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3.8V-40V Vin, 3.5A, High Efficiency Synchronous Step-down DCDC
Converter with Programmable Frequency

FEATURES

¢ Qualified for Automotive Applications
e AEC-Q100 Qualified with the Following Results:
- Device Temperature Grade 1: -40°C to 125°C
Ambient Operating Temperature Range

e Wide Input Range: 3.8V-40V
e Up to 3.5A Continuous Output Current
e 0.8V 1% Feedback Reference Voltage

e Integrated 80mQ High-Side and 50mQ Low-Side
Power MOSFETs

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

e 100ns Minimum On-time

e 2ms 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 Programmable
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-8 Package

APPLICATIONS

e Automotive System.

e USB Type-C Power Delivery, USB Charging

¢ Industrial and Medical Distributed Power Supplies

DESCRIPTION

The SCT2430Q is 3.5A synchronous buck converters
with wide input voltage, ranging from 3.8V to 40V,
which integrates an 80mQ high-side MOSFET and a
50mQ low-side MOSFET. The SCT2430Q, 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 SCT2430Q features programmable switching
frequency from 100 kHz to 2.2MHz 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
SCT2430Q allows power conversion from high input
voltage to low output voltage with a minimum 100ns on-
time of high-side MOSFET.

The SCT2430Q is an Electromagnetic Interference
(EMI) friendly buck converter with implementing
optimized design for EMI reduction. The SCT2430Q
features Frequency Spread Spectrum FSS with +6%
jittering span of the switching frequency and
modulation rate 1/512 of switching frequency to reduce
the conducted EMI.

The SCT2430Q 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 SOP-8
package.

TYPICAL APPLICATION
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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 BINS PACKAGE
DEVICE TYPE PACK QTY MARKING DESCRIPTION
SCT2430QSTER Tape & Reel 4000 2430Q 8 ESOP-8L

ABSOLUTE MAXIMUM RATINGS

Over operating free-air temperature unless otherwise noted®

PIN CONFIGURATION

DESCRIPTION MIN | MAX | UNIT
BOOTLL] ———= [ T1sSwW
VIN, EN 03 | 42 Vv - | : -
VIN | 7 GND
BOOT 03 | 48 Vv  Thermal
| PAD :
S -0.3 42 \Y; ENCIR3 1 9 | [T 1COMP
|
BOOT-SW 0.3 6 v L
RT/CLK L] [ T1FB
COMP, FB, RT/CLK -0.3 6 v
Operating junction temperature TJ® -40 150 °C Figure 1. 8-Lead Plastic E-SOP
Storage temperature TSTG -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause device permanent damage. The device is not guaranteed to
function outside of its Recommended Operation Conditions.

(2) The IC includes over temperature protection to protect the device during overload conditions. Junction temperature will exceed 150°C
when over temperature protection is active. Continuous operation above the specified maximum operating junction temperature will

reduce lifetime.

PIN FUNCTIONS

NAME NO. PIN FUNCTION

Power supply bias for high-side power MOSFET gate driver. Connect a 0.1uF capacitor

BOOT 1 from BOOT pin to SW pin. Bootstrap capacitor is charged when low-side power
MOSFET is on or SW voltage is low.

VIN 2 Input supply voltage. Connect a local bypass capacitor from VIN pin to GND pin. Path
from VIN pin to high frequency bypass capacitor and GND must be as short as possible.
Enable pin to the regulator with internal pull-up current source. Pull below 1.1V to

EN 3 disable the converter. Float or connect to VIN to enable the converter. The tap of resistor
divider from VIN to GND connecting EN pin can adjust the input voltage lockout
threshold.
Set the internal oscillator clock frequency or synchronize to an external clock. Connect
a resistor from this pin to ground to set switching frequency. An external clock can be

RT/CLK 4 input directly to the RT/CLK pin. The internal oscillator synchronizes to the external
clock frequency with PLL. If detected clocking edges stops, the operation mode
automatically returns to resistor programmed frequency.
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
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SwW 8 Regulator switching output. Connect SW to an external power inductor
Thermal Heat dissipation path of die. Electrically connection to GND pin. Must be connected to
9 : "
Pad ground plane on PCB for proper operation and optimized thermal performance.
RECOMMENDED OPERATING CONDITIONS
Over operating free-air temperature range unless otherwise noted
PARAMETER DEFINITION MIN MAX UNIT
ViN Input voltage range 3.8 40 \%
Vour Output voltage range 0.8 40 \%
For more information www.silicontent.com © 2024 Silicon Content Technology Co., Ltd. All Rights Reserved 3
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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 3.8 40 \%
Input UVLO Threshold VN rising 3.5 3.7 \%
VIN_uvLo .
Hysteresis 400 mV
IsHDN Shutdown current from VIN pin EN=0, no load 1 3 WA
. . EN floating, no load, non-
lo Quiescent current from VIN pin switching, BOOT-SW=5V 25 HA
Power MOSFETs
Rbson_H High-side MOSFET on-resistance VBooT-Vsw=5V 80 mQ
Rbson_L Low-side MOSFET on-resistance 50 mQ
Reference and Control Loop
VRer Reference voltage of FB 0.792 0.8 0.808 |V
GEea Error amplifier trans-conductance -2PA<lcomp<2uA, Vcomp=1V 300 uS
Icomp_src EA maximum source current Vre=VRrer-100mV, Vcomp=1V 30 WA
lcomp_snk EA maximum sink current Vee=VRrer+100mV, Vcompr=1V 30 A
Vcomp_H COMP high clamp 3 \%
Vcowmp_L COMP low clamp 0.4 \Y,
Current Limit and Over Current Protection
High-side power MOSFET peak
ILm_s current limit threshold 425 5 575 A
Low-side power MOSFET souring
lum_Lssre current limit threshold 55 A
Thc w tci)x;r current protection hiccup wait 512 cycles
Thc R Qver current protection hiccup restart 8192 cycles
time
Enable and Soft Startup
VEN_H Enable high threshold 1.18 125 |V
VEN_L Enable low threshold 1.03 1.1 \%
len_L Enable pin pull-up current EN=1V 1 15 2 MA
leN_H Enable pin pull-up current EN=1.5V 55 UA
Tss Internal soft start time 2 ms
Switching Frequency and External Clock Synchronization
FrRANGE_RT Frequency range using RT mode 100 2200 kHz
Fsw Switching frequency RrT=200 kQ(1%) 450 500 550 kHz
France_cik | Frequency range using CLK mode 100 2200 | kHz
Frequency spread spectrum in 0
FITER percentage of Fsw 6 %
toN_MmIN Minimum on-time Vin=24V 100 ns
Protection
Voue Feedback overvoltage with respectto | Vrs/Vrer rising 110 %
reference voltage Vre/Vrer falling 105 %
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VBootuv BOOT-SW UVLO threshold BOOT-SW falling 2.36 \%
Hysteresis 300 mV
Teo Thermal shutdown threshold* Tsrising 170 °C
Hysteresis 25 °C
*Derived from bench characterization
For more information www.silicontent.com © 2024 Silicon Content Technology Co., Ltd. All Rights Reserved 5
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TYPICAL CHARACTERISTICS
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FUNCTIONAL BLOCK DIAGRAM
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Figure 14. Functional Block Diagram
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OPERATION

Overview

The SCT2430Q is a 3.8V-40V input, 3.5A output, EMI friendly synchronous buck converter with built-in 80mQ Rdson
high-side and 50mQ 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 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 SCT2430Q features an internal 2ms 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 SCT2430Q 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. Floating EN pin enables the device with the internal
pull-up current to the pin. Connecting EN pin to VIN directly starts up the device automatically.

The SCT2430Q implements the Frequency Spread Spectrum FSS modulation spreading of +6% centered selected
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 SCT2430Q full protection features include the input under-voltage lockout, the output over-voltage protection,
over current protection with cycle-by-cycle current limiting and hiccup mode, output hard short protection and
thermal shutdown protection.

Peak Current Mode Control

The SCT2430Q employs fixed frequency peak current mode control. An internal clock initiates turning on the
integrated high-side power MOSFET Q1 in each cycle, then inductor current rises linearly. When the current through
high-side MOSFET reaches the threshold level set by the COMP voltage of the internal error amplifier, the high-
side MOSFET turns off. The synchronous low-side MOSFET Q2 turns on till the next clock cycle begins or the
inductor current falls to zero.

The error amplifier serves the COMP node by comparing the voltage of 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 to the reference. 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 SCT2430Q operates in Pulse Skipping Mode (PSM) with light load current to improve efficiency. When the load
current decreases, an increment in the feedback voltage leads COMP voltage drop. When COMP falls to a low
clamp threshold (400mV typically), device enters PSM. The output voltage decays due to output capacitor
discharging during skipping period. Once FB voltage drops lower than the reference voltage
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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

10 For more information www.silicontent.com © 2024 Silicon Content Technology Co., Ltd. All Rights Reserved s
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APPLICATION INFORMATION

Typical Application

C12 1
1uF 55uH) Vour=3.3V lour=35A
BOOT sw
Vin=3.8V~40V CB_L CQ_L ClO_L
V=3, . VIN GND O.lu;l_47u;1_ 47uFT § L
l l l SCT2430Q JT— R5 13
31.6K| Optional
c2l 3 EN COMP
4.7uF | 4.7uF R4 RG
= = = 20K L
= = = RT/CLK FB Tcs 102K
c7 Optional
00K 3.3n v
Figure 18. SCT2430Q Design Example, 3.3V Output with Programmable UVLO
Design Parameters
Design Parameters Example Value
Input Voltage 24V Normal 3.8V to 40V
Output Voltage 3.3V
Maximum Output Current 3.5A
Switching Frequency 500 KHz
Output voltage ripple (peak to peak) 16.5mV
Start Input Voltage (rising VIN) 5.76V
Stop Input Voltage (falling VIN) 4.66V
For more information www.silicontent.com © 2024 Silicon Content Technology Co., Ltd. All Rights Reserved 13
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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
5 to calculate R5.

s=(——-1) ¢ )

where:

¢ Vrer is the feedback reference voltage, typical
0.8v

Switching Frequency

Table 1. Rs, ReValue for Common Output Voltage
(Room Temperature)

Vour Rs Re
18 V 12.7 KQ 10.2 KQ
25 V 21.5 KQ 10.2 KQ
33 V 31.6 KQ 10.2 KQ

5V 53.6 KQ 10.2 KQ

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. However, the higher switching frequency causes extra switching loss, which
downgrades converter’s overall power efficiency and thermal performance. The 100ns minimum on-time limitation
also restricts the selection of higher switching frequency. In this design, a moderate switching frequency of 500 kHz
is selected to achieve both small solution size and high efficiency operation.

The resistor connected from RT/CLK to GND sets

Table 2. Rrsw Value for Common Switching Frequencies

switching frequency of the converter. The resistor value (Room Temperature)
required for a desired frequency can be calculated using
equation 6, or determined from Figure 7.
100000
RT(KQ) = ——— 6
( ) fsw (KHz) 6)
where:
o fswis the desired switching frequency
14  For more information www.silicontent.com © 2024 Silicon Content Technology Co., Ltd. All Rights Reserved [
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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.
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For this design, use LIR=0.2 or 0.3, and the inductor value is calculated to be 5.7uH, the RMS inductor current is
3.51A and the peak inductor current is 4A. The chosen inductor is a WE 744325650, which has a saturation current
rating of 10A and a RMS current rating of 8.4A. This also has a typical inductance of 6.5uH at no load and 6 pH at

4
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Where
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foo_ L 23
R e (23)

The crossover frequency of converter is shown in Equation 24.
f = 4 (24)

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 25 once crossover frequency is selected.

2
4= (25)

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

= 26
7 2 (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
6= ——— (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 2*47uF 12.1K 6.8nF 100pF(optional)
2.5V 4.7uH 2*47uF 16.9K 4.7nF 68pF(optional)
3.3V 5.5uH 2*47uF 20K 4.7 nF 47pF(optional)
5V 7.8uH 2*47uF 33.2K 3.3nF 22pF(optional)
12v 10uH 2*47uF 53.6K 1nF 220pF
18  For more information www.silicontent.com © 2024 Silicon Content Technology Co., Ltd. All Rights Reserved o
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Inverting Power application

The SCT2430Q can be used to convert a positive input voltage to a negative output voltage. Typical applications
are amplifiers requiring a negative power supply.

_|_ L1
.M

BOOT SW

VIN GND

_|_ _|_ SCT2430Q R3 ca

\AAJ

R1

<
<
<
ClTCZT —1EN COMPL—AAN _"_ . | + C5
RT/CLK FB | >3
o = TR2
I . o

Figure 19. SCT2430Q Inverting Power Supply
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Application Waveforms
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Figure 25. Thermal, 3.3Vout/3.5A
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Layout Guideline

Proper PCB layout is a critical for SCT2430Q’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. Sufficiently placing ground area will optimize thermal and not causing over heat area.

2. Place alow ESR ceramic capacitor as close to VIN pin and the ground as possible to reduce parasitic effect.

3. For operation at full rated load, the top side ground area must provide adequate heat dissipating area. Make
sure top switching loop with power have lower impendence of grounding.

4. The bottom layer is a large ground plane connected to the ground plane on top layer by vias. The power pad
should be connected to bottom PCB ground planes using multiple vias directly under the IC. The center thermal
pad should always be soldered to the board for mechanical strength and reliability, using multiple thermal vias
underneath the thermal pad. Improper soldering thermal pad to ground plate on PCB will cause SW higher ringing
and overshoot besides downgrading thermal performance. it is recommended 8mil diameter drill holes of thermal
vias, but a smaller via offers less risk of solder volume loss. On applications where solder volume loss thru the vias
is of concern, plugging or tenting can be used to achieve a repeatable process.

5. Output inductor should be placed close to the SW pin. The area of the PCB conductor minimized to prevent
excessive capacitive coupling.

6. The RT/CLK terminal is sensitive to noise so the RT resistor should be located as close as possible to the IC
and routed with minimal lengths of trace.

7. UVLO adjust and RT resistors, loop compensation and feedback components should connect to small signal
ground which must return to the GND pin without any interleaving with power ground.

8. Route BOOT capacitor trace on the other layer than top layer to provide wide path for topside ground.
9. For achieving better thermal performance, a four-layer layout is strongly recommended.

VouT

Output capacitors

Inductor

Top layer ground area

Input bypass 1
capacitor . BOOT

Small signal
ground

T LT

Thermal VIA Compensation

VIN

Programmable
UVLO resistors

| |
1]

Freq.

3

FB
:J::} Feedback resistors

set resis

GND Top layer ground area

Figure 26. PCB Layout Example
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PACKAGE INFORMATION

E
EI: _!’_"___,_,l——,—f\._‘___':! :D
] ‘ i mn
[T \ | [T =

WO
R PIM 41
E1
R B IR

™ 1 [: _?l <
\ = o 1>

Al

JINENIEEN

A

I

SOP8/PP(95x130) Package Outline Dimensions

Dimensions in Millimeters

Dimensions in Inches

Symbol 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 0 8 0’ 8
NOTE:
1. Drawing proposed to be made a JEDEC package outline MO-220 variation.
2. Drawing not to scale.
3. Alllinear dimensions are in millimeters.
4. Thermal pad shall be soldered on the board.
5. Dimensions of exposed pad on bottom of package do not include mold flash.
6. Contact PCB board fabrication for minimum solder mask web tolerances between the pins.
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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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