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Power modules are becoming increasingly popular in many market segments – the ability to buy a power supply 
that already includes the switching inductor is a big advantage. The main reasons engineers are choosing power 
modules as opposed to a discrete alternative are:

• Reduced Solution Size. Power Modules are typically smaller than what designers can easily develop on 
their own. The ability to integrate active circuitry under the inductor can significantly reduce solution size and 
enables you to put more functions in a smaller space

• Reduced Development Time. Power Module designers are power experts; they put tremendous effort 
into ensuring the components used in the module are reliable and of the right value to ensure excellent 
performance. They choose the optimal control topology and confirm the layout is of high quality. The result is 
a solution that is robust, high performance and easy to use.

In order for the power module market to continue to expand, the modules need to continue to get smaller and 
include more compelling features.

Power modules are built with several different manufacturing techniques, each with pros and cons. Figure 1 
highlights some of the different approaches, including embedding the integrated circuit (IC) in a laminate, putting 
components onto a laminate and overmolding (or not), or putting components onto a metal leadframe and 
overmolding.

Example of Various Package Types Offered by Texas Instruments

All of these approaches can be designed with the inductor over the active circuit. In the embedded approach, the 
IC is integrated into the laminate and the inductor is placed on top (as in the TI TPS82130). For higher-current, 
laminate and leadframe-based designs (see the TPSM846C24), the active circuitry is placed under a stilted 
inductor. While in theory it is possible to implement these same techniques with a discrete design, in practice it is 
complicated to achieve in volume production.

The embedded approach enables the smallest module size for a given power level, but thermal limitations of the 
power IC in the laminate reduce the amount of power that this packaging technique can handle. Using a stilted 
inductor is also not a good approach when you need lower-current small-chip inductors.

Another factor to consider when developing a power module is how the IC is packaged. An unpackaged IC is 
best, as it is smaller and costs less than a packaged alternative. But it is more difficult to handle and test in 
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production, and until now has not been a common approach. Most power modules either embed the silicon in 
the laminate and place the inductor over the top, or use a packaged IC mounted onto a leadframe or laminate.

In order to address the need for small size and good thermals, TI has added a new package approach to 
its portfolio. Called flip chip on leadframe (FCOL), a bumped die is mounted onto a leadframe along with 
passive components and then overmolded. TI has just released its first product with this new technology, the 
TPSM84209. (See Figure 2 for a look at how the module looks from the inside and outside.)

A More Detailed Look at the inside and outside of the TPSM84209 Power Module

Here are the advantages:

Smaller Package Size.

The TPSM84209 is in a 4x4.5x2mm package. This is the smallest 28V/2.5A power module on the market. With 
FCOL technology – the solution is smaller than if a discrete solution was used to implement the same circuit

Overmolded Package.

Some engineers like to use an overmolded package. In select applications it is preferable for there to be no 
exposed active circuitry. Aplastic overmold also improves thermals

Improved Thermals.

The Θja of the TPSM84209 is just 32.7°C/W vs 46.1°C/W for the TPS82130 (a 17V/3A embedded MicroSiPTM 

module). This allows higher output currents at higher temperatures (see Figures 3 and Figure 1)

Good Emi.

Because the IC is mounted on a metal leadframe that is soldered directly to the printed circuit board 
(PCB), it is possible to design very small products that meet Comité International Spécial des Perturbations 
Radioélectriques (CISPR) 11 specifications. The evaluation module (EVM) for the TPSM84209 has gone through 
electromagnetic interference (EMI) testing at an approved Underwriters Laboratories (UL) lab and it passes 
CISPR11 up to Class B.

Excellent Reliability.

Like all of TI’s modules, the TPSM84209 has gone through an extensive manufacturing qualification process 
which includes tests such as high temperature storage, life test, biased humidity and board-level reliability. The 
package/device is specified to moisture sensitivity level (MSL) 3 and 260°C/3X reflow.
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Figure 1. TPSM84209 Efficiency vs Output Current

Figure 2. Safe Operating Area 12Vin, 5Vout

There is no single package technology that is suitable for every product or application requirement.  TI uses 
several different technologies to enable the optimal module performance at different power levels. The new 
FCOL package is a good new option for when size is a key concern. Get more information on TI’s DC/DC power 
module portfolio.

www.ti.com

SSZT739 – APRIL 2018
Submit Document Feedback

Shrink Module Size with Flip Chip on Lead (FCOL) Package Technology 3

Copyright © 2023 Texas Instruments Incorporated

http://www.ti.com/power-management/modules/overview.html?keyMatch=power%20module&tisearch=Search-EN-Everything
http://www.ti.com/power-management/modules/overview.html?keyMatch=power%20module&tisearch=Search-EN-Everything
https://www.ti.com
https://www.ti.com/lit/pdf/SSZT739
https://www.ti.com/feedbackform/techdocfeedback?litnum=SSZT739&partnum=TIDA-01575


IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
resources.
TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated

https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

