E §1= Silicon Content Technology S CT2600Q

4.5V-60V Vin, 0.6A, High Efficiency Step-down DCDC Converter
FEATURES

e Qualified for Automotive Applications
e AEC-Q100 Qualified with the Following Results:
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ELECTRICAL CHARACTERISTICS
Vin=12V, T;=-40AC~125AC, typical value is tested under 25AC.

SYMBOL
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Power Supply

Vin
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TYPICAL CHARACTERISTICS

Figure 2. Efficiency vs Load Current, Vout=5V Figure 3. Efficiency vs Load Current, Vout=12V

Figure 4. Load Regulation, Vin=12V, Vout=5V Figure 5. Load Regulation, Vin=24V, Vout=12V
Figure 6. Line Regulation Figure
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FUNCTIONAL BLOCK DIAGRAM
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Figure 8. Functional Block Diagram
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OPERATION

Overview

The SCT2600Q is a 4.5V-60V input, 0.6A output, buck converter with integrated 500mq Rdson high-side power
MOSFET. It implements constant frequency peak current mode control to regulate output voltage, providing
excellent line and load transient response.

The SCT2600Q features fixed 2.1MHz switching frequency, which minimizes the external off chip passive
components size and reduces the output ripple. The SCT2600Q features an internal 6ms 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 80uA under no load or sleep mode
condition to achieve high efficiency at light load.

The SCT2600Q has a default input start-up voltage of 4.23V with 200mV hysteresis. The EN pin is a high-voltage
pin with a precision threshold that can be used to
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where
. Viise IS rising threshold of Vin UVLO
. Viai is falling threshold of Vin UVLO

Output Voltage

R1

R2

Figure 9. System UVLO by enable divide

The SCT2600Q regulates the internal reference voltage at 0.765V with 2.5% 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. However, if the values are too high,
the regulator will be more susceptible to noise affecting output voltage accuracy.

®3)
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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 SCT2600Q LDO mode automatically reduces the switching frequency
to increase the effective duty cycle and maintain regulation.

Over Current Limit

The SCT2600Q implements over current protection with fold back current limit. The SCT2600Q cycle-by-cycle limits
high-side MOSFET peak current to avoid inductor current running away during unexpected overload or output hard
short condition.

When overload or hard short happens, the converter cannot provide output current to satisfy loading requirement.
The inductor current is clamped at over current limitation. Thus, the output voltage drops below regulated voltage
with FB voltage less than internal reference voltage continuously.

The SCT2600Q implements frequency fold back to protect the converter in unexpected overload or output hard
short condition at higher switching frequencies and input voltages. The oscillator frequency is divided by 1, 4, 8,
and 32 as the FB pin voltage falls from 0.765 V to 0 V. The SCT2600Q uses a digital frequency fold back to enable
synchronization to an external clock during normal start-up and fault conditions. During short-circuit events, the
inductor current can exceed the peak current limit because of the high input voltage and the minimum on-time.
When the output voltage is forced low by the shorted load, the inductor current decreases slowly during the switch
off-time. The frequency fold back effectively increases the off-time by increasing the period of the switching cycle
providing more time for the inductor current to ramp down.

With a maximum frequency fold back ratio of 32, there is a maximum frequency at which the inductor current can
be controlled by frequency fold back protection. Equation 4 calculates the maximum switching frequency at which
the inductor current remains under control when Vour is forced to Vour_sHort. The selected operating frequency
must not exceed the calculated value.

(max )= x( - ) (4)

where

lumir: Limited average current

Roc: Inductor DC resistance

Vin_max: Maximum input voltage

Vour sHort: Output voltage during short

Vq: Diode voltage drop

Rosen): Integrated high side FET on resistance
Tmin_on: Controllable minimum on time

foiv: Frequency divide equals (1,4,8 or 32)

Over voltage Protection

The SCT2600Q implements the Over-voltage Protection OVP circuitry to minimize output voltage overshoot during
load transient, recovering from output fault condition or light load transient. The overvoltage comparator in OVP
circuit compares the FB pin voltage to the internal reference voltage. When FB voltage exceeds 110% of internal
0.765V reference voltage, the high-side MOSFET turns off to avoid output voltage continue to increase. When the
FB pin voltage falls below 105% of the 0.765V reference voltage, the high-side MOSFET can turn on again.

Thermal Shutdown

The SCT2600Q protects the device from the damage during excessive heat and power dissipation conditions. Once
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the junction temperature exceeds 173 , the internal thermal sensor stops power MOSFETs switching. When the
junction temperature falls below 163 |, the device restarts with internal soft start phase.
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APPLICATION INFORMATION

Typical Application
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Figure 10. SCT2600Q Design Example, 5V Output with Programmable UVLO

Design Parameters

Design Parameters Example Value
Input Voltage 24V Normal
Output Voltage 5V
Maximum Output Current 0.6A
Switching Frequency 2.1 MHz
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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 10.2Kqg. Use equation
5 to calculate R5.

5=(C—v 1) 6 (%)
where:

e VRer
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= a- ) (9)

e Lwm is the minimum inductance required
e fswis the switching frequency

e Vour is the output voltage

e  Vinmay iS the maximum input voltage

e lout(max) is the maximum DC load current
¢ LIR is coefficient of ILpp to lout

The total current flowing through the inductor is the inductor ripple current plus the output current. When selecting
an inductor, choose its rated current especially the saturation current larger than its peak operation current and
RMS current also not be exceeded. Therefore, the peak switching current of inductor, ILpeak and ILrvs can be
calculated as in equation 10 and equation 11.

= (10)

=V P (7 (a

e lpeak is the inductor peak current

e louris the DC load current

e lrpp is the inductor peak-to-peak current
e Irws is the inductor RMS current

In overloading or load transient conditions, the inductor peak current can increase up to the switch current limit of
the device which is typically 1.6A. The most conservative approach is to choose an inductor with a saturation current
rating greater than 1.6A. Because of the maximum I.peax limited by device, the maximum output current that the
SCT2600Q 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
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The B360A-13-F diode has a junction capacitance of 200 pF. Using Equation 12, the total loss in the diode at the
maximum input voltage is 0.39 W.

If the power supply spends a significant amount of time at light load currents or in sleep mode, consider using a
diode which has a low leakage current and slightly higher forward voltage drop.

( - ) x x x x( + )? (12)
2

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 13.

I I \/VOUT
CINRMS — louT V.
IN
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capacitor like ceramic capacitor. For ceramic capacitors, the capacitance dominates the output ripple. For
simplification, the output voltage ripple can be estimated by Equation 16 desired.

AVoyr = 5 > ( ) (16)
Where

e VouTis the output voltage ripple

e fswis the switching frequency

e Lis the inductance of inductor

e Cour is the output capacitance

e Vour is the output voltage

e Vwis the input voltage

Due to capacitoris degrading under DC bias, the bias voltage can significantly reduce capacitance. Ceramic
capacitors can lose most of their capacitance at rated voltage. Therefore, leave margin on the voltage rating to
ensure adequate effective capacitance. Typically, one 10€F ceramic output capacitors work for most applications.
Table 2. Recommended External Components

Vout L1 CouT R1 R2
5V 15uH 10uF 56.2 KQ 10.2k
12v 22uH 10uF 147 KQ 10.2k
24V 47uH 10uF 309 KQ 10.2k
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Application Waveforms

Vin=24V, Vout=5V, unless otherwise noted

Figure 11. Power up(lload=0.6A) Figure 12. Power down(lload=0.6A)

Figure 13.EN toggle (lload=
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Layout Guideline

The regulator could suffer from instability and noise problems without carefully layout of PCB. Radiation of high-
frequency noise induces EMI, so proper layout of the high-frequency switching path is essential.

1.

18  For more information www.silicontent.com E 2023 Silicon Content Technology Co., Ltd. All Rights Reserved s

Product Folder Links: SCT2600Q



http://www.silicontent.com/

SCT2600Q

For more information www.silicontent.com


http://www.silicontent.com/

SCT2600Q



http://www.silicontent.com/

SCT2600Q

TAPE AND REEL INFORMATION
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