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4.3V-60V Vin, 3.5A, High Efficiency Step-down DCDC Converter with
Programmable Frequency

FEATURES
¢ Wide Input Range: 4.3V-60V

e Up to 3.5A Continuous Output Current

e 0.8V Feedback Reference Voltage

¢ Integrated 130mQ High-Side MOSFET
e Ultra Low Quiescent Current: 30uA

e Shutdown Current: 1uA
e Peak current mode control

e Pulse Skipping Mode (PSM) in light load

e 100ns Minimum On-time
e 4ms Internal Soft-start Time

e Frequency Spread Spectrum (FSS) Modulation for

EMI Reduction

e Adjustable Frequency and External Clock
Synchronization: 100kHz~2.2MHz

e Linear increase in frequency during startup

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

e Monotonic Start up with Pre-biased Output

e Hiccup Mode for Over current Protection

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

APPLICATIONS

o 12-V, 24-V, 48-V Industry and Telecom Power

System

e Industrial Automation and Motor Control

e Vehicle Accessories

DESCRIPTION

The SCT2630B is 3.5A buck converter with wide input
voltage, ranging from 4.3V to 60V, which integrates an
130mQ high-side MOSFET. The SCT2630B, adopting
the peak current mode control, supports the Pulse
Skipping Modulation (PSM) which assists the converter
on achieving high efficiency at light load or standby
condition.

The switching frequency is programmable 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
components’ sizes. The SCT2630B allows power
conversion from high input voltage to low output
voltage with a minimum 100ns on-time of high-side
MOSFET. The SCT2630B is an Electromagnetic
Interference (EMI) friendly buck converter with
implementing optimized design for EMI reduction. The
SCT2630B features Frequency Spread Spectrum FSS
with £6% jittering span and modulation rate 1/512 of
switching frequency to reduce the conducted EMI.

The device offers fixed 4ms soft start to prevent inrush
current during the startup of output voltage ramping.
The SCT2630B supports monotonic start with pre-
biased output. The SCT2630B features external loop
compensation to provide the flexibility to optimize either
loop stability or loop response.

The SCT2630B provides cycle-by-cycle current limit,
hiccup mode for over current protection, thermal
shutdown protection, output over-voltage protection
and input voltage under-voltage protection. The device
is available in an 8-pin ESOP-8 package.
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4.3V-60V, Asynchronous Buck Converter
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REVISION HISTORY

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Revision 1.0:
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COMP 6 Error amplifier output. Connect to frequency loop compensation network.
GND 7 Ground
SW 8
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ELECTRICAL CHARACTERISTICS
Vin=24V, Ty=-40°C~125°C, typical value is tested under 25°C.

SYMBOL | PARAMETER TEST CONDITION MIN TYP MAX | UNIT
Power Supply
Vin Operating input voltage 4.3 60 \%
Input UVLO Threshold VN rising 4 4.25 \%
VIN_uvLo .
Hysteresis 200 mV
IsHpn Shutdown current from VIN pin EN=0, no load 1 5 WA
. . EN floating, no load, non-
lo Quiescent current from VIN pin switching, BOOT-SW=5V 30 HA
Power MOSFETs
Rpson_H ‘ High-side MOSFET on-resistance VeooT-Vsw=5V 130 mQ
Reference and Control Loop
Tj=25°C 0.792 0.8 0.808 |V
VREF Reference voltage of FB -
Tj=-40°C ~125°C 0.788 0.812 |V
GEea Error amplifier trans-conductance -2PA<lcomp<2uA, Vcomp=1V 200 uS
Icomp_src EA maximum source current Vre=VRrer-100mV, Vcomp=1V 30 WA
Icomp_snk EA maximum sink current Vre=Vrer+100mV, Vcompr=1V 30 WA
Vcomp_H COMP high clamp 24 \%
Vcowmp_L COMP low clamp 0.4 \Y,
Current Limit and Over Current Protection
High-side power MOSFET peak Tj=25°C 5.15 5.5 585 | A
lLm_Hs o F .
current limit threshold Tj=-40°C ~125°C 4.9 6.1 A
T Over current protection hiccup wait
HIC_W .
time
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SYMBOL | PARAMETER TEST CONDITION MIN TYP MAX | UNIT
Tsp Thermal shutdown threshold * Ty rising 175 °C
Hysteresis 15 °C
*Derived from bench characterization
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OPERATION

Overview

The SCT2630B is a 4.3V-60V input, 3.5A output, buck converter with integrated 130mQ Rdson high-side power
MOSFET. It implements constant frequency peak current mode control to regulate output voltage, providing
excellent line and load transient response and simplifying the external loop compensation design.

The switching frequency is programmable 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 components’
sizes. The SCT2630B features an internal 4ms 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 30uA under no load or sleep mode condition to achieve high
efficiency at light load. The SCT2630B will experience a linear increase in frequency during startup.

The SCT2630B has a default input start-up voltage of 4V with 200mV 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. Floating EN pin enables the device
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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.

0.875 =
1= : (1) 1uA 3uA
3.125 R1
4—
. 1 105 , = -
- —-105+ , 4 (2) R2 1.2v
where

o Viise IS rising threshold of Vin UVLO
. Vi is falling threshold of Vin UVLO Figure 9. System UVLO by enable divide

Output Voltage

The SCT2630B regulates the internal reference voltage at 0.8V over the operating temperature and voltage range.
The output voltage is set by a resistor divider from th
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APPLICATION INFORMATION

Typical Application
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Figure 11. SCT2630B Design Example, 5V Output with Programmable UVLO

Design Parameters

Design Parameters

Example Value

Input Voltage 24V Normal 6V to 60V
Output Voltage 5V

Maximum Output Current 3.5A

Switching Frequency 500 KHz

Output voltage ripple (peak to peak) 8.2mV

Transient Response 0.875A to 2.625A load step
Start Input Voltage (rising VIN)

AVout = 420mV
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Output Voltage

The output voltage is set by an external resistor divider
R5 and R6 in typical application schematic.

Recommended R6 resistance is 10.2KQ. Use Equation
6

For more information www.silicontent.com © 2023 Silicon Content Technology Co., Ltd. All Rights Reserved 13

Product Folder Links: SCT2630B


http://www.silicontent.com/



http://www.silicontent.com/

SCT2630B

affects the selection of inductance. The smaller inductor results in larger inductor current ripple leading
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When selecting ceramic capacitors, it needs to consider the effective value of a capacitor decreasing as the DC
bias voltage across a capacitor increasing.

The input capacitance value determines the input ripple voltage of the regulator. The input voltage ripple can be
calculated using Equation 17 and the maximum input voltage ripple occurs at 50% duty cycle.

IOUT VOUT _ VOUT)

AV = 1
IN ( VIN

17
fsw Cin Vin a7

For this example, four 2.2uF, X7R ceramic capacitors rated for 100 V in parallel are used. And a 0.1 pF for high-
frequency filtering capacitor is placed as close as possible to the device pins.

Bootstrap Capacitor Selection

A 0.1pF ceramic capacitor must be connected between BOOT pin and SW pin for proper operation. A ceramic
capacitor with X5R or better grade dielectric is recommended. The capacitor should have a 10V or higher voltage
rating.

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
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The DC voltage gain of the loop is given by Equation 20.

= — (20)

The system has two noteworthy poles: one is due to the compensation capacitor C7 and the error amplifier output
resistor. The other is caused by the output capacitor and the load resistor. These poles as located at:

= ! = 21
= ! = 22
2= =5 (22)
where
e Roea is error amplifier output resistor
e Geais Error amplifier trans-conductance, 200uS typically
¢ Ruioap is equivalent load resistor
The system has one zero of importance from R4 and C7. fz1 is used to counteract the fp2, and fz1 located at:
¢ = 1 23
e B (23)

The system may have another important zero if the output capacitor has a large capacitance or a high ESR value.
The zero, due to the ESR and the capacitance of the output capacitor is calculated by Equation 24.
(= 1 24
2=7 (24)
In this case, a third pole set by the optional compensation capacitor C6 and the compensation resistor R4 is used
to compensates the effect of the ESR zero. This pole is calculated by Equation 25.

‘o= 1 25
R e (25)

The crossover frequency of converter is shown in Equation 26.
f = 4 (26)

2

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 27 once crossover frequency is selected.

2
4= (27)

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

= 28
, " (28)
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 29.

6 =
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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 27-
Equation 29 to optimize the compensation components.

Table 3: Compensation Values for Typical Output Voltage/Capacitor Combinations
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Inverting Power application

The SCT2630B can be used to convert a positive input voltage to a negative output voltage

are amplifiers requiring a negative power supply.

C3J_

. Typical applications
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Figure 12. SCT2630B Inverting Power Supply
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Application Waveforms
Vin=24V, Vout=5V, Fsw=500k, unless otherwise noted

Figure 13. Power up (IL.oap=3
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Application Waveforms

Figure 19. Load Transient (0.35A-3.15A, 1.
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PACKAGE INFORMATION
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TAPE AND REEL INFORMATION

NOTICE:
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