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3.8V-28V Vin, 3A Synchronous Step-down DCDC Converter with EMI Reduction 

FEATURES 
• EMI Reduction with Switching Node Ringing-free 

• 400kHz Switching Frequency with 6% Frequency 
Spread Spectrum (FSS)  

• Forced PWM mode with 200uA Quiescent Current 
in Light Load Condition  

• 3.8V-28V Wide Input Voltage Range 

• Up to 3A Continuous Output Load Current 

• 0.8V ±1% Feedback Reference Voltage 

• Fully Integrated 80mΩ Rdson High Side MOSFET 
and 42mΩ Rdson Low Side MOSFET 

• 1uA Shut-down Current 

• 80ns Minimum On-time 

• Precision Enable Threshold for Programmable 
UVLO Threshold and Hysteresis 

• 4ms Built-in Soft Start Time 

• Output Over Voltage Protection 

• Thermal Shutdown Protection at 160°C 

• 
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ELECTRICAL CHARACTERISTICS 
VIN=12V, TJ=-40°C~125°C, typical value is tested under 25°C.  

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

Power Supply and Output 

VIN Operating input voltage  3.8  28 V 

VIN_UVLO 
Input UVLO VIN rising  3.4  V 

Hysteresis   270  mV 

ISD Shutdown current EN=0, No load, VIN=12V  1 5 uA 
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TYPICAL CHARACTERISTICS  
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FUNCTIONAL BLOCK DIAGRAM 
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Figure7. Functional Block Diagram 

 

 
 

  

http://www.silicontent.com/


SCT2331C 

 

For more information www.silicontent.com    © 2024  Silicon Content Technology Co., Ltd.   All Rights Reserved        7     

Product Folder Links:  SCT2331C  

OPERATION 

Overview 

The SCT2331C device is 3.8V-28V input, 3A output, EMI friendly, fully integrated synchronous buck converters. The 
device employs fixed frequency peak current mode control. An internal clock with 400kHz frequency initiates turning 
on the integrated high-side power MOSFET Q1 in each cycle, then inductor current rises linearly and the converter 
charges output cap. When sensed voltage on high-side MOSFET peak current rising above the voltage of internal 
COMP 
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An internal 1uA pull up current source connected from internal LDO power rail to EN pin guarantees that floating 
EN pin automatically enables the device. For the application requiring higher VIN UVLO voltage than the default 
setup, there is a 4.2
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Low Drop-out Regulation 

To support the application of small voltage-difference between Vout and Vin, the Low Drop Out (LDO) Operation is 
implemented by the SCT2331C. When VIN is close to output voltage and minimum off time is triggered, switching 
on time will be extended to avoid output voltage drops, switching frequency will decrease accordingly. After 
maximum On-time (Typ.25μs) is triggered, SW will be in max duty cycle (Typ. 99.5%) operation. Thus, the effective 
duty cycle of the switching regulator during Low Drop-out LDO operation can be very high as shown in Figure 10.  

 
Figure 10. SCT2331C LDO Mode Waveform 

During ultra-low voltage difference of input and output voltages, i.e., the input voltage ramping down to power down, 
the output can track input closely thanks to LDO operation mode.  

The minimum operating frequency limit of about 40KHz can also effectively prevent audio noise interference caused 
by switching frequency when working with large duty cycle. 

Thermal Shutdown 

Once the junction temperature in the SCT2331C exceeds 160°C, the thermal sensing circuit stops converter 
switching and restarts with the junction temperature falling below 135°C. Thermal shutdown prevents the damage 
on device during excessive heat and power dissipation condition. 
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APPLICATION INFORMATION 

Typical Application 
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Figure 11. 12V Input, 5V/3A Output 

Design Parameters 

 
  

Design Parameters Example Value 

Input Voltage 12V normal, 5.5V~28V 

Output Voltage 5V 

Output Current 3A 

Output voltage ripple (peak to peak) ±8mV 

Switching Frequency 400kHz 
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Input Capacitor Selection 
 
For good input voltage filtering, choose low-ESR ceramic capacitors. A ceramic capacitor 10μF is recommended for 
the decoupling capacitor anda0.1μF ceramic bypass capacitor is recommended to be placed as close as possible 
to the VIN pin of the SCT2331C.  
 
Use Equation 3 to calculate the input voltage ripple:  

∆𝑉𝐼𝑁 =
𝐼𝑂𝑈𝑇

𝐶𝐼𝑁 × 𝑓𝑆𝑊

×
VOUT

VIN

× (1 −
𝑉𝑂𝑈𝑇

𝑉𝐼𝑁

) 

(3) 

 
Where: 

• CIN is the input capacitor value 

• fsw is the converter switching frequency 

• IOUT is the maximum load current 
 

Due to the inductor current ripple, the input voltage changes if there is parasitic inductance and resistance between 
the power supply and the VIN pin. It is recommended to have enough input capacitance to make the input voltage 
ripple less than 100mV. Generally, a 50V/10uF input ceramic capacitor is recommended for most of applications. 
Choose the right capacitor value carefully with considering high-capacitance ceramic capacitors DC bias effect, 
which has a strong influence on the final effective capacitance. 
 
Inductor Selection 

The performance of inductor affects the power supply’s steady state operation, transient behavior, loop stability, and 
buck converter efficiency. The inductor value, DC resistance (DCR), and saturation current influences both efficiency 
and the magnitude of the output voltage ripple. Larger inductance value reduces inductor current ripple and 
therefore leads to lower output voltage ripple. For a fixed DCR, a larger value inductor yields higher efficiency via 
reduced RMS and core losses. However, a larger inductor within a given inductor family will generally have a greater 
series resistance, thereby counteracting this efficiency advantage. 
 
Inductor values can have ±20% or even ±30% tolerance with no current bias. When the inductor current approaches 
saturation level, its inductance can decrease 20% to 35% from the value at 0-A current depending on how the 
inductor vendor defines saturation. When selecting an inductor, choose its rated current especially the saturation 
current larger than its peak current during the operation. 
 
To calculate the current in the worst case, use the maximum input voltage, minimum output voltage, maxim load 
current and minimum switching frequency of the application, while considering the inductance with -30% tolerance 
and low-power conversion efficiency. 
 
For a buck converter, calculate the inductor minimum value as shown in Equation 4. 

𝐿𝐼𝑁𝐷𝑀𝐼𝑁 =
𝑉𝑂𝑈𝑇 × (𝑉𝐼𝑁𝑀𝐴𝑋 − 𝑉𝑂𝑈𝑇)

𝑉𝐼𝑁𝑀𝐴𝑋 × 𝐾𝐼𝑁𝐷 × 𝐼𝑂𝑈𝑇 × 𝑓
𝑆𝑊

 
(4) 

 
 
Where:  

• KIND is the coefficient of inductor ripple current relative to the maximum output current. 
 
Therefore, the peak switching current of inductor, ILPEAK, is calculated as in Equation 5. 

                                               𝐼𝐿𝑃𝐸𝐴𝐾 = 𝐼𝑂𝑈𝑇 + 𝐾𝐼𝑁𝐷 ×
𝐼𝑂𝑈𝑇

2
  (5) 

 
Set the current limit of the SCT2331C higher than the peak current ILPEAK and select the inductor with the saturation 
current higher than the current limit. The inductor’s DC resistance (DCR) and the core loss significantly affect the 
efficiency of power conversion. Core loss is related to the core material and different inductors have different core 
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Output Feed-Forward Capacitor Selection 
 
The SCT2331C has the internal integrated loop compensation as shown in the function block diagram. The 
compensation network includes a 72kohm resistor and a 1nF capacitor. Usually, the type II compensation network 
has a phase margin between 60 and 90 degree. However, if the output capacitor has ultra-low ESR, the converter 
results in low phase margin. To increase the converter phase margin, a feed-forward cap Cff is used to boost the 
phase margin at the converter cross-over frequency fc. Equation 10 is used to calculate the feed-forward capacitor. 
 

𝐶𝑓𝑓 =
1

2𝜋 ∙ 𝑓
𝐶

× 𝑅1
 (10) 

 
Output Feedback Resistor Divider Selection 
 
The SCT2331C features external programmable output voltage by using a resistor divider network R1 and R2 as 
shown in the typical application circuit Figure11. Use Equation 11 to calculate the resistor divider values. 
 

𝑅1 =
(𝑉

𝑂𝑈𝑇
− 𝑉𝑟𝑒𝑓) × 𝑅2

𝑉𝑟𝑒𝑓
 (11) 

 
Set the resistor R2 value to be approximately 30k. Slightly increasing or decreasing R1 can result in closer output 
voltage matching when using standard value resistors. 
 

Table 1. Recommended External Components 

Vout L1 COUT R1 R2 

3.3V 6.5uH 3*22uF 93.5k 30k 

5V 10uH 3*22uF 158k 30k 

12V 22uH 3*22uF 422k 30k 
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Application Waveforms 
VIN=12V, VOUT=5V, unless otherwise noted 

 

 
Figure 12. Power up (ILOAD=3A) 

 
Figure 13. Power down (ILOAD=3A) 

 
Figure 14. EN toggle (ILOAD=50mA) 

 
Figure 15. EN toggle (ILOAD=3A) 

 

 
Figure 16. Over Current Protection (1A to hard short) 

 
Figure 17. Over Current Release (hard short to 1A) 
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Application Waveforms 
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Layout Guideline 

The regulator could suffer from instability and noise problems without carefully layout of PCB. Radiation of high- 
frequency noise induces EMI, so proper layout of the high-frequency switching path is essential. Minimize the length 
and area of all traces connected to the SW pin, and always use a ground plane under the switching regulator to 
minimize coupling. The input capacitor needs to be very close to the VIN pin and GND pin to reduce the input supply 
ripple. Place the capacitor as close to VIN pin as possible to reduce high frequency ringing voltage on SW pin as 
well. Figure 24 is the recommended PCB layout of SCT2331C. 

The layout needs be done with well consideration of the thermal. A large top layer ground plate using multiple 
thermal vias is used to improve the thermal dissipation. The bottom layer is a large ground plane connected to the 
top layer ground by vias. 
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Figure 24. PCB Layout Example 
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TAPE AND REEL INFORMATION 
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