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3.6V-36V Vin, 3A, High Efficiency Synchronous Step-down DCDC Converter

FEATURES

e AEC-Q100 Qualified with the Following Results:
- Device Temperature Grade 1:
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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.

Revision 1.1: Update Pin Functions.

Revision 1.2: Update the selection of resistor R4 in APPLICATION INFORMATION.

Revision 1.3: Update lum_1s, PACKAGE INFORMATION and TAPE AND REEL INFORMATION.
Revision 1.4: Update DEVICE ORDER INFORMATION.

Revision 1.5: Update the limit of ILm_ns and ILim_Lssre.

Revision 1.6: Update THERMAL INFORMATION.

DEVICE ORDER INFORMATION

ORDERABLE PACKAGING
DEVICE TYPE
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ELECTRICAL CHARACTERISTICS
Vin=24V, T;=-40°C~125°C, typical value is tested unde
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TYPICAL CHARACTERISTICS

Figure 2. Efficiency, Fsw=2.1MHz, Vour=3.3V Figure 3. Efficiency, Fsw=2.1MHz, Vour=5V

Figure 4. Line Regulation
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FUNCTIONAL BLOCK DIAGRAM
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Figure 8. Functional Block Diagram
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OPERATION

Overview
The SCT2434CQ is a 3.6V-36V input, 3A
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Enable and Under Voltage Lockout Threshold

The SCT2434CQ is enabled when the VIN pin voltage rises about 3.4V and the EN pin voltage exceeds the enable
threshold of 1.24V. The device is disabled when the VIN pin voltage falls below 3.1V or when the EN pin voltage is
below 1.12V. An internal 1uA 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.

— 1) ci
?

(2)

where
. Viise is rising threshold of Vin UVLO
. Vi is falling threshold of Vin UVLO

Figure 9. System UVLO by enable divide
. [1=1UA, 12=3.8UA, Venr=1.24V, Venr=1.12V

Output Voltage

The SCT2434CQ regulates the internal reference voltage at 1.0V 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
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Bootstrap Voltage Regulator and Low Drop-out Operation

An external bootstrap capacitor between BOOT pin and SW pin powers the floating gate driver to high-side power
MOSFET. The bootstrap capacitor voltage is charged from an integrated voltage regulator when high-side power
MOSFET is off and low-side power MOSFET is on.

The UVLO of high-side MOSFET gate driver has rising threshold of 3.1V and hysteresis of 400mV. When the device
operates with high duty cycle or extremely light load, bootstrap capacitor may be not recharged in considerable long
time. The voltage at bootstrap capacitor is insufficient to drive high-side MOSFET fully on. When the voltage across
bootstrap capacitor drops below 2.7V, BOOT UVLO occurs. The converter forces turning on low-side MOSFET
periodically to refresh the voltage of bootstrap capacitor to guarantee the converter’s operation over a wide duty
range.

During the condition of ultra-low voltage difference from the input to the output, SCT2434CQ operates in Low Drop-
Out LDO mode. High-side MOSFET remains turning on as long as the BOOT pin to SW pin voltage is higher than
BOOT UVLO threshold 3.1V. When the voltage from BOOT to SW drops below 2.7V, the high-side MOSFET turns
off and low-side MOSFET turns on to recharge bootstrap capacitor periodically in the following several switching
cycles. Low-side MOSFET only turns on for 100ns in each refresh cycle to minimize the output voltage ripple. Low-
side MOSFET may turn on for several times till the bootstrap voltage is charged to higher than 3.1V for high-side
MOSFET working normally. The effective duty cycle of the converter during LDO operation can be approaching to
100%.

During slowing power up and power down application, the output voltage can closely track the input voltage ramping
down thanks to LDO operation mode. As the input voltage is reduced to near the output voltage, i.e. during slowing
power-up and power-down application, the off-time of the high side MOSFET starts to approach the minimum value.
Without LDO operation mode, beyond this point the switching may become erratic and/or the output voltage will fall
out of regulation. To avoid this problem, the SCT2434CQ LDO mode automatically reduces the switching frequency
to increase the effective duty cycle and maintain regulation.
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Figure 10. LDO Operation Characteristic (Voutr=5V)
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APPLICATION INFORMATION
Typical Application

Vin=5.9V~36V
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Figure 11. SCT2434CQ Design Example, 5V Output with Adjustable UVLO
Design Parameters
Design Parameters Example Value
Input Voltage 12V Normal 5.9V to 36V
Output Voltage 5V
Maximum Output Current 3A
Switching Frequency 2.1MHz
Output voltage ripple (peak to peak) 5mV
Transient Response 0.75A to 2.25A load step AVout = 268mV
Start Input Voltage (rising VIN) 5.9V
Stop Input Voltage (falling VIN) 4.1V
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Output Voltage

The output voltage is set by an external resistor divider Table 1. Rs, RaValue for Common Output Voltage
Rs and R4 in typical application schematic. When the (Room Temperature)
output voltage is greater than 3V, recommended R4
resistance is 24.9KQ. Use Equation 4 to calculate Rs. Vour R3 R4
33 V 57.6 KQ 24.9 KQ
5 V 100 KQ 24.9 KQ
— 4
“) 12 Vv 274 KQ 24.9 KQ
where:

* Vrer is the feedback reference voltage, typical
v

If the output voltage is less than 3V, R4 cannot exceed
24 KQ.

Under Voltage Lock-Out

An external voltage divider network of R1 from the input to EN pin and Rz 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
example design, the supply should turn on and start switching once the input voltage increases above 5.9V (start
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e Vour is the output voltage
e Vi is the input voltage

Since the inductor-current ripple increases with the input voltage, so the maximum input voltage in application is
always used to calculate the minimum inductance required. Use Equation 8 to calculate the inductance value.

- 8
Where
¢ Lwminis the minimum inductance required
e fswis the switching frequency
e Vour is the output voltage
e Vi
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— — (11)
The worst case condition occurs at Vin=2*Vour, where:
(12)
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Application Waveforms
Vin=12V, Vout=5V, unless otherwise noted

Figure 12. Power up(lLoap=3A) Figure 13. Power down(lLoap=3A)
Figure 14. EN toggle (lL.oap=0.1A) Figure 15. EN toggle (I
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Application Waveforms
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Figure 18. Load Transient (0.3A-2.7A, 1.6A/us) Figure 19. Load Transient (0.75A-2.25A, 1.6A/us)
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Figure 20. Output Ripple (ILoab=100mA)
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Figure 22. Output Ripple (ILoab=3A) Figure 23. Thermal, 12Vin, 5Vour, 2A
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Layout Guideline

Proper PCB layout is a critical for SCT2434CQ’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 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. UVLO adjust and feedback components should connect to small signal ground which must return to the GND
pin without any interleaving with power ground.

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

Figure 24. PCB Layout Example
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TAPE AND REEL INFORMATION
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