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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 market
Revision 1.1: Delete VS in ABS table
Revision 1.2: Update Figure7, Figure8
Revision 1.3: Update Device Order Information

DEVICE ORDER INFORMATION

ORDERABLE PACKAGING STANDARD PACKAGE PINS PACKAGE
DEVICE TYPE PACK QTY MARKING DESCRIPTION
SCT2332TVBR Tape & Reel 3000 2332 6 TSOT23-6L
ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
Over operating free-air temperature unless otherwise noted®
DESCRIPTION MIN MAX | UNIT S
FB BST
BST -0.3 40 1 6
VIN, SW, EN -0.3 34 ENC 2 5 3 sSw
FB -0.3 5.5 v VIN ] 3 4 [ GND
Operating junction temperature® -40 125 °C
Storage temperature Tstc -65 150 °C Top View: TSOT23-6L, Plastic

(1) Stresses beyond those listed under Absolute Maximum Rating may cause device permanent damage. The device is not gis DA
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BST 6

Power supply for the high-side power MOSFET gate driver. Must connect a 0.1uF or
greater ceramic capacitor between BST pin and SW node.

RECOMMENDED OPERATING CONDITIONS

Over operating free-air temperature range unless otherwise noted

PARAMETER DEFINITION MIN MAX UNIT
ViN Input voltage range 3.8 32 \%
T; Operating junction temperature -40 125 °C

ESD RATINGS
PARAMETER DEFINITION MIN ‘ MAX ‘ UNIT
VEsD

sci
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SYMBOL | PARAMETER TEST CONDITION MIN  TYP MAX | UNIT

Rbson_L Low side FET on-resistance 42 mQ

Feedback and Error Amplifier

Ves Feedback Voltage 0.792 0.8 0.808 | V

Current Limit

ILM_HsD HSD peak current limit 4 45 5 A

ILim_LsD LSD valley current limit 3.2 4 4.8 A

Switching Frequency

Fsw Switching frequency ViN=12V, Vour=5V 360 400 440 | kHz

ton_mIN Minimum on-time 80 ns

Soft Start Time

tss Internal soft-start time 4 ms

Protection

Vour Output OVP threshold Vour rising 110 %
Hysteresis 5 %

Thic_w OCP hiccup wait time 512 Cycles

Thic R OCP hiccup restart time 8192 Cycles

Tep Thermal shutdown threshold Ty rising 160 oc
Hysteresis 25
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TYPICAL CHARACTERISTICS

Figure 1. Efficiency vs Load Current, Vin=12V Figure 2. Efficiency vs Load Current, Vin=12V

. Figure 4. Peak Current Limit vs Temperature
Figure 3. Shut-down Current vs Temperature

Figure 5
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Figure 7. Load Regulation, VIN=12V

Figure 8. Line Regulation, lout=3A
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FUNCTIONAL BLOCK DIAGRAM
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Figure 9. Functional Block Diagram
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OPERATION

Overview

The SCT2332 device is 3.8V-32V input, 3A output, EMI friendly, fully integrated synchronous buck converters. The
device employs fixed frequency peak current mode control. An internal clock with 4

8 For more information www.silicontent.com © 2018 Silicon Content Technology Co., Ltd. All Rights Reserved '
Product Folder Links: SCT2332



http://www.silicontent.com/

SCT2332

For more information www.silicontent.com © 2017 Silicon Content Technology Co., Ltd. All Rights Reserved 9



http://www.silicontent.com/

SCT2332

Peak Current Limit and Hiccup Mode

The SCT2332 has cycle-by-cycle peak current limit with sensing the internal high side MOSFET Q1 current during
overcurrent condition. While the Q1 turns on, its conduction current is monitored by the internal sensing circuitry.
Once the high-side MOSFET Q1 current exceeds the limit, it turns off immediately. If the Q1 over current time
exceeds 512 switching cycles (hiccup waiting time), the buck converter enters hiccup mode and shuts down. After
8192 cycles off, the buck converter restarts to power up. The hiccup modes reduce the power dissipation in over
current condition.

Over Voltage Protection and Minimum On-time

Both SCT2332 features buck converter output over voltage protection (OVP). If the output feedback pin voltage
exceeds110% of feedback reference voltage (0.8V), the converter stops switching immediately. When the output
feedback pin voltage drops below 105% of feedback reference voltage, the converter resumes to switching. The
OVP function prevents the connected output circuitry damaged from un-predictive overvoltage. Featured feedback
overvoltage protection also prevents dynamic voltage spike to damage the circuitry at load during fast loading
transient.

The high-side MOSFET Q1 has minimum on-time 80ns typical limitation. While the device operates at minimum on-
time, further increasing VIN results in pushing output voltage beyond regulation point. With output feedback over
voltage protection, the converter skips pulse by turning off high-side MOSFET Q1 and prevents output running away
higher to damage the load.

PSM Working Modes

In heavy load condition, the SCT2332 forces the device operating at forced Pulse Width Modulation (PWM) mode.
When the load current decreasing, the internal COMP net voltage decreases as the inductor current down. With the
load current further decreasing, the COMP net voltage decreases and be clamped at a voltage corresponding to
the 600mA peak inductor current. When the load current approaches zero, the SCT2332 enter Pulse Skipping Mode
(PSM) mode to increase the converter power efficiency at light load condition. When the inductor current decreases
to zero, zero-cross detection circuitry on high-side MOSFET Q1 forces the Q1 off till the beginning of the next
switching cycle. The buck converter does not sink current from the load when the output load is light and converter
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The floating supply (BST to SW) UVLO threshold is 2.7V rising and hysteresis of 350mV. When the converter
operates with high duty cycle or prolongs in sleep mode for certain long time, the required time interval to recharging
bootstrap capacitor is too long to keep the voltage at bootstrap capacitor sufficient. When the voltage across
bootstrap capacitor drops below 2.35V, BST UVLO occurs. The SCT2332 intervenes to turn on low side MOSFET
periodically to refresh the voltage of bootstrap capacitor to guarantee operation over a wide duty range.

Low Drop-out Regulation

To support the application of small voltage-difference between Vout and Vin, the Low Drop Out (LDO) Operation is
implemented by the SCT2332. The Low Drop Out Operation is triggered automatic when the off time of the high-
side power MOSFET exceeds the minimum off time limitation.

In low drop out operation, high-side MOSFET remains ON as long as the BST pin to SW pin voltage is higher than
BST UVLO threshold. When the voltage from BST to SW drops below 2.35V, the high-side MOSFET turns off and
low-side MOSFET turns on to recharge bootstrap capacitor periodically in the following several switching cycles.
Only 100ns of low side MOSFET turning on in each refresh cycle minimizes the output voltage ripple. Low-side
MOSFET may turn on for several times till bootstrap voltage is charged to higher than 2.7V for high-side

MOSFET working normally. Then high-side MOSFET turns on and remains on until bootstrap voltage drops to
trigger bootstrap UVLO again. Thus, the effective duty cycle of the switching regulator during Low Drop-out LDO
operation can be very high even approaching 100% as shown in Figure 14.

During ultra-low voltage difference of input and output voltages, i.e. the input voltage ramping down to power down,
the output can track input closely thanks to LDO operation mode.

Thermal Shutdown

Once the junction temperature in the SCT2332 exceeds 160°C, the thermal sensing circuit stops converter
switching and restarts with the junction temperature falling below 135°C. Thermal shutdown prevents the damage
on device during excessive heat and power dissipation condition.
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loss. For a certain inductor, larger current ripple generates higher DCR and ESR conduction losses and higher core
loss.

Output Capacitor Selection

For buck converter, the output capacitor value determines the regulator pole, the output voltage ripple, and how the
regulator responds to a large change in load current. The output capacitance needs to be selected based on the
most stringent of these three criteria.

For small output voltage ripple, choose a low-ESR output capacitor like a ceramic capacitor, for example, X5R and
X7R family. Typically, 1 3x 22puF ceramic output capacitors work for most applications. Higher capacitor values

can be used to improve the load transient response. Due to a capacitor’'s de-rating under DC bias, the bias 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.

From the required output voltage ripple, use the equation (6) to calculate the minimum required effective
capacitance, Cour.

~8x x (6)

Where
e Vourripple iS output voltage ripple caused by charging and discharging of the output capacitor.
e Alipp is the inductor peak to peak ripple current, equal to kino * lour.
e fswis the converter switching frequency.
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Application Waveforms

Te}(Smp [ I : Tek Prevu i : Tt
2 {vouT:
B
o O
| ‘ :
= - - | | L
| Y
Blsw I iy I

R 200V 2.00 4
Figure 16. SW node waveform and Output Ripple Figure 17. SW node Waveform and Output Ripple
VIN=24V, IOUT=3A VIN=24V, IOUT=10mA
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Figure 18. Power Up Fi
_ _ _ gure 19. Power Down
VIN=24V, VOUT=5V, I0UT=3A VIN=24V, VOUT=5V, IOUT=3A
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Figure 20. Load Transient Figure 21. Load Transient
VOUT=5V, IOUT=0.3A to 2.7A, SR=250mA/us VOUT=5V, IOUT=0.75A to 2.25 A, SR=250mA/us
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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. Minimize the length
and area of all traces connected to the SW pin, and always use a ground plane under the switching regulator to
minimize coupling. The input capacitor needs to be very close to the VIN pin and GND pin to reduce the input supply
ripple. Place the capacitor as close to VIN pin as possible to reduce high frequency ringing voltage on SW pin as
well. Figure 22 is the recommended PCB layout of SCT2332.

The layout needs be done with well consideration of the thermal. A large top layer ground plate using multiple
thermal vias is used to improve the thermal dissipation. The bottom layer is a large ground plane connected to the
top layer ground by vias.

Figure 22. PCB Layout Example
Thermal Considerations

The maximum IC junction temperature should be restricted to 125°C under normal operating conditions. Calculate
the maximum allowable dissipation, Ppomax), and keep the actual power dissipation less than or equal to Ppmax) . The
maximum-power-dissipation limit is determined using Equation (12).
_125-—

8IA

) (12)

where
e Tais the maximum ambient temperature for the application.
¢ Raais the junction-to-ambient thermal resistance given in the Thermal Information table.

The real junction-to-ambient thermal resistance Reia of the package greatly depends on the PCB type, layout,
thermal pad connection and environmental factor. Using thick PCB copper and soldering the GND to a large ground
plate enhance the thermal performance. Using more vias connects the ground plate on the top layer and bottom
layer around the IC without solder mask also enhance the thermal capability.
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DESCRIPTION COMMENTS

SCT2320 3.8V-32V Vin, 2A Synchronous
SCT2321 Step-down DCDC Converter with
EMI Reduction

500KHz switching frequency

2A Continuous output current

EMI reduction with switching node ringing-free.
Ultra-low quiescent current. High efficiency PFM at
light load (SCT2320)

Frequency Spread Spectrum (SCT2320)

. Fixed PWM mode for lower output ripple (SCT232
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