and peak reflow information is displayed on the "Quality & packaging" tab (see Figure 1)
of the device's product folder on www.ti.com. Likewise, the information can also be found on the device
reel and packing box. Figure 2 shows an example of a device's box label that also includes the MSL and
peak reflow information.

Figure 1. Component MSL Rating and Peak Reflow on ti.com

Figure 2. MSL Rating and Peak Reflow Labeling on Box
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Applying the Moisture Sensitivity Level (MSL)
The MSL rating of a device determines its floor life, or the amount of time that a device can be removed
from its anti-static, dry pack bag before being reflowed. Once the dry pack bag is opened, moisture from
the ambient air gets into the device. If the floor life is exceeded and too much moisture gets into the
device during reflow, the moisture can expand and damage the device.
IPC/JEDEC J-STD-033C is the electronics industry standard for defining MSL ratings versus floor life at
30°C, as shown in Table 1.
Table 1. Factory Floor Life @ 30°C
MSL

Floor Life

Moisture Relative Humidity

1

Unlimited

85% RH

2

1 year

2a

4 weeks

3

168 hours

4

72 hours

5

48 hours

5a

24 hours

6

Bake before use and reflow within time on label

60% RH

Most TI power modules are rated MSL 3 or higher. The MSL rating is given after product qualification and
determined by the materials used in its packaging and assembly process, assuming a constant 30°C and
60% relative humidity. The absorption of moisture into an IC package is proportional to temperature and
relative humidity. Exposing the device to higher humidity conditions or higher temperatures potentially
shortens the floor life.
The Recommended Equivalent Total Floor Life table in IPC/JEDEC J-STD-033C provides guidance on
floor life for differing temperatures (20°C to 35°C) and a range of relative humidity (5% to 95%) for
different package types and thicknesses.
If the floor life is exceeded, the device must be baked prior to reflow. Consult IPC/JEDEC J-STD-033C for
baking times based on the thickness of the device, the MSL rating of the device, and the baking
temperature. Devices in tape and reel, trays, or tubes may not be baked at any temperature higher than
40°C.
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Reflow Profile for Lead-Free Soldering
When reflowing TI power modules, the peak reflow rating of the device must be observed and applied. A
reflow profile that meets the temperature and time requirements defined in J-STD-020D.1 is shown in
Figure 3. Figure 3 illustrates the key temperature and times associated with the different reflow oven
zones.

Figure 3. TI Representation of a J-STD-020D.1 Lead-Free Reflow Profile
The Classification Reflow Profiles table from J-STD-020D.1 defines the industry standard for a lead-free
reflow profile that applies to TI power modules during manufacturing as shown in Figure 3.
Important items defined in J-STD-020D.1 that can impact IC reliability are:
• Soak time: ts
• Soak temperatures: minimum (Tsmin) and maximum (Tsmax)
• Liquidous temperature (TL) for lead-free soldering; this is approximately 217°C. This varies according
to the alloy.
• The peak temperature (Tp) for reflow at top of the package.
– For users, Tp must not exceed the specified classification temperature (Tc).
• The maximum time (tp) that the temperature is within 5°C of Tc.
• Ramp up rate from TL to Tp
• Cool down rate from Tp to TL
NOTE: J-STD-020D defines a broad standard for reflow profile. For specific recommendations or
limitations on reflow ramp rates and times, see the solder paste manufacturer’s data sheet.
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References
•
•

IPC/JEDEC J-STD-033C: Joint IPC/JEDEC standard for handling, packing, shipping, and use of
moisture and reflow sensitive surface-mount devices
J-STD-020D.1: Joint IPC/JEDEC standard for moisture and reflow sensitivity classification for
nonhermetic solid state surface-mount devices

Both documents are available on JEDEC.ORG
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES
Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.
TI’s provision of TI Resources does not expand or otherwise alter TI’s applicable published warranties or warranty disclaimers for TI
products, and no additional obligations or liabilities arise from TI providing such TI Resources. TI reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.
You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such TI products as used in such applications. TI has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.
You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your noncompliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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