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SW

8 Switching node of the buck converter.

GND

9 Power ground. Must be soldered directly to ground plane.

RECOMMENDED OPERATING CONDITIONS

Over operating free-air temperature range unless otherwise noted.

PARAMETER DEFINITION MIN MAX UNIT
ViN Input voltage range 3.8 28 V
T; Operating junction temperature -40 125 °C
ESD RATINGS
PARAMETER DEFINITION MIN MAX UNIT
Human Body Model (HBM), per ANSI-JEDEC-JS-001-
R - -2.5 +2.5 kv
v 2014 specification, all pins @
ESP Charged Device Model (CDM), per ANSI-JEDEC-JS-002-
e . -1 +1 kv
2014specification, all pins ™
(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.
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ELECTRICAL CHARACTERISTICS

V = V,T= 2 °C, typical value is tested under 25°C.
SYMBOL | PARAMETER TEST COND ION TYP MAX | UN
Power Supply and Output
\Y, Operating input voltage 3.8 28 \%
VN Uvio Input UVLO V  rising 4 \%
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TYPICAL CHARACTERISTICS

Figure 1. Efficiency vs Load Current, VOUT=5V Figure 2. Efficiency vs Load Current, VOUT=3.3V

Figure
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FUNCTIONAL BLOCK DIAGRAM
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Figure 7. Functional Block Diagram
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OPERATION

Overview

The SCT9330C 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 (see functional block diagram), the device turns off high-side MOSFET Q1 and turns on low-side MOSFET
Q2. The inductor current decreases when MOSFET Q2 is ON. In the next rising edge of clock cycle, the low-side
MOSFET Q2 turns off. This repeats on cycle-by-cycle based.

The peak current mode control with the internal loop compensation network and the built-in 4ms soft-start simplify
the SCT9330C footprints and minimize the off-chip component counts.

The error amplifier serves the COMP node by comparing the voltage on the FB pin with an internal 0.8V reference
voltage. When the load current increases, a reduction in the feedback voltage relative to the reference raises COMP
voltage till the average inductor current matches the increased load current. This feedback loop well regulates the
output voltage. The device also integrates an internal slope compensation circuitry to prevent sub-harmonic
oscillation when duty cycle is greater than 50% for a fixed frequency peak current mode control.

The quiescent current of SCT9330C is 25uA typical under no-load condition and no switching. When disabling the
device, the supply shut down current is only 1uA. The SCT9330C works at Pulse Skipping Mode PSM to further
increase the power efficiency in light load condition, hence the power efficiency can be achieved up to 86% at 5SmA
load condition.

The SCT9330C implements the Frequency Spread Spectrum (FSS) modulation spreading of +6% centered 400kHz
switching frequency. FSS improves EMI performance by not allowing emitted energy to stay in any one receiver
band for a significant length of time. The converter has optimized gate driver scheme to achieve switching node
voltage ringing-free without sacrificing the MOSFET switching time to further damping high frequency radiation EMI
noise.

The hiccup mode minimizes power dissipation during prolonged output overcurrent or short conditions. The hiccup
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In buck converter, the switching node ringing amplitude and cycles are critical especially related to the high
frequency radiation EMI noise. The SCT9330C implements the multi-level
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PSM Working Modes

In heavy load condition, the SCT9330C forces the device operating at forced Pulse Width Modulation (PWM) mode.
When the load current decreasing, the internal COMP net voltage decreases as the inductor current down. With the
load current further decreasing, the COMP net voltage decreases and be clamped at a voltage corresponding to
the 480mA peak inductor current. When the load current approaches zero, the SCT9330C enter Pulse Skipping
Mode (PSM) mode to increase the converter power efficiency at light load condition. When the inductor current
decreases to zero, zero-cross detection circuitry on high-side MOSFET Q1 forces the Q1 off till the beginning of the
next switching cycle. The buck converter does not sink current from the load when the output load is light and
converter works in PSM mode.

Bootstrap Voltage Regulator

An external bootstrap capacitor between BST and SW pin powers floating high-side power MOSFET gate driver.
The bootstrap capacitor voltage is charged from an integrated voltage regulator when high-side power MOSFET is
off and low-side power MOSFET is on.

The floating supply (BST to SW) UVLO threshold is 2.55V rising and hysteresis of 250mV. When the converter
operates with high duty cycle or prolongs in sleep mode for certain long time, the required time interval to recharging
bootstrap capacitor is too long to keep the voltage at bootstrap capacitor sufficient. When the voltage across
bootstrap capacitor drops below 2.3V, BST UVLO occurs. The SCT9330C intervenes to turn on low side MOSFET
periodically to refresh the voltage of bootstrap capacitor to guarantee operation over a wide duty range.

Thermal Shutdown

Once the junction temperature in the SCT9330C 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

—BsST sw
—VIN NC
—EN NC
—INC FB

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

Design Parameters

Design Parameters Example Value
Input Voltage 12V or 24V Normal (6~28V)
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 10uF is recommended for
the decoupling capacitor anda0.1pF ceramic bypass capacitor is recommended to be placed as close as possible
to the VIN pin of the SCT9330C.

Use Equation (3) to calculate the input voltage ripple:

3)
_ Vour (
A= x 8 Vin (=)

Where:

e Civis the input capacitor value

- fswis the converter switching frequency
e lour 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 35V/10uF input ceramic capacitor is recommended for most of applications.
Choose the right capacitor value carefully with
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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 3x 22uF ceramic output capacitors work for most applications. Higher capacitor values
can be used to improve the load transient response. Due to a capacitor’s de-rating under DC bias, the bias can
significantly reduce capacitance. Ceramic capacitors can lose most of their capacitance at rated voltage. Therefore,
leave margin on the voltage rating to ensure adequate effective capacitance.

From the required output voltage ripple, use the equation (6) to calculate the minimum required effective
capacitance, Cour.

~8x x (6)

Where
*  Vourtripple IS OUtput voltage ripple caused by charging and discharging of the output capacitor.
e Alcpp is the inductor peak to peak ripple current, equal to kinp * lour.
e fswis the converter switching frequency.

The allowed maximum ESR of the output capacitor is calculated by the equation (7).
- A @

The output capacitor affects the crossover frequency fc. Considering the loop stability and effect of the internal loop
compensation parameters, choose the crossover frequency less than 55 kHz without considering the feed-forward
capacitor. A simple estimation for the crossover frequency without feed forward capacitor is shown in equation (8),
assuming Cout has small ESR.

72 x x x 0.8
T x x ®)

Where
e Guwis the transfer conductance of the error amplifier, which is 120uS.
e Guwp is the gain from internal COMP to inductor current, which is 6.7A/V.
- fcis the cross over frequency.

Additional capacitance de-rating for aging, temperature and DC bias should be factored in which increases this

s C-I' For more information www.silicontent.com © 2025 Silicon Content Technology Co., Ltd. All Rights Reserved 13
Product Folder Links: SCT9330C


http://www.silicontent.com/

SCT9330C

Output Feed-Forward Capacitor Selection

The SCT9330

14  For more information www.silicontent.com © 2025 Silicon Content Technology Co., Ltd. All Rights Reserved

Product Folder Links: SCT9330C



http://www.silicontent.com/



http://www.silicontent.com/

SCT9330C

Application Waveforms (Continued)
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Figure 20. Output Ripple (lload=10mA) Figure 21. Output Ripple (lload=1A)
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Figure 22. Output Ripple (lload=3A) 10/25/24  12:54:20 PM
Figure 23. Thermal, 12VIN, 5Vout, 3A
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Layout Guideline

Proper PCB layout is a critical for SCT9330C'’s stable and efficient operation. The traces conducting fast switching
currents or voltages are easy to interact with stray inductance and parasitic capacitance to generate noise and
degrade performance. For better results, follow these guidelines as below:

1. Power grounding scheme is very critical because of carrying power, thermal, and glitch/bouncing noise
associated with clock frequency. The thumb of rule is to make ground trace lowest impendence and power are
distributed evenly on PCB.
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PACKAGE INFORMATION
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TAPE AND REEL INFORMATION
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NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee the third
party Intellectual Property rights are not infringed upon when integrating Silicon Content Technology (SCT) products into any

application. SCT will not assume any legal responsibility for any said applications.
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