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芯 洲 科 技  
Silicon Content Technology 

 

3.8V-36V Vin, 3A Synchronous Step-down DCDC Converter with EMI Reduction 

FEATURES 
• Qualified for Automotive Applications 

• AEC-Q100 Qualified with the Following Results: 
- Device Temperature Grade 1: -40°C to 125°C 

  Ambient Operating Temperature Range 
- Device HBM ESD Classification Level H2 
- Device CDM ESD Classification Level C3B 

• 3.8V-36V Wide Input Voltage Range 

• Up to 3A Continuous Output Load Current 

• EMI Reduction  

o Proprietary Gate Design for Switching Node 
Ringing-free 

o Frequency Spread Spectrum (FSS) 

• Pulse Skipping Mode (PSM) with 22uA Quiescent 
Current in Light Load Condition  

o Up to 79% Efficiency at 1mA Light Load 

o Up to 89% Efficiency at 10mA Light Load 

• 0.8V ±1.5% Feedback Reference Voltage 

• Fully Integrated 74mΩ Rdson High Side MOSFET 
and 40mΩ Rdson Low Side MOSFET 

• 1uA Shut-down Current 

• 400kHz Switching Frequency 

• Precision Enable Threshold for Programmable 
UVLO Threshold and Hysteresis 

• Output Over Voltage Protection 

• Thermal Shutdown Protection at 170°C 

APPLICATIONS 
• Automotive System  

• Industrial Control System 

DESCRIPTION 
The SCT
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REVISION HISTORY  
Revision 1.0: Production. 

Revision 1.1: Update Shutdown current in EC table. 

Revision 1.2: Update DEVICE ORDER INFORMATION. 

DEVICE ORDER INFORMATION  

ORDERABLE 
DEVICE  

PACKAGING 
TYPE  

STANDARD 
PACK QTY 

PACKAGE 
MARKING 

PINS 
PACKAGE 

DESCRIPTION 

SCT9431QFSAR Tape & Reel 5000 9431Q 9 FCQFN2x3-9 

ABSOLUTE MAXIMUM RATINGS 
Over operating free-air temperature unless otherwise noted(1) 

 

PIN CONFIGURATION 
 

DESCRIPTION MIN MAX UNIT 
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Top View: FCQFN2X3-9L 

BST -0.3 48 V 
 

VIN, SW, EN 
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BST 6 
Power supply for the high-side power MOSFET gate driver. Must connect a 0.1uF or 
greater ceramic capacitor between BST pin and SW node.   
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ELECTRICAL CHARACTERISTICS 
VIN=12V, TJ=-40°C~150°C, typical value is tested under 25°C.  
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Enable and Start up 
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APPLICATION INFORMATION 

Typical Application 

 

SCT9431Q

 

Figure 9. 12V Input, 5V/3A Output with Internal Compensation 

Design Parameters 

 
  

Design Parameters Example Value 

Input Voltage 12
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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 and a 0.1μF ceramic bypass capacitor is recommended to be placed as close as possible 
to the VIN pin of the SCT9431Q.  
 
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 sure the input 
voltage ripple less than 100mV. Generally, a 35V/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 SCT9431Q 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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loss. For a certain inductor, larger current ripple generates higher DCR and ESR conduction losses and higher core 
loss.  
 
Output Capacitor Selection 
 
For buck converter, the output capacitor value determines the regulator pole, the output voltage ripple, and how the 
regulator responds to a large change in load current. The output capacitance needs to be selected based on the 
most stringent of these three criteria. 
 
For small output voltage ripple, choose a low-ESR output capacitor like a ceramic capacitor, for example, X5R and 

X7R family. Typically, 1～2x 22μF ceramic output capacitors work for most applications. Higher capacitor values 

http://www.silicontent.com/


SCT9431Q 

 

For more information www.silicontent.com    © 2022  Silicon Content Technology Co., Ltd.   All Rights Reserved        13     

Product Folder Links:  SCT9431Q  

Output Feed-Forward Capacitor Selection 
 
The SCT9431Q has the internal integrated loop compensation as shown in the function block diagram. The 
compensation network includes a 18k resistor and a 7.6nF 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 SCT9431Q features external programmable output voltage by using a resistor divider network R1 and R2 as 
shown in the typical application circuit Figure 9. 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 is the recommend external components for the application with integrated loop compensation for SCT9431Q. 
 

Table 1. Recommended External Components with Internal Compensation 

Vout L1 COUT R1 R2 Rt R3 C4 

1.2V 2.2uH 3*22uF 15k 30k 2k 1k / 

3.3V 5.6uH 3*22uF 95k 30k 2k 1k 47pF 

5V 6.8uH 3*22uF 158k 30k 2k
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Where: 

• Tv(S) is the voltage loop 

• Ti(S) is the current loop 

• K(S) is the voltage sense gain 

• -Av(S) is the feedback compensation gain 

• He(S) is the current sampling function 

• Fm is the PWM comparator gain 

• Vin is the DC input voltage 

• D is the duty cycle 

• Rc is the ESR of the output capacitor, COUT 

• Ro is the output load resistancev̂in is the AC small-signal input voltage 

• i ̂ in is the AC small-signal input current 

• d̂ is the modulation of the duty cycle 

• i ̂ L is the AC small signal of the inductor current 

• v̂o is the AC small signal of output voltage 

• v̂comp is the AC small signal 
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The goal of loop compensation design is to achieve: 

• High DC Gain 

• Gain Margin less than -10dB 

• Phase Margin greater than 45° 

• Loop Bandwidth Crossover Frequency (fc) less than 40kHz (10% of fsw) 
 
The loop gain at crossover frequency of fc has a unity gain. Therefore, the compensator resistance R3 is 
determined by equation below. A recommended rule of thumb is to set the crossover frequency to be approximately 
1/5 to 1/10 of switching frequency. 
 

𝑅3 =
2𝜋 ∙ 𝑓𝑐 ∙ 𝑉𝑜𝑢𝑡 ∙ 𝐶𝑜 ∙ 𝑅𝑡

𝑔𝑚
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Application Waveforms 

Vin=12V, Vout=5V, unless otherwise noted 

 
Figure 13. Power up(Iload=3A) 

 
Figure 14. Power down(Iload=3A) 

 
Figure 15.Enable (Iload=3A) 

 
Figure 16. Enable (Iload=10mA) 

 

 
Figure17. Normal to Hard Short 

 

Figure 18. Hard Short Recovery 
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Application Waveforms(continued) 

Vin=12V, Vout=5V, unless otherwise noted 

 
Figure 19. Load Transient (0.75A-2.25A, 1.6A/us) 

 
Figure 20. Load Transient (0.3A-2.7A, 1.6A/us) 

 

 
Figure 21. Output Ripple (Iload=10mA) 

 
Figure 22. Output Ripple (Iload=0.1A) 

 

 
 

Figure 23. Output Ripple (Iload=3A) 

 

Figure 24. Thermal, 12VIN, 5Vout, 3A 
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Layout Guideline 

Figure 25 and Figure 26 are the recommended PCB layout of SCT9431Q with or without external compensation 
network. 

1. The SCT9431Q works at 3A load current so heat dissipation is a major concern in the layout of the PCB. 
2oz copper for both the top and bottom layers is recommended. 

2. Place the input capacitors as closely across VIN and GND as possible. 
3. Place the inductor as close to SW as possible. 
4. Place the output capacitors as close to GND as possible. 
5. Place the feedback components as close to FB as possible. 
6. If using four or more layers, use at least the 2nd and 3rd layers as GND to maximize thermal performance. 
7. Add as many vias under both the thermally exposed GND pad and GND plane for heat dissipation to all the 

GND layers. 
8. Add as many vias under both the thermally exposed VIN pad and VIN plane for heat dissipation to all the 

VIN layers. 

6

5

7

1

3

4

2

9 8

SW

GND

NC

BST

PG
COMP

FB

EN

VIN

   

VOUT

VIN GND

 

Figure 25. PCB Layout Example for application with internal compensation 
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Figure 26. PCB Layout Example for application with external compensation 
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PACKAGE OUTLINE DRAWING FOR 9L FCQFN (2X3MM)

POD-0005 Revision 0.0

SIDE VIEW

BOTTOM VIEW

NOTE:

1) THE LEAD SIDE IS WETTABLE.

2) ALL DIMENSIONS ARE IN MILLIMETERS.

3) LEAD COPLANARITY SHALL BE 0.08 

MILLIMETERS MAX.

4) JEDEC REFERENCE IS MO-220.

5) DRAWING IS NOT TO SCALE.

PIN 1 ID 

MARKING

TOP VIEW

PIN 1 ID

INDEX AREA

RECOMMENDED LAND PATTERN

SECTION A-A

PIN 1 ID

R0.15 TYP.
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TAPE AND REEL INFORMATION 
 
 

 

SYMBOL 
MILLIMETER 

MIN NOM MAX 

A 328 330 332 

N 99 100 101 

W1 12.4 - - 

W2 - - 19.4 
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