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Introduction 
The AL8890 is a synchronous buck converter with internal compensation and switching frequency adjustable up to 2.5MHz. The device 

integrates a 120mΩ high-side power MOSFET and a 55mΩ low-side power MOSFET to provide high-efficiency DC-DC conversion. The 

AL8890 enables a continuous load current of up to 3.5A. The device features current-mode control operation, which enables easy loop 

stabilization to support a wide range of output loading. 
 

The ZXCT1009 is a high-side current sense monitor. Using this device eliminates the need to disrupt the ground plane when sensing a load 

current. It takes a high-side voltage developed across a current shunt resistor and translates it into a proportional output current. A user-

defined output resistor scales the output current into a ground-referenced voltage. 
 

The AL8890 is suitable for direct low-side current-sensing LED drivers requiring constant current output. To change to high-side current 

sensing, the AL8890 can add a high-side current-sense circuit (ZXCT1009) to change the topology from low-side to high-side; see Figure 1. 
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Figure 1. AL8890Q application circuit with ZXCT1009 

 

Current-Sense Resistor 

The current-sense resistor can be calculated as below: 
 

𝑅𝑆𝐸𝑁𝑆𝐸 =
100 ×

𝑉𝐹𝐵
𝑅𝑂𝑈𝑇

𝐼𝐿𝐸𝐷
 

 

Where, 

RSENSE is the high-side current-sense resistor. 

ROUT is the resistor connect to the IOUT pin of the ZXCT1009. 

VFB is the FB reference of the AL8890Q. 

ILED is the constant output current needed by the LED. 
  

High-side RSENSE 
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Input Capacitor 

The input capacitor reduces the surge current drawn from the input supply and the switching noise from the device. The input capacitor must 

sustain the ripple current produced during the on-time on the upper MOSFET. Hence, it must have a low ESR to minimize the losses.  
 

The RMS current rating of the input capacitor is a critical parameter that must be higher than the RMS input current. As a rule of thumb, select 

an input capacitor which has an RMS rating greater than half of the maximum load current. 
 

Due to large di/dt through the input capacitors, electrolytic or ceramics should be used. If a tantalum must be used, it must be surge protected. 

Otherwise, capacitor failure may occur. For most applications, a 10μF ceramic capacitor is sufficient and a 0.1μF parallel capacitor is also 

recommended for improving stability. 

 

Inductor 

Calculating the inductor value is a critical factor in designing a buck converter. For most designs, the following equation can be used to 

calculate the inductor value:  

𝐿 =
𝑉𝐼𝑁(𝑇𝑌𝑃)

4 × ∆𝐼𝐿 × 𝑓𝑆𝑊
 

 

Where ΔIL is the inductor ripple current and fSW is the buck converter switching frequency. 
 

Choose the inductor ripple current to be 30% to 40% of the maximum load current. The maximum inductor peak current is calculated from: 
 

𝐼𝐿(𝑀𝐴𝑋) = 𝐼𝐿𝐸𝐷 +
∆𝐼𝐿
2

 
 

Peak current determines the required saturation current rating, which influences the size of the inductor. Saturating the inductor decreases 

the converter efficiency while increasing the temperatures of the inductor and the internal MOSFETs. Hence, choosing an inductor with the 

appropriate saturation current rating is important. 
 

To achieve the highest efficiency, the inductor’s DC resistance should be as low as possible. Use a larger inductance for improved efficiency 

under light-load conditions. 

 

Output Capacitor 

The output capacitor value depends on the total series resistance of the LED string, rD, and the switching frequency, fSW. The capacitance 

required for the target LED ripple current is calculated using the equation below:  
 

𝐶𝑂 =
∆𝐼𝐿

8 × 𝑓𝑆𝑊 × 𝑟𝐷 × ∆𝐼𝐿𝐸𝐷
 

 

Where ΔILED is the maximum ripple current of ILED. 
 
 

SIMPLIS Simulation Set Up 
Key parameters: 

• VIN=24V, Io=3.5A with 1-5 LEDs 

• FSW=500kHz 

• L=10μH, COUT=30μF, RSENSE=22.8mΩ 

 

 

Figure 2. SIMPLIS schematic set up Io=3.5A, AL8890Q with ZXCT1009 
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Simulation Results 
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Figure 3. One LED load 

 

 

 

 

Figure 4. Three LED loads 

 

 

 

 

Figure 5. Five LED loads 
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IMPORTANT NOTICE 
 
1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, 
WITH REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED 
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY 
INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).   
 
2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products 
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any 
product described herein. This document is intended for skilled and technically trained engineering customers and users who design with 
Diodes’ products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are 
responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their 
intended applications, (c) ensuring their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory 
requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including 
testing, validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to 
minimize the risks associated with their applications.    
 
3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes 
from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated with such 
use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against al l damages 
and liabilities.   
 
4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent 
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign 
trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any 
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this 
document.   
 
5. Diodes’ products are provided subject to Diodes’ Standard Terms and Conditions of Sale 
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document 
does not alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in respect 
of any products purchased through unauthorized sales channel.   
 
6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or 
sale is prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any 
applicable laws or regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any 
damages, losses or penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its representatives 
and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim relating 
to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application. 
 
7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may 
contain technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is 
error-free and Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves 
the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and any 
product described herein. 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. 
 
8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is 
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such 
unauthorized use. 
 
9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice 
 
 
The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries. 
All other trademarks are the property of their respective owners. 
© 2025 Diodes Incorporated. All Rights Reserved. 
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