SC-I" SCT2810

Silicon Content Technolox
! 9 Preliminary Specification, Rev.0.82 (Be Subject to Change)

4.4V-80V Vin, 1A, High Efficiency Synchronous Step-down
DCDC Converter

ED ST DR

e Wide Input Voltage Range: 4.4V-80V

e Continuous Output Current: 1A

e 1V+1% Feedback Reference Voltage at 25°C
e Integrated MOSFETs 320mQ / 160mQ Rdson
e Low shutdown current: 0.6uA

e Low Quiescent Current: 42uA

e Pulse Skipping Mode (PSM) in Light-Load

e Adjustable Frequency 200kHz
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SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT
Vsyne_ L RT input voltage of low level 0.45 \
ton_mIN® Minimum on-time 160 ns
torF_mIN* Minimum off-time 250 ns
tLoo* Maximum on time in LDO mode 6.5 us
Power Good
PG_UV . .

- tripping threshold POWER BAD (% of FB voltage) 87 %

\%
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Figure 8. Functional Block Diagram
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Overview

The SCT2810 is a 4.4V-80V input, 1A output, EMI friendly synchronous buck converter with built-in 320mQ Rdson
high-side and 160mQ Rdson low-side power MOSFETs. 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 adjustable from 200kHz 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 SCT2810 features an internal 3ms 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 42uA under no load or sleep mode condition to achieve high
efficiency at light load.

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. Connecting EN pin to
VIN directly starts up the device automatically.

SCT2810 achieves £8% random spread spectrum modulation expansion cent@e
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* When overcurrent occurs causing a decrease in output voltage.

When the above conditions are removed, the output voltage will still increase under soft start. But it should be noted
that if the output voltage drops below 37.5% due to overcurrent, hiccup will be triggered.

Switching Frequency and Clock Synchronization

The switching frequency of the SCT2810 is set by placing a resistor between RT/SYNC pin and the ground or
synchronizing to an external clock.

In resistor setting frequency mode, a resistor placed between RT/SYNC pin to the ground sets the switching
frequency over a wide range from 200kHz to 2.2MHz. The RT/SYNC pin voltage is typical 1V. RT/SYNC pin is not
allowed to be left floating or shorted to the ground. Use Equation 4 or the plot in Figure 10. to determine the
resistance for a switching frequency needed.

R(kQ) =30970x  (kHz) ~1027 4) @J[-@ =5
where, Fsw is switching clock frequency.

Figure 10. Setting Frequency and
Clock Synchronization

In clock synchronization mode, the switching frequency synchronizes to an external clock
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The hiccup protection mode above makes the average short circuit current to alleviate thermal issues and protect
the regulator.

Over voltage Protection

The SCT2810 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
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Output Voltage

The output voltage is set by an external resistor divider Table 1. Rs, R4 Value for Common Output Voltage
Rs and R4 in typical application schematic. (Room Temperature)
Recommended R4 resistance is 24.9kQ. Use Equation 5
to calculate Rs. Vour Rs R4

3.3V 57.6 kQ 24.9 kQ

5V 100 kQ 24.9 kQ

=(C—-1 5
3= ( ) ®) 12V 274 kQ 24.9 kQ

where: 24V 576 kQ 24.9kQ

* Vrer is the feedback reference voltage, typical
1v.

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 400kHz is selected to achieve both small solution size and high efficiency operation.

The resistor connected from RT/SYNC 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 Table 2. Fsw R1 (Rrsw)
1(kQ) =30970x  (kHz) -1.027 (6) 200 kHz 133 kQ
where: 400 kHz 64.9 kQ
* Fswis the desired switching frequency. 500 kHz 52.3kQ
750 kHz 34.8 kQ
1000 kHz 25.5 kQ
1500 kHz 16.9 kQ
2000 kHz 12.7 kQ
2200 kHz 11.5 kQ

Inductor Selection

There are several factors should be considered in selecting inductor such as inductance, saturation current, the
RMS current and DC resistance (DCR). Larger inductance results in less inductor current ripple and therefore leads
to lower output voltage ripple. However, the larger value inductor always corresponds to a bigger physical size,
higher series resistance, and lower saturation current. A good rule for determining the inductance to use is to allow
the inductor peak-to-peak ripple current to be approximately 30%~50% of the maximum output current.

The peak-to-peak ripple current in the inductor ILee can be calculated as in Equation 7.

C -
= (7)
Where:
e Iep is the inductor peak-to-peak current.
e Lis the inductance of inductor.
- fswis the switching frequency.
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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.

= a- ) (8)
« ) « )

¢ Lwmin is the minimum inductance required.
e fswis the switching frequency.

e Vour is the output voltage.

*  Vinmax is the maximum input voltage.

e louT (max) is the maximum DC load current.
e LIR is coefficient of ILpp to lour.

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, l.reak and lrms can be
calculated as in Equation 9 and Equation 10.

= + — (9)

=V P (7 (10)

e Ipeak is the inductor peak current.

e louris the DC load current.

e Ipp is the inductor peak-to-peak current.
e Iirws 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 1.7A. The most conservative approach is to choose an inductor with a saturation current
rating greater than 1.7A. Because of the maximum I.peax limited by device, the maximum output current that the
SCT2810 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 lower
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 11.
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Vout Vout
lcinrms = louT \/—V 1- v ) (11)
IN IN
The
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Application Waveforms

Vin=48V, Vout=5V, Fsw=400k, unless otherwise noted
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Layout Guideline

Proper PCB layout is a critical for SCT2810’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 overheat 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 10mil 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 switching area of the PCB conductor minimized to
prevent excessive capacitive coupling.

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

Figure 24. PCB Layout Example
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