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Introduction

Zener diodes are widely used in many DC voltage regulation applications. In these cases, the power capabilities
of the device can become extremely crucial since inefficient power capacity can lead to excessive heat
generation, ultimately damaging the diode and other nearby components. Tl has solved this challenge by
creating a high power Zener diode in the most widely used package on the market, SOT-23. The SOT-23 is a
3-pin package that is roughly 2.9mm x 2.4mm with leads. Due to the material makeup of the device and the
unique lead frame, the thermal performance is almost 50% better. Having a better thermal performance leads
to having an overall higher power dissipation. The following sections detail the steps in how Tl created a high
power SOT-23 Zener, the competitive analysis that was conducted during the process, and a walk through of an
application example.

Competitive Analysis

The SOT-23 package has been dominant in the Zener market for decades. This package offers flexibility to
house many different types of diodes and multichannel variants. The challenge with the package, however, is the
limitation in power output which is why the market is primarily capped at 300mW for SOT-23 Zeners. The main
contributor to power dissipation is the device's thermal performance, specifically the Rgja. Rgya is the junction

to ambient thermal resistance which measures the thermal performance of a package mounted on a specific
test coupon, typically a FR-4 printed circuit board with single sided copper. The test coupon allows for easy
comparability between companies.

A lower Rgyp indicates the package can transfer heat more easily between junction and ambient temperatures,
meaning the package is more thermally efficient. This prevents device overheating and can potentially extend
the lifespan of the device. As shown in Table 1, there is a noticeable difference between TI's Rg 5 and a few
competitors on the market today. Competitor C uses a different package that is the next highest in terms of
power dissipation. This is included to show that Tl's SOT-23 can compete in the SOD-123 Zener space as well
even with the SOT-23 having a 20% smaller body size.

Table 1. Competitive Analysis for Zener Diodes

TI Competitor A Competitor B Competitor C
ReJa 285.5°C/W 417°C/W 500°C/W 338°C/W
Pp 430mw 300mw 250mw 370mw
Package SOT-23 SOT-23 SOT-23 SOD123
Body Area 3.8mm? 3.8mm? 3.8mm? 4.8mm?

In Table 1, power dissipation (Pp) is also shown. To calculate the overall power dissipation of the device, the
following equation is used, with T being junction temperature and T, as ambient temperature. Using a max
junction temperature limit of 150°C and ambient temperature of 25°C with the Rga listed above, the power
dissipation can be calculated. This holds true for all values listed in Table 1.

T;=Ta+(PpxRgja) (1)
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Material Composition

To overcome the challenge of power dissipation, especially in small packages, the material composition
becomes crucial. This involves lead frame material, mount compound, mold compound, and so forth. In terms

of the competitive landscape, Iron-Nickel alloy lead frames have been adopted, however, this has a low thermal
conductivity. Iron-Nickel alloy is a material that has been used for decades and is known to have delamination
and solder joint issues due to the material and construction. As an alternative, copper alloy lead frame materials
present much higher thermal conductivity. Because of this material difference, Tl's SOT-23 Zener diodes perform
better at longer durations, this can be seen in Figure 1. The figure compares the Rg s over time between the Tl
SOT-23 package and a competitor SOT-23 package. When conducting the thermal analysis, a few parameters
such as die thickness, die attach, lead frame material, and lead frame design were kept as actual construction.
Die size and PCB were constants to have an accurate comparison between the two devices.

Figure 1. SOT-23 Package Thermal Comparison

Based on Figure 1, the competitor device does perform a little better at short durations. This is because of the
die attach material. Die attach being the material used to connect the die to the lead frame. The competitor
device is using pure silver and backside plating which allows for better thermal conductivity at short durations but
can be a more costly route. The image below shows the material composition of the die attach for the competitor
device, with majority of the makeup being silver (Ag). An alternative to a pure silver die attach is using silver
epoxy instead. Silver epoxy does not offer the same level of thermal conductivity, but the epoxy does allow for
faster manufacturing times and improved reliability. There are always tradeoffs when designing a device, but for
our case, the route taken led to a huge advantage in power dissipation.

Figure 2. Die Attach Composition
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Lead Frame Design

Another contributor to thermal performance is the design of the lead frame. The two common lead frame designs
for SOT-23 are shown below in the figures. The designs are commonly referred to as either a standard lead
frame or a split lead frame. A standard lead frame has a large middle paddle that the die sits on and is bonded to
the outer paddles. To place a die on the outer paddles with the standard lead frame design is not possible due to
size constraints. A split lead frame is when the lead frame is not a continuous structure but rather split or divided.
For a split SOT-23 lead frame, the die can either sit on the middle paddle or the outer paddles depending on
device configuration. Comparing the two lead frame styles, the standard lead frame clearly has a larger middle
paddle. This larger paddle allows for better heat dissipation resulting in overall better thermal performance.

Figure 3. SOT-23 Standard Lead Frame Figure 4. SOT-23 Split Lead Frame

Applications

Higher power Zener diodes can be useful in many applications, such as medical equipment, power tools,

smart meters, and advanced driver assistance systems (ADAS). Specific to ADAS systems, higher power Zener
diodes, between 350mW and 500mW are commonly used for reverse battery protection. In these designs, a
SOD123 Zener diode is typically used due to the higher power capabilities, but Tl can reach those same power
capabilities in a SOT-23 package. Both SOT-23 and SOD123 take up a similar amount of space on a PCB but
SOT-23 has a lower profile, smaller body size area, and is more cost-efficient.

Looking at the schematic below from the TIDA-050008 Reference Design for ADAS, a 15V, 370mW SOD-123
Zener diode is being used to clamp the voltage of the comparator during over-voltage events. The main purpose
of clamping the comparator supply voltage is to not exceed the max gate to source voltage (Vs (vax)) of the
MOSFET. In this application, TI's BZX84C15V-Q1 (also have a commercial version) which is a 15V, 430mW
SOT-23 Zener diode can easily replace the current Zener.
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Figure 5. Reverse Battery Protection for ADAS

Summary

As PCB sizes become more space constraint, applications grow more power-hungry, and project bill of materials
become more complex, the importance of optimizing power out of smaller and commonly used packages
continues to grow. Tl has achieved this with the introduction of a high power SOT-23 and helping to consolidate
power needs from other packages like SOD123. By optimizing choices in materials to the design of the lead
frame, our SOT-23 Zener diodes are better equipped to tackle many of our customers challenges. For more
information on Tl's Zeners, check out our page here.

Trademarks
All trademarks are the property of their respective owners.

4 Why Use Tl Zener Diodes for High Power Applications SLVAFX7 — JULY 2025
Submit Document Feedback

Copyright © 2025 Texas Instruments Incorporated


https://www.ti.com/product-category/passive-discrete/diodes/zener-diodes/overview.html
https://www.ti.com
https://www.ti.com/lit/pdf/SLVAFX7
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVAFX7&partnum=

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 Tl 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. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl 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 Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated


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

	Trademarks



