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REVISION HISTORY

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Revision 1.0: Production.

Revision 1.1: Update Equation 1, Equation 2 and Figure 9.

Revision 1.2: Update Device Order Information.
Revision 1.3: Update PACKAGE INFORMATION.
Revision 1.4: Update package name and MSL level.

DEVICE ORDER INFORMATION

ORDERABLE PACKAGING STANDARD PACKAGE PINS PACKAGE MSL
DEVICE TYPE PACK QTY MARKING DESCRIPTION
SCT2361FPBR Tape & Reel 5000 2361 12 Fg%ﬂ%ﬁ“‘ 1

ABSOLUTE MAXIMUM RATINGS

Over operating free-air temperature unless otherwise noted®

DESCRIPTION

MIN MAX

PIN CONFIGURATION
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ESD RATINGS
PARAMETER DEFINITION MIN MAX UNIT
Human Body Model(HBM), per ANSI-JEDEC-JS-001-
i : -2 +2 kv
Vv 2014 specification, all pins®
£sb Charged Device Model(CDM), per ANSI-JEDEC-JS-002- 05 105 v

2014specification, all pins®

@)
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SYMBOL PARAMETER

6 For more information www.silicontent.com © 2019 Silicon Content Technology Co., Ltd. All Rights Reserved

Product Folder Links: SCT2361


http://www.silicontent.com/

SCT2361

For more information


http://www.silicontent.com/

SCT2361

FUNCTIONAL BLOCK DIAGRAM
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Figure 7. Functional Block Diagram
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OPERATION

Overview

The SCT2361 is a 4V-28V input, 6A continuous output synchronous buck converter with built-in 36mQ Rdson high-
side and 16mQ Rdson low-side power MOSFETSs. It implements the Constant on-time (COT) mode control to
regulate output voltage, providing excellent line and load transient response and simplifying the external frequency
compensation design.

The switching frequency is fixed 400kHz to optimizes either the power efficiency or the external components’ sizes.
The SCT2361 features an internal 1ms soft-start time to avoid large inrush current and output voltage overshoot
during startup. The device features three different operation modes at light loading: Pulse Frequency Modulation
(PFM) mode, and Ultra-Sonic Modulation (USM) mode, and PWM mode. The quiescent current is typically 130uA
under no load and sleep mode condition to achieve high efficiency at light load.

The SCT2631 integrates a fixed 3.3V LDO which supplies up to 150mA output current. The LDO output load
regulation is less than 1%.

The SCT2361 has a default input start-up voltage of 3.8V with 300mV hysteresis. The EN function features with a
precision threshold that can be used to adjust the input voltage lockout thresholds with two external resistors to
meet
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Figure 8 LDO power path Architecture

Pulse Frequency Modulation (PFM) and Ultra-sonic Modulation (USM) Modes

Grounding the MODE pin makes the SCT2361 works at Pulse Frequency Modulation (PFM) mode to improve the
power efficiency in light load. As the output current decreases from heavy load condition, the inductor current is also
reduced. If the output current is reduced, the valley of the inductor current reaches the zero level, which is the
boundary between continuous conduction and discontinuous conduction modes. The low-side MOSFET is turned
off when a zero inductor current is detected. As the load current further decreases the converter runs into
discontinuous conduction mode. The on-time is kept the same as it is in continuous conduction mode. The off-time
increases as it takes more time to discharge the output with a smaller load current.

Floating the MODE pin makes the device works at PFM with Ultra-Sonic Modulation (USM) mode to keep the
switching frequency out of the acoustic audible frequency. The USM mode block monitors the state of both high-
side and low-side MOSFETs. When both high-side and low-side MOSFETSs are off for 33us, the low-side MOSFET
forces to turn on until the negative current limit is triggered or the feedback voltage (VFB) drops below the internal
reference voltage (VREF).

Forced Pulse Width Modulation (FPWM) mode

Connecting MODE pin to VCC, the SCT2361 forces the device operating at forced Pulse Width Modulation (PWM)
mode with pseudo-fixed switching frequency regardless loading current. Operating in PWM mode can achieve
smaller output voltage ripple compared with PFM or USM at light load. When the load current approaches zero, the
low-side MOSFET current crosses zero and sinks current from output to maintain the constant output. Hence power
efficiency in light load is much lower than heavy load.

Enable and Under Voltage Lockout Threshold

The SCT2361 is enabled when the VIN pin voltage rises above 3.8V and the EN pin voltage exceeds the enable
threshold of 1.18V. The device is disabled when the VIN pin voltage falls below 3.5V or when the EN pin voltage is
below 1.1V. An internal 1.4uA pull up current source to EN pin allows the device enable when EN pin floats.

EN pin is a high voltage pin that can be connected to VIN directly to start up the device.

For a higher system UVLO threshold, connect an external resistor divider (R1 and R2) shown in Figure 9 from VIN
to EN. The UVLO rising and falling threshold can be calculated by Equation 1 and Equation 2 respectively.
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VIN
R1
Viise =12 (1 + @) —14uA R1 (1)
R1
R1 EN
Vian =109 (1+25) —5uA R1 @)
where R2
. Viise is rising threshold of Vin UVLO
. Vi is falling threshold of Vin UVLO Figure 9. System UVLO by enable divide

Output Voltage

The SCT2361 regulates the internal reference voltage at 0.6V with 1% tolerance over the operating temperature
and voltage range. The output voltage is set by a resistor divider from the output node to the FB pin. It is
recommended to use 1% tolerance or better resistors. Use Equation 3 to calculate resistance of resistor dividers.
To
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side FET switch, the switch current increases at a linear rate determined by input voltage, output voltage, the on-
time and the output inductor value. During the on time of the low-side FET switch, this current decrease linearly.
The average value of the switch current is the load current IOUT.

If the measured drain to source voltage of the low-side FET is above the voltage proportional to current limit, the
low side FET stays on until the current level becomes lower than the OCL level which reduces the output current
available. When the current is limited, the output voltage tends to drop because the load demand is higher than
what the converter can support. When the output voltage falls below 75% of the target voltage, the UVP comparator
detects it and shuts down the device immediately, the device re-starts after a hiccup time of 7ms. In this type of
valley detect control the load current is higher than the OCL threshold by one half of the peak to peak inductor ripple
current. When the overcurrent condition is removed, the output voltage returns to the regulated value. If an OCL
condition happens during start-up then the device enters hiccup-mode immediately without a wait time of 1ms.

The hiccup protection mode above makes the average short circuit current to alleviate thermal issues and protect
the regulator.

Under-voltage Protection

The SCT2361 features the Under-voltage Protection (UVP) by monitoring the output voltage to detect the under-
voltage voltage. When the feedback voltage falls below 75% of Vrer, the SCT2361 enters hiccup mode until the
under-voltage scenario released.

Over voltage Protection

The SCT2361 implements the Over-voltage Protection (OVP) circuitry to minimize output voltage overshoot during
load transient, recovering from output fault condition or light load transient. The overvoltage comparator in OVP
circuit compares the FB pin voltage to the internal reference voltage. When the feedback voltage rises higher than
120% of the feedback voltage, the OVP comparator output goes high and the circuit turns off the HS-FET driver.
The LS-FET driver turns on until trigger negative current limit or FB below reference voltage. Then HS-FET turns
on with normal ON-time and turn off, following with a LS-FET on until negative current limited triggered or FB lower
than reference voltage. The device exits this regulation period when the feedback voltage falls below 115% of the
reference voltage.

Thermal Shutdown

The SCT2361 protects the device from the damage during excessive heat and power dissipation conditions. Once
the junction temperature exceeds 160C, the internal thermal sensor stops power MOSFETs switching. When the
junction temperature falls below 135C, the device restarts with internal soft start phase.
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APPLICATION INFORMATION

Typical Application
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Figure 10. 12V Input, 5V/6A Output

Design Parameters

Design Parameters Example Value
Input Voltage 12V
Output Voltage 5V
Output Current 6A
Output voltage ripple (peak to peak) 50mV
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 and a 0.1uF ceramic bypass capacitor is recommended to be placed as close as possible
to the VIN pin of the SCT2361.

Use Equation 4 to calculate the input voltage ripple:

4
A = xVOUTx(l__) “)
x Vin

Where:

e Cinis the input capacitor value

e 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, two 22uF 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
satu on 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 satu on
current larger than its peak current during the opera on.

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, ¢

14  For more information www.silicontent.com © 2019 Silicon Content Technology Co., Ltd. All Rights Reserved s

Product Folder Links: SCT2361 .. C-I



http://www.silicontent.com/

SCT2361

Output Capacitor Selection

The selection of output capacitor will affect output voltage ripple in steady state and load transient performance.

The output ripple is essentially composed of two parts. One is caused by the inductor current ripple going through
the Equivalent Series Resistance ESR of the output capacitors and the other is caused by the inductor current ripple
charging and discharging the output capacitors. To achieve small output voltage ripple, choose a low-ESR output
capacitor like ceramic capacitor. For ceramic capacitors, the capacitance dominates the output ripple. For
simplification, the output voltage ripple can be estimated by Equation 7 desired.

AVOUT = s > ( ) (7)
Where

e AVyyris the output voltage ripple

e fswis the switching frequency

e Lis the inductance of inductor

e Cour is the output capacitance

e Vour is the output voltage

e Vnis the input voltage

Due to capacitor's degrading under DC bias, the bias voltage 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. Typically,
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Application Waveforms(continued)

Vin=12V, Vout=5V, unless otherwise noted
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Figure 15. Over Current Protection and Release Figure 16. Buck Load Transient (1.5A-4.5A, 1.6A/us)
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Application Waveforms

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

Figure 17. LDO Load Transient (0A-100mA, 1.6A/us) Figure 18. Output Ripple (lload=0A, PFM)
Figure 19. Output Ripple (lload=0A, USM) Figure 20
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Layout Guideline

Proper PCB layout is a critical for SCT2361 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. Place a low ESR ceramic capacitor as close to VIN pin and the ground as possible to reduce parasitic effect.
2.
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PACKAGE INFORMATION
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TAPE AND REEL INFORMATION
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SECTION B-B
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