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Silicon Content Technology

SCT24A0

Preliminary Specification, Rev.0.81 (Be Subject to Change)

3.5V-36V Vin, 10A, High Efficiency
Synchronous Step-down DCDC Converter

FEATURES

e Wide Input Range: 3.5V-36V
e Up to 10A Continuous Output Current

e 1V+1% Feedback Reference Voltage at room
temperature

e Integrated 21mQ High-Side and 13mQ Low-Side
Power MOSFETs

e 0.8uA Quiescent Current with BIAS Connected to
an auxiliary power supply to 5V

e 115ns Minimum On-time

e 3.5ms Internal Soft-start Time

e Adjustable Frequency 200kHz to 2.2MHz
e External Clock Synchronization

e Frequency Spread Spectrum (FSS) Modulation for
EMI Reduction

e External BIAS for improved efficiency

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

e Parallel input path to minimize switch node ringing

e Low Dropout Function and Minimum On Time
Function

e Power Good Indicator

e Over-voltage and Over-Temperature Protection

e Available in 4mm*4mm FCQFN-24L Package with
wettable flanks

APPLICATIONS

e USB Type-C Power Delivery, USB Charging
e Industrial and Medical Distributed Power Supplies
e Large Cleaning Robot

DESCRIPTION

The SCT24A0 is 10A synchronous buck converters
with wide input voltage, ranging from 3.5V to 36V,
which integrates a 21mQ high-side MOSFET and a
13mQ low-side MOSFET. The SCT24A0, adopting the
peak current mode control, supports the Pulse Skipping
Modulation (PSM) with typical 0.8uA (BIAS=5V) low
quiescent current which assists the converter on
achieving high efficiency at light load or standby
condition.

The SCT24A0 features adjustable switching frequency
from 200kHz 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 200kHz to 2.2MHz. The SCT24A0 integrates LDO
function and minimum on time function, so it can
support normal operation within a wide range of duty
cycles.

The SCT24A0 is an Electromagnetic Interference (EMI)
friendly buck converter with implementing optimized
design for EMI reduction. The SCT24A0 features
Frequency Spread Spectrum FSS use a
pseudorandom frequency hopping with +4% jittering
span of the switching frequency to reduce the
conducted EMI.

The SCT24A0 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 4mm*4mm FCQFN-24L package with
wettable flanks.

TYPICAL APPLICATION
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REVISION HISTORY

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Revision 0.8: Customer Samples.
Revision 0.81: Update relevant parameters based on the latest batch test data.

DEVICE ORDER INFORMATION

ORDERABLE PACKAGING STANDARD PACKAGE PINS PACKAGE MSL
DEVICE TYPE PACK QTY MARKING DESCRIPTION
SCT24A0FDAR Tape & Reel 5000 24A0 24 FCQFN4x4-24L TBD
ABSOLUTE MAXIMUM RATINGS
Over operating free-air temperature unless otherwise noted @ PIN CONFIGURATION
BIAS BST VIN2 PGND2
DESCRIPTION MIN MAX 1 4] 2] 2 ;21‘ ;20‘
| [ [N B BT,
BIAS 717‘4\ I } ‘ I ad
VINZ, VIN2 @ -0.3 42 I P I
vec[z2 ) k,) } ‘ig
EN -0.3 42 E—— l_ 7]
B3 |
BST -0.3 47.5 s R
cowp|s V. ______ |
y B \ [
PGOOD| 6 | ( 3 } vy
.
S T 1
} | }8} l'o 1 ‘101 i i)
RT EN VIN1 PGND1
Figure 1. 24-Lead FCQFN 4mmx4mm
(Sketch Map)
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ELECTRICAL CHARACTERISTICS
Vin=12V, 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 3.5 36 \
IsHDN Shutdown current from VIN pin EN=0, Vrs=1.05V 0.6 HA
lg_sias Quiescent current from VIN pin Ven=12V, Vrs=1.05V, Vgias=5V 0.8 5 A
lo Quiescent current from VIN pin Ven=12V, Ves=1.05V 36 50 A
Isias Quiescent Current into BIAS pin | Vre=1.05V, Ven=12V, Veias=5V 36 50 uA
VCC LDO and BIAS
v Vcc voltage at CCM-mode Vrs=0.8V 4.2 \
« Vcc voltage at non-switching Ves=1.05V 4
Vce UVLO Threshold Vce rising 3.25 3.48 \Y,
Vee_uvio -
Hysteresis 400 mV
- BIAS voltage rising, Vcc power
VBIASJlsmg SWitCh to BIAS 4.6 V
_ BIAS voltage falling, Vcc power
Veias_faling switch back to Vin 4.2 M
Power MOSFETs
High-side MOSFET on-
Roson_H resistance 21 mQ
Low-side MOSFET on-
Roson_L resistance 13 mQ
Reference and Control Loop
Tj=25°C 0.99 1 1.01 \%
VRer Reference voltage of FB -
Tj=-40°C~125°C 0.98 1.02 \%
Error amplifier trans-
Gea conductance 36 WS
Icomp_src EA maximum source current Vrs=0V, Vcomp=2V A
Icomp_snk EA maximum sink current Vee=2V, Vcompr=0.53V A
Vcomp_H COMP high voltage \Y,
Vcowmp_L COMP low voltage 0.53 \%
Current Limit and Over Current Protection
I bs H|gh-5|d_e power MOSFET peak 105 16 225 A
- current limit
Low-side power MOSFET
ILim_Lssre souring current limit 9 12 18 A
Iroc Low-side reverse current limit 6 A
\ Hiccup trigger threshold voltage
Vchcup on EB p|n 0.4 \%
tHiccup_delay Delay time of Hiccup trigger 128 cycle
tHiccup Hiccup protection time 40 ms
Ireak at PSM mode and duty is
lPEAK_PSM_0 closing to 0% 1.6 A
Ireak at PSM mode and duty is
IPEAK_PSM_100 closing to 100% 0.6 A
For more information www.silicontent.com © 2025 Silicon Content Technology Co., Ltd. All Rights Reserved 5
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SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT
Enable and Soft Startup
VN wake EBI(_)VL?:S-T;;eShmd when VCC 0.7 v
VEN_OK_rising EN-OK threshold rising 1.26 1.4 \%
VEN_OK_falling EN-OK threshold falling 0.75 0.93 \Y
VEN_OK_HYST EN-OK threshold hysteresis 0.33 \
len EN pin input current Ven=Vin=12V 200 nA
tss Internal soft start time 3.5 ms
Time from first SW pulse to
tss2 release of hiccup lockout if 6.8 ms
output not in regulation
Switching Frequency and External Clock Synchronization
FRrRANGE_RT Frequency range using RT mode 200 2200 kHz
Fsw Switching frequency Rr1=40.2 kQ (1%) 380 400 420 kHz
Fsw Switching frequency Rr1=6.8 kQ (1%) 2 2.2 2.4 MHz
FrRANGE_cLK ;rgggency range using CLK 200 2200 kHz
S e
Vsync_H RT input voltage of high level 3 \%
Vsync_ L RT input voltage of low level 0.7 \%
ton_MIN Minimum on-time 115 ns
torFF_mIN Minimum off-tion 250 ns
tLoo Maximum on time in LDO mode 10 us
Power Good
Vee uv PGOOD flag under voltage POWER GOOD (% of FB voltage) 90 %

- tripping threshold POWER BAD (% of FB voltage) 87 %
Vee ov PGOOD flag over voltage POWER BAD (% of FB voltage) 112 %

B tripping threshold POWER GOOD (% of FB voltage) 109 %
Vin_pe }Eﬁlg:i;/r?ltage for proper PGOOD 12 v
VpG_Low PGOOD low level output voltage | lpuiup = 1 mA 0.15 \%
th6_ H_DLY gglr?;ll time to PGOOD high 29 ms
tpG_ Degitch FGOOD OV and UV glitch filter 27 us

ime
Protection
Vouk Feedback overvoltage with Vrs/VRer rising 112 %
respect to reference voltage Vre/Vrer falling 109 %
VesT_uv BST-SW UVLO Threshold BST-SW voltage 2.5 \%

" T rising

Tsp Thermal shutdown threshold
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TYPICAL CHARACTERISTICS

Figure 2. Efficiency, Fsw=400kHz, BIAS=Vour=5V Figure 3. Efficiency, Fsw=400kHz, Vour=5V
Figure 4. Efficiency, Fsw=400kHz, Vour=3.3V Figure 5. Efficiency, Fsw
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TYPICAL CHARACTERISTICS
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Enable and Under Voltage Lockout Threshold

Start-up and shutdown are controlled by the EN input and VIN UVLO. The SCT24A0 is enabled when the VIN pin
voltage rises above 3.5V and the EN pin voltage exceeds the enable threshold of 1.26V. For the device to remain
in shutdown mode, apply a voltage below 0.7V to the EN pin. In shutdown mode, the quiescent current drops to
0.6UA (typical). At a voltage above 0.7 and below 1.26V, VCC is active, and the SW node is inactive.

The EN pin cannot be left floating. The 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. This can be used for sequencing, preventing re-triggering of the device when used with long input cables, or
reducing the occurrence of deep discharge of a battery power source. The UVLO threshold can be calculated by
Equation 1 respectively.

VIN
1=C—-1)

R1
= (1 - ) (l) EN

+—— Enable ——

Where: R2

. Von =Vin turn on voltage

. Vorr=Vin turn off voltage
Figure 15. System UVLO by enable divide

Output Voltage

The SCT24A0 regulates the internal reference voltage at 1.0V with 2% 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 2 to calculate resistance of resistor dividers.
To improve efficiency at light loads,
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Frequency Spread Spectrum

To reduce EMI, the SCT24A0 implements Frequency Spread Spectrum (FSS). The purpose of spread spectrum is
to eliminate peak emissions at specific frequencies by spreading these emissions across a wider range of
frequencies rather than apart with fixed frequency function. In most systems containing the SCT24A0, low
frequency-conducted emissions from the first few harmonics of the switching frequency can be easily filtered.

The FSS circuit uses pseudo-random frequency hopping to vary the switching frequency within a specific range.
The jittering span is +4% of the switching frequency. The spread spectrum is only available while the clock of the
SCT24A0 devices is free running at their natural frequency. Any of the following conditions overrides spread
spectrum, turning it off:
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Thermal Shutdown

The SCT24A0 protects the device from the damage during excessive heat and power dissipation conditions. Once
the junction temperature exceeds 168°C, the internal thermal sensor stops power MOSFETs switching. When the
junction temperature falls below 160°C, the device restarts with internal soft start phase.
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APPLICATION INFORMATION
Typical Application

ViN=7.6V~36V
o

ClJ_ CZJ_CSJ_ o o _LC4_]_C5 4

R1 < 10uF | 10uF | 47nF 47nF | 10uF
383 2 PGND1 PGND2 L1
3.3uH

EN BIAS

m Vour=5V lour=10A
R2 3 sw T ' 0
76.8k 3 R4 100k C9==C10==Cll==C1
R3 C14 A4T7uF| 47uF] 47uF | 47uF P
40.2k inF ) 1 R5 c13
c7 B 100k 47pF
1uF

R6
24.9k

10uF

Figure 18. SCT24A0 Design Example, 5V Output with Adjustable UVLO

Design Parameters

Design Parameters Example Value
Input Voltage 12V Normal 7.6V to 36V
Output Voltage 5V
Maximum Output Current 10A
Switching Frequency 400kHz
Output voltage ripple (peak to peak) 5.8mV
Transient Response 2.5A to 8.5A load step AVout = 436mV
Start Input Voltage (rising VIN) 7.6V
Stop Input Voltage (falling VIN) 5.5V
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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 24.9kQ. Use Equation
4 to calculate R5. Vour Rs Re
18 V 19.6 kQ 24.9 kQ
25 V 37.4 kQ 24.9 kQ
=(——-1 4
5= ( ) e @) 3.3 V 57.6 kQ 24.9 kQ
where: 5V 100 kQ 24.9kQ
1V Vrer is the feedback reference voltage, typical 12V 291 kO 20 kO

Switching Frequency

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. In this design, a moderate switching
frequency of 400 kHz is selected to achieve both small solution size and high efficiency function.

The resistor connected from RT to GND sets switching Table 2. Rrsw Value for Common Switching Frequencies

frequency of the converter. The resistor value required (Room Temperature)
for a desired frequency can be calculated using
Equation 5 or determined from Figure 17. Fsw Rs (Rrsw)
,(kQ) = 16.4 - 0.633 ) 200 kHz 80.5 kQ
where: 400 kHz 40.2 kQ
« fswis the desired switching frequency 800 kHz 19.6 kQ
1200 kHz 13 kQ
1700 kHz 9.09 kQ
2200 kHz 6.81 kQ

Under Voltage Lock-Out

An external voltage divider network of R1 from the input to EN pin and R2 from EN pin to the ground can set the
input voltage’s Under Voltage Lock-Out (UVLO) threshold. The UVLO has two thresholds, one for power up when
the input voltage is rising and the other for power down or brown outs when the input voltage is falling. For the
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SCT24A0 can deliver also depends on the inductor current ripple. Thus, the maximum desired output current also
affects the selection of inductance. The smaller inductor results in larger inductor current ripple leading to a higher
maximum output current.

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 because of their low
ESR and small temperature coefficients, and it is strongly recommended to use another lower value capacitor (e.g.,
0.1uF) with small package size (0603) to filter high frequency switching noise. Place the small size capacitor as
close to VIN and GND pins as possible.

The voltage rating of the input capacitor must be greater than the maximum input voltage. And the capacitor must
also have a ripple current rating greater than the maximum input current ripple. The RMS current in the input
capacitor can be calculated using Equation 12.

vV vV,
lcinrms = lour Vv \?IL:‘T 1- %) (12)

The worst-case condition occurs at Vin=2*Vout, where:

lcinrms = 0.5 loyr (13)

For simplification, choose an input capacitor with an RMS current rating greater than half of the maximum load
current.

When selecting ceramic capacitors, it needs to consider the effective value of a capacitor decreasing as the DC
bias voltage across a capacitor increases.

The input capacitance value determines the input ripple voltage of the regulator. The input voltage ripple can be
calculated using Equation 14 and the maximum input voltage ripple occurs at 50% duty cycle.

_ _lout Vout _ Vourt
AVin = fsw Cin VIN @ ViN ) (14)

For this example, four 10uF, X7R ceramic capacitors rated for 50 V in parallel are used. And a 0.1uF for high-
frequency filtering capacitor is placed as close as possible to the device pins.

Bootstrap Capacitor Selection

A 0.1uF ceramic capacitor must be connected between BOOT pin and SW pin for proper function. 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
simplification, the output voltage ripple can be estimated by Equation 15 desired.

AVout = 82(—_) (15)

Where:
e AVgyris the output voltage ripple.
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fy= ! (22)
s 2 15 7
The crossover frequency of converter is shown in Equation 23.
f = ! (23)

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 R7 with Equation 24 once crossover frequency is selected.

2
7= (24)

Then calculate C14 by placing a compensation zero at or before the output stage pole.

M=—" (25)
7
Determine if the optional compensation capacitor C15 is required. Generally, it is required if the ESR zero fz2 is
located less than half of the switching frequency. Then fp3 can be used to cancel fz2. C15 can be calculated with
Equation 26.

5= (26)

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 do not list in Table 3, customers can use Equation 24-
Equation 26 to optimize the compensation components.

Table 3: Typical External Component Values

scT
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VOUT | FREQUENCY R5 R6 R3 L1 R7 Cl14 C15 C13
3.3V 400kHz 57.6kQ | 249kQ | 40.2kQ | 2.2uH 255kQ 1nF / 47 pF
3.3V 2200kHz 57.6kQ | 249kQ | 6.81kQ | 0.56uH | 499kQ | 470 pF / 68 pF

5V 400kHz 100kQ | 24.9kQ | 40.2kQ | 3.3uH 255 kQ 1nF / 47 pF

5V 2200kHz 100kQ | 249kQ | 6.81kQ | 0.68uH | 499kQ | 470 pF / 68 pF

12v 400kHz 274kQ | 249kQ | 40.2kQ | 5.6uH 400kQ | 500 pF / 10 pF
For more information www.silicontent.com © 2025 Silicon Content Technology Co., Ltd. All Rights Reserved 21
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Application Waveforms
Vin=12V, Vour=5V, Fsw=400k, unless otherwise noted

[1] s‘ou.v B 20.0ms . 50.0Mi%/ % df & soov B . 20.0ms SO‘UM}'A"/.%')‘ [1 8
500 & 5004 & ][ 10M 45 5,00 ¥ ] 5.00% & SO0A B ][ 10M 5 6.0V ]
Figure 19. Power up (ILoap=10A) Figure 20. Power down (ILoao=10A)

10.0ms [
100A & 10M 5

2,50
Figure 21. EN toggle (lL.oap=0.1A) Figure 22. EN toggle (ILoao=10A)
Tek £1E [ | Tek {21F I 1
y "
.'.v'-m —— '-'.-.'-.T : : 1 Bivin : |
G : DIP
B{Vout:
B - :
5.00Y B 10.0ms 100My% /7 FD hs & ooy By 10.0ms 100MER /54 i
500V B 5004 8 ][ 10M f5 250V ] 5.00V W 5004 B J[ 10M & 250V ]
Figure 23. Over Current Protection (5A to hard short) Figure 24. Over Current Release (hard short to 5A)
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Application Waveforms
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Figure 25. Load Transient (1A~9A, 1.6A/us) Figure 26. Load Transient (2A~8A, 1.6A/us)
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Figure 27. Output Ripple (ILoap=0A) Figure 28. Output Ripple (IL.oap=0.1A)
Tek {211 [ I 1 FLUKE 1.4

® . 500V 10.0mY e (40
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Figure 29. Output Ripple (IL.oap=10A) Figure 30. Thermal, 12Vin, 5Vour, 10A
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Layout Guideline

Proper PCB layout is a critical for SCT24A0’s stable and efficient function. 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 overheat area.

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

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

4. The RT 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.

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

6. For achieving better thermal performance, a four-layer layout is strongly recommended.

Figure 31. PCB Layout Example (Sketch Map)
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PACKAGE INFORMATION
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TAPE AND REEL INFORMATION

—
PRODUCT SPECIFICATIONS !
THRE 14 n;rHl 2 T_:| P onia fl W2 i) =
12MNil 1274 19:4-
16mm  330=2.C 16.4 234
2400 330+e0 24 .4 314
32MM 33020 32.4 394
44MM  330x2.0 100x1 44 .4 514
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NOTE:

LR BA#Es S APS: .. . .,
2. 104 EEFL AT R A TSR 0.2 mm;
3-250mmmils {1 A T Zmm; -

SYMBOL AO BO K0 PO P1 P2

SPEC |4.3040. 10 |4.3040. 10| 1. 10£0. 10 | 4. 00+0. 10 | 8. 00£0. 10| 2. 000. 05

SYMBOL T E F DO D1 W

SPEC |0.30+0.05| 1. 7540. 10 | 5. 5040. 05 | 1. 55¢0. 05 | 1. 55+0. 10 [12. 00+0. 30

L] T L] L]
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