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LOAD CAPACITOR STABILITY BOUNDARY OF SHUNT REGULATOR 

 

Introduction 

 

Industry standard 431 has a band-gap voltage reference and error amplifier. It features sharp turn-on characteristics, low temperature coefficient 

and low output impedance, which make it ideal substitute for Zener diode in applications such as switching power supply, charger and other 

adjustable regulators. 

 

This article is mainly describing the application considerations of how to choose the proper load capacitor where accurate voltage reference is 

needed. 

 

Figure 1. Function Block of AZ431-A 

 

 

Typical Application Circuits 

 

Figure 2 and Figure 3 are typical shunt regulator applications with load capacitor.  
 
In Figure 2, VKA = VREF. In Figure 3, VKA = VREF(1+R3/R2)+IREF×R3. 
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                                            Figure 2. VKA = VREF                                                                                            Figure 3. VKA > VREF 
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Application Hints 

 

For the proper work of shunt regulator at this application, load capacitor should be set carefully for good output precision.  

 

Usually, a Load Capacitor vs. Cathode Current curve can be found at the datasheet. If not, please ask related engineer for the graph. Take AZ431-

A for example (Figure 4), this diagram shows four different VKA conditions, that is VKA = VREF, VKA = 5V, VKA = 10V and VKA = 15V. For each 

condition, the area between the boundary curves is unstable. That means you can’t choose the capacitor value work at that cathode current 

condition. For example, if the load capacitor is 0.022μF, cathode current = 1mA is unstable while 10mA is stable. If VKA > 15V, there will be no 

capacitor limit, all capacitor is stable. 

 

Generally, different shunt regulator has different load capacitor boundary, though they have the same function or performance. Figure 5 is AZ431-B 

load capacitor boundary graph, apparently it is different from AZ431-A. The reason is that this capacitor will affect the Zero/pole of circuit, some 

capacitors may cause the circuit oscillation. 

 

To ensure the good regulation of shunt regulator, it is high recommended choosing the capacitor to keep a distance from the unstable area for the 

capacitor error limit or other worse case conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. AZ431-A                                                                            Figure 5. AZ431-B 

 

In summary, load capacitor may cause the output oscillation of system. Please make sure to choose the right capacitor value at the stable area. 
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Appendix 

 

Generally, IC provider datasheet shows a typical stability boundary at room temperature. Actually, this boundary may slightly shift by temperature or 

fabrication process. So here, we provide a fully stability boundary taking temperature (TA = -40°C to +85°C) and other relative factors into account. 

 

 
  

Figure 6. Test Circuit 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 7. AZ431-A Stability Boundary                                                   Figure 8. AZ431-B Stability Boundary 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. AS431I Stability Boundary                                                   Figure 10. AZ431L Stability Boundary 

 

AZ431-A covers AN431 stability conditions and AZ431L covers AZ432 stability conditions. 
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IMPORTANT NOTICE 
 
DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT, 
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE 
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).   
 
Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes 
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the 
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or 
trademark rights, nor the rights of others.  Any Customer or user of this document or products described herein in such applications shall assume 
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated 
website, harmless against all damages.   
 
Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel. 
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and 
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or 
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application. 
 
Products described herein may be covered by one or more United States, international or foreign patents pending.  Product names and markings 
noted herein may also be covered by one or more United States, international or foreign trademarks. 
 
This document is written in English but may be translated into multiple languages for reference.  Only the English version of this document is the 
final and determinative format released by Diodes Incorporated. 
 

LIFE SUPPORT 
 
Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express 
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein: 
 
A.   Life support devices or systems are devices or systems which: 
 
 1. are intended to implant into the body, or 
 

2. support or sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the 
      labeling can be reasonably expected to result in significant injury to the user. 

 
B.   A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the   
      failure of the life support device or to affect its safety or effectiveness. 
 
Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and 
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products and any 
use of Diodes Incorporated products in such safety-critical, life support devices or systems, notwithstanding any devices- or systems-related 
information or support that may be provided by Diodes Incorporated.  Further, Customers must fully indemnify Diodes Incorporated and its 
representatives against any damages arising out of the use of Diodes Incorporated products in such safety-critical, life support devices or systems. 
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