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ABSTRACT
The TL431LI is TI’s latest addition to its adjustable shunt regulator family. This device is an alternative and
offers improvements over its industry standard counterparts which make it more design friendly.
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Improved system accuracy due to very low reference current
– Iref = 0.8 μA (max)
– II(dev)= 0.4 μA (max)
Improved Stability

TL431LI Improved System Accuracy
The TL431LI allows for improved system accuracy over the industry standard TL431 due to its decrease in
Iref and II(dev). The accuracy advantage due to this lower Iref can be seen in AC/DC or DC/DC optocoupler
applications. Figure 1 shows a typical example of an AC/DC isolated optocoupler application. In this
application the accuracy of the output is dependent on the error of the feedback loop which includes the
errors from the TL431LI, optocoupler, and external resistors. Managing this area can often be a challenge
to designers when the shunt regulator contributes a high error of 1% or greater over temperature.
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Figure 1. Typical AC/DC Isolated Optocoupler with A/TL431LI
Looking at the output voltage of a shunt regulator in Equation 1, the deviation of Iref at 25C has a direct
effect on accuracy depending on the value of R1. The accuracy advantage of the TL431LI comes from a
direct reduction of Iref from 4μA (max from 431 competition) to 0.8μA (max) which is a 5x reduction.
R1
VKA VREF (1
) (I REF u R1)
(1)
R2
Table 1 shows a comparison of the accuracy of an industry standard TL431 and the TL431LI in terms of
Iref. When performing error budgeting, due to the lot to lot variation, the maximum possible current values
must be taken into account. In the case of a 5V Vout, the error of the system can be reduced by using a
TL431LI.
Table 1. TL431LI IREF Error Calculation Comparison
IREF

R1

mV Error of a 5V
Output

Percent Error of a 5V
Output

ppm Error of a 5V
Output

Industry
Standard
TL431

4.0 μA

10 kΩ

40 mV

0.80 %

8000 ppm

TL431LI

0.8 μA

10 kΩ

8 mV

0.16 %

1600 ppm

The lowered Iref accuracy advantage is also reflected in the Iref tolerance over temperature, II(dev), as the
TL431LI has a lower tolerance which can result in a lower error. By looking at the Iref and II(dev) errors
combined it is possible to have a more precise and accurate output by using the TL431LI.
Table 2. TL431LI II(dev) Error Calculation Comparison
II(dev)

R1

mV Error of a 5V
Output

Percent Error of a 5V
Output

II(dev) ppm Error

Industry
Standard
TL431

2.5 μA

10 kΩ

25 mV

0.50 %

30 ppm/C

TL431LI

0.4 μA

10 kΩ

4 mV

0.08 %

5 ppm/C

One of the drawbacks of a shunt regulator is the overall high error due to the high initial accuracy and
temperature coefficient. With the TL431LI it is possible to lower the BOM cost and/or increase the system
accuracy and efficiency compared to an industry standard TL431. Typically the main selection of a shunt
regulator depends on the accuracy and temperature grade. The most common industry initial accuracy
grades are 2%, 1%, and 0.5%. If the total error of a shunt regulator can be improved by at least 0.5% by
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using the TL431LI due to its improved Iref and II(dev) then it is possible to realize system cost benefits. For
example, a 0.5% TL431 can be replaced by a 1% TL431LI achieve similar system accuracy due to the
lower Iref error improving the over all accuracy of the TL431LI by 0.5%. The improvement in accuracy for
error budgeting can also be spread to the accuracy tolerances of the R1/R2 resistors as they can also be
less accurate to yield additional cost savings or increased for power savings.
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TL431LI Stability
In the Industry standard TL431, stability is one of the most common design challenges. Due to the low
system BOM cost nature of these devices, there are boundaries of instability that are dependent on the
CLoad on the VKA pin. One problem with stability is that the industry is not consistent on the areas of stability
due to each company having their own variation. Typical TL431 stability charts have a large boundary of
instability at low currents and low Vka. The result of this is that very large CLOAD values must be used to
ensure stability and decoupling or a very small capacitor with reduced decoupling effects. Also the area of
instability varies from lot to lot and temperature so it is always important to add a margin of error from the
instability line to ensure that there is significant margin.

IKA - Cathode Current - mA

15
A VKA = VREF
B VKA = 5 V
12 C VKA = 10 V

9
Stable

A

6
B
3
C
0
0.001

0.01
0.1
1
CL - Load Capacitance - µF

10
Copy
Stab

Figure 2. Stability Boundary Conditions for TL431LI
In the TL431LI, here has been an improvement in stability as depicted in Figure 2. This improvement
allows for designers to be able to use a 1μF CLoad at voltage outputs while still maintaining stability at no
CLoad conditions. Due to this, the TL431LI is more design friendly than industry standard TL431s that
cannot tolerate a 1μF CLoad.
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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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