SC 4 SCT2650Q
1 Silicon Content Technology

4.5V-60V Vin, 5A, High Efficiency Step-down DCDC Converter with
Programmable Frequency

FEATURES

¢ Qualified for Automotive Applications
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 DEVICE ORDER INFORMATION.

DEVICE ORDER INFORMATION

ORDERABLE PACKAGING STANDARD PACKAGE PINS PACKAGE
DEVICE TYPE PACK QTY MARKING DESCRIPTION
SCT2650QSTER Tape & Reel 4000 2650Q 8 ESOP-8

ABSOLUTE MAXIMUM RATINGS

Over operating free-air temperature unless otherwise noted®

DESCRIPTION MIN MAX  UNIT
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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.
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SYMBOL | PARAMETER TEST CONDITION MIN TYP MAX | UNIT
Vcowmp_H COMP high clamp 2.25 \%
Vcowmp_L COMP low clamp 0.47 \%
Current Limit and Over Current Protection

65 s 2 |

Enable and Soft Startup
VEN
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In applications where both resistor setting frequency mode and clock synchronization mode are needed, the device
can be configured as shown in Figure 10. Before an external clock is present, the device works in resistor setting
frequency mode. When an external clock presents, the device automatically transitions from resistor setting mode
to external clock synchronization mode. An internal phase locked loop PLL locks internal clock frequency onto the
external clock within typical 85us. The converter transitions from the clock synchronization mode to the resistor
setting frequency mode when the external clock disappears.

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
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APPLICATION INFORMATION

Typical Application

V|N—4 5V~60V

ii

47uF 47u

7‘ 3V IOUT= 5

Figure 11. SCT2650Q Design Example, 3.3V Output with Programmable UVLO

Design Parameters

Design Parameters Example Value
Input Voltage 24V Normal 4.5V to 60V
Output Voltage 3.3V
Maximum Output Current 5A
Switching Frequency 500 KHz
Output voltage ripple (peak to peak) 16.5mV
Transient Response 1.25A to 3.75A load step AVout = 135mV
Start Input Voltage (rising VIN) 5.73V
Stop Input Voltage (falling VIN) 4.045Vv
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Inductor Selection

There are several factors should be considered in selecting inductor such as inductance, saturation current, the
RMS current and
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cts the selection of inductance. The smaller inductor results in larger inductor current ripple leading to a lower
ximum output current.

de Selection

SCT2650Q requires an external catch diode between the SW pin and GND. The selected diode must have a
erse voltage rating equal to or greater than VIN(max). The peak current rating of the diode must be greater than
the maximum inductor current. Schottky diodes are typically a good choice for the catch diode due to their low
forward voltage. The lower the forward voltage of the diode, the higher the efficiency of the regulator.

Typically, diodes with higher voltage and current ratings have higher forward voltages. A diode with a minimum of
60-V reverse voltage is preferred to allow input voltage transients up to the rated voltage of the SCT2650Q.

For the example design, the B560C-13-F Schottky diode is selected for its lower forward voltage and good thermal
characteristics compared to smaller devices. The typical forward voltage of the B560C-13-F is 0.7 volts at 5 A.

The diode must also be selected with an appropriate power rating. The diode conducts the output current during
the off-time of the internal power switch. The off-time of the internal switch is a function of the maximum input
voltage, the output voltage, and the switching frequency. The output current during the off-time is multiplied by the
forward voltage of the diode to calculate the instantaneous conduction losses of the diode. At higher switching
frequencies, the ac losses of the diode need to be taken into account. The ac losses of the diode are due to the
chaying-erfddischarging of the junction capacitance and reverse recover® e re
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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:

SYE S (1)
1= =
2 ;7 2 7
— 1 —
2=5 =3 (22)
where
e Roea is error amplifier output resistor
e Geais Error amplifier trans-conductance, 300uS typically
¢ Ruioap is equivalent load resistor
The system has one zero of importance from R4 and C7 (2)
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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 at fsw=500KHz

Vout L1 CoUT R4 c7 C6

2.5V 4.7uH 4*47UF 16.9K 4.70F 68pF (optional)
3.3V 5.5uH 4*47UF 20K 4.71F 47pF (optional)
5V 7.8uH 4*47UF 33.2K 3.3nF 22pF (optional)
12V 10uH 4*47UF 53.6K 1nF 220pF
24V 15uH 4*47UF 105k 1nF 220pF
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Inverting Power application

The SCT2650Q can be used to convert a positive input voltage to a negative output voltage. Typical applications
are amplifiers requiring a negative power supply.

26
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Application Waveforms

Vin=24V, Vout=3.3V, unless otherwise noted
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Figure 13. Power up(lload=5A) Figure 14. Power down(lload=3.5A)
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Figure 16. EN toggle (lload=20mA)
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Figure 17. Over Current Protection(1A to hard short) Figure 18. Over Current Release (hard short to 1A)
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Application Waveforms(continued)

Vin=24V, Vout=3.3V, unless otherwise noted
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Figure 19. Load Transient (0.5A-4.5A, 1.6A/us) Figure 20. Load Transient (1.25A-3.75A, 1.6A/us)
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Figure 21. Output Ripple (lload=0A) Figure 22. Output Ripple (lload=100mA)

Figure 23. Output Ripple (lload=5A) Figure 24. Thermal, 24VIN, 3.3Vout,5A
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Layout Guideline

Proper PCB layout is a critical for SCT2650Q
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TAPE AND REEL INFORMATION
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