E g1= Silicon Content Technology SCT2450 CQ

Rev.1.0

3.8V-36V Vin, 5A, High Efficiency Synchronous Step-down DCDC Converter
with Adjustable Frequency

DESCRIPTION

The SCT2450CQ is 5A synchronous buck converters
with wide input voltage, ranging from 3.8V to 36V,
which integrates a 42mY high-side MOSFET and a
18mY low-side MOSFET. The SCT2450CQ, adopting
the peak current mode control, supports the Pulse
Skipping Modulation (PSM) with typical 25uA low
quiescent current which assists the converter on
achieving high efficiency at light load or standby
condition.

The SCT2450CQ features adjustable switching
frequency from 100 kHz to 2.2 MHz with an external
resistor, which provides the flexibility to optimize either
efficiency or external component size. The converter
supports external clock synchronization with a
frequency band from 100kHz to 2.2MHz. The
SCT2450CQ allows power conversion from high input
voltage to low output voltage with a minimum 120ns on-
time of high-side MOSFET.

The SCT2450CQ is an Electromagnetic Interference
(EMI) friendly buck converter with implementing
optimized design for EMI reduction. The SCT2450CQ
features Frequency Spread Spectrum FSS with N6%
jittering span of the 500kHz switching frequency and
modulation rate 1/512 of switching frequency to reduce
the conducted EMI.

FEATURES

¢ Qualified for Automotive Applications
e AEC-Q100 Qualified with the Following Results:
- Device Temperature Grade 1: -40AC to 125AC
Ambient Operating Temperature Range
- Device HBM ESD Classification Level H2
- Device CDM ESD Classification Level C3B
e Wide Input Range: 3.8V-36V

e Up to 5A Continuous Output Current
e 0.8V N1% Feedback Reference Voltage

e Integrated 42mY High-Side and 18mq Low-Side
Power MOSFETs

e Pulse Skipping Mode (PSM) with 25uA Quiescent
Current in Sleep Mode

e 120ns Minimum On-time

e 5ms Internal Soft-start Time

e Adjustable Frequency 100kHz to 2.2MHz
o External Clock Synchronization

e Frequency Spread Spectrum (FSS) Modulation for
EMI Reduction

e Precision Enable Threshold for adjustable Input
Voltage Under-Voltage Lock Out Protection
(UVLO) Threshold and Hysteresis

e Low Dropout Mode Operation

e Derivable Inverting Voltage Regulator

e Over-voltage and Over-Temperature Protection
e Available in an ESOP-8L Package

APPLICATIONS

e Automotive System
e USB Type-C Power Delivery, USB Charging
e Industrial and Medical Distributed Power Supplies

TYPICAL APPLICATION

The SCT2450CQ offers cycle-by-cycle current limit and
hiccup over current protection, thermal shutdown
protection, output over-voltage protection and input
voltage under-voltage protection. The device is
available in an 8-pin thermally enhanced ESOP-8L
package.
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REVISION HISTORY

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

Revision 1.0: Release to production.

DEVICE ORDER INFORMATION

ORDERABLE PACKAGING STANDARD PACKAGE PINS PACKAGE MSL
DEVICE TYPE PACK QTY MARKING DESCRIPTION
SCT2450CQSTER Tape & Reel 4000 450CQ 8 ESOP-8L 3
ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
Over operating free-air temperature unless otherwise noted @
DESCRIPTION MIN MAX | UNIT
BooT[I]? —— == 8 11sw
VIN @ 03 38 v - | : -
' ' VIN 21 7 GND
VIN Transient (300ms) ) -0.3 42 \Y I Tf:DeArrBaI :
EN 03 38 v ENCOy3 1 9 | sfIdcomp
|
|
BOOT -0.3 44 Y, L
: : RT/CLK L4 5 T1FB
SW -0.3 38 \Y
SW(<10ns) @ -3 38 \Y
BOOT-SW . 0.3 . 6 \V; Figure 1. 8-Lead Plastic ESOP
COMP, FB, RT/CLK -0.3 6 \Y
Operating junction temperature TJ®  -40 150 AC
Storage temperature TSTG -65 150 AC
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Inverting input of the trans-conductance error amplifier. The tap of external feedback
FB 5 resistor divider from the output to GND sets the output voltage. The device regulates
FB voltage to the internal reference value of 0.8V typical.
COMP 6 Error amplifier output. Connect to frequency loop compensation network.
GND 7 Ground
SW
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SYMBOL PARAMETER
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Figure 8_Shutdown Current vs Temperature Figure 9.Quiescent Current vs Temperature

Figure 10. EN Threshold vs Temperature
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FUNCTIONAL BLOCK DIAGRAM

Figure 14. Functional Block Diagram
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OPERATION

Overview

The SCT2450CQ is a 3.8V-36V input, 5A output, EMI friendly synchronous buck converter with built-in 42mq Rdson
high-side and 18mq Rdson low-side power MOSFETSs. It implements constant frequency peak current mode control
to regulate output voltage, providing excellent line and load transient response and simplifying the external
frequency compensation design.

The switching frequency is adjustable from 100kHz to 2.2MHz with two setting modes, resistor setting frequency
mode and the clock synchronization mode, to optimizes either the power efficiency or the external componentsj
sizes. The SCT2450CQ features an internal 5ms soft-start time to avoid large inrush current and output voltage
overshoot during startup. The device also supports monolithic startup with pre-biased output condition. The
seamless mode-transition between PWM mode and PSM mode operations ensure high efficiency over wide load
current range. The quiescent current is typically 25uA under no load or sleep mode condition to achieve high
efficiency at light load.

The SCT2450CQ has a default input start-up voltage of 3.5V with 400mV hysteresis. The EN pin is a high-voltage
pin with a precision threshold that can be used to adjust the input voltage lockout thresholds with two external
resistors to meet accurate higher UVLO system requirements.
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below 1.1V. An internal 1.5uA 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 15 from VIN
to EN. The UVLO rising and falling threshold can be calculated by Equation 1 and Equation 2 respectively.

VIN
R1
Viise =118 (1+—=)—15UA R1 (1)
R2 R1
R1
Vi =11 (1+25) —550A R1 ) -
where
. Viise is rising threshold of Vin UVLO
o Viail is falling threshold of Vin UVLO Figure 15. System UVLO by enable divide

Output Voltage

The SCT2450CQ regulates the internal reference voltage at 0.8V 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 improve efficiency at light loads, larger value resistors are recommended. However, if the values are too high,
the regulator will be more susceptible to noise affecting output voltage accuracy.

=C—-D . 3
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Figure 17. LDO Operation Characteristic ( Vout =5V )

Over Current Limit and Hiccup Mode

The inductor current is monitored during high-side MOSFET Q1 and low-side MOSFET Q2 on. The SCT2450CQ
implements over current protection with cycle-by-cycle limiting high-side MOSFET peak current and low-side
MOSFET valley current to avoid inductor current running away during unexpected overload or output hard short
condition.

When overload or hard short happens, the converter cannot provide output current to satisfy loading requirement.
The inductor current is clamped at over current limitation. Thus, the output voltage drops below regulated voltage
with FB voltage less than internal reference voltage continuously. The COMP pin voltage ramps up to high clamp
voltage 3.7V typical. When COMP voltage is clamped for 512 cycles, the converter stops switching. After remaining
OFF for 8192 cycles the device restarts from soft starting phase. If overload or hard short condition still exists
during soft-start and make COMP voltage clamped at high for 512 cycles the device enters into turning-off mode
again. When overload or hard short condition is removed, the device automatically recovers to enters normal
regulating operation.

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

Over voltage Protection

The SCT2450CQ 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 FB voltage exceeds 110% of internal
0.8V reference voltage, the high-side MOSFET turns off to avoid output voltage continue to increase. When the FB
pin voltage falls below 105% of the 0.8V reference voltage, the high-side

12  For more information www.silicontent.com E 2025 Silicon Content Technology Co., Ltd. All Rights Reserved s

Product Folder Links: SCT2450CQ . C-I



http://www.silicontent.com/



http://www.silicontent.com/

SCT2450CQ

Output Voltage

The output voltage is set by an external resistor divider Table 1. Rs, ReValue for Common Output Voltage
R5 and R6 in typical application schematic. (Room Temperature)
Recommended R6 resistance is 10.2Kq. Use Equation
5 to calculate R5. Vour Rs Re
1.8 V 12.7 Kq 10.2 Kq
25 V 21.5 Kq 10.2 Kq
=(C—-1 5
5= ( ) s ©®) 33 V 31.6 Kq 10.2 Kq
where: 5 V 53.6 Kq 10.2 Kq
E) 8\\//REF is the feedback reference voltage, typical 12V 143 Kq 10.2 Kq
' 24V 294 Kq 10.2 Kq

Higher switching frequencies support smaller profiles of output inductors and output capacitors, resulting in lower
voltage and current ripples.
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to lower output voltage ripple. However, the larger value inductor always corresponds to a bigger physical size,
higher series resistance, and lower saturation current. A good rule for determining the inductance to use is to allow
the inductor peak-to-peak ripple current to be approximately 20%~40% of the maximum output current.

The peak-to-peak ripple current in the inductor ILep can be calculated as in Equation 9.
— « - )
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Input Capacitor Selection

The input current to the step-down DCDC converter is discontinuous, therefore it requires a capacitor to supply the
AC current to the step-down DCDC converter while maintaining the DC input voltage. Use capacitors with low ESR
for better performance. Ceramic capacitors with X5R or X7R dielectrics are usually suggested
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e Vnis the input voltage

Due to capacitoris 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, two 47€F ceramic output capacitors work for most applications.

Compensation Components
The SCT2450CQ employs
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The system crossover frequency, where the feedback loop has unity gain, is important. A lower crossover frequency
results in slower line and load transient response. A higher crossover frequency could cause the system unstable.
A recommended rule of thumb is to set the crossover frequency to be approximately 1/10 of switching frequency.

The following steps can be followed to calculate the external compensation components. Calculate the
compensation resistor R4 with Equation 25 once crossover frequency is selected.

g=— — (25)

Then calculate C7 by placing a compensation zero at or before the output stage pole.

— (26)

Determine if the optional compensation capacitor C6 is required. Generally, it is required if the ESR zero fz is
located less than half of the switching frequency. Then fp3 can be used to cancel fz2. C6 can be calculated with
Equation 27.

x

N (27)

4

Table 3 lists typical values of compensation components for some standard output voltages with various output
ceramic capacitors and inductors. The values of the compensation components have been optimized for fast
transient responses and good stability. For the conditions not list in Table 3, customers can use Equation 25-
Equation 27 to optimize the compensation components.

Table 3: Compensation Values for Typical Output Voltage/Capacitor Combinations at fsw=500kHz

Vout L1 CouT R4 C7 C6
1.8V 3.3uH 4*47uF
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Application Waveforms
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Figure 21. Load Transient (0.5A-4.5A, 250mA/us)

Figure 23. SW and Vout Ripple Figure 24. Thermal, 3.3Vout/5A
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PACKAGE INFORMATION

ESOP-8L (95x130) Package Outline Dimensions

Symbol _Dimensions in Millimeters _ Dimensions in Inches
Min. Max. Min. Max.
A 1.300 1.700 0.051 0.067
Al 0.000 0.100 0.000 0.004
A2 1.350 1.550 0.053 0.061
b 0.330 0.510 0.013 0.020
C 0.170 0.250 0.007 0.010
D 4.700 5.100 0.185 0.201
D1 3.050 3.250 0.120 0.128
E 3.800 4.000 0.150 0.157
El 5.800 6.200 0.228 0.244
E2 2.160 2.360 0.085 0.093
e 1.270(BSC) 0.050(BSC)
L 0.400 | 1.270 0.016 | 0.050
0 o*
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TAPE AND REEL INFORMATION
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