SCT9331C

Rev.1.0

For more information


http://www.silicontent.com/

SCT9331C

REVISION HISTORY

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Revision 1.0: Release to production.

DEVICE ORDER INFORMATION

ORDERABLE PACKAGING STANDARD PACKAGE PINS PACKAGE MSL
DEVICE TYPE PACK QTY MARKING DESCRIPTION
SCT9331CSTDR Tape & Reel 4000 331C 8 SOP-8L 3
ABSOLUTE MAXIMUM RATINGS
Over operating free-air temperature unless otherwise
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RECOMMENDED OPERATING CONDITIONS

Over operating free-air temperature range unless otherwise noted.

PARAMETER DEFINITION MIN MAX UNIT
ViN Input voltage range 3.8 28 V
T; Operating junction temperature -40 125 °C
ESD RATINGS
PARAMETER DEFINITION MIN MAX UNIT
Human Body Model (HBM), per ANSI-JEDEC-JS-001-
) - -2.5 +2.5 kV
Vv 2014 specification, all pins (V)
Esb Charged Device Model (CDM), per ANSI-JEDEC-JS-002-
o S0 -1 +1 kV
2014specification, all pins @
(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.
THERMAL INFORMATION
PARAMETER THERMAL METRIC SOP-8L UNIT
Rea Junction to ambient thermal resistance () 84.75
Wor Junction-to-top characterization parameter 10.57
Wis Junction-to-board characterization parameter () 43.01 °C/IW
Reuctop Junction to case thermal resistance () 53.01
Ress Junction-to-board thermal resistance () 43.23

(1) SCT provides Rgjaand Rgyc numbers only as reference to estimate junction temperatures of the devices. Rg;aand Reyc are not a
characteristic of package itself, but of many other system level characteristics such as the design and layout of the printed circuit
board (PCB) on which the SCT9331C is mounted. The PCB board is a heat sink that is soldered to the leads of the SCT9331C.
Changing the design or configuration of the PCB board changes the efficiency of the heat sink and therefore the actual Rg;aand Rgjsc.
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ELECTRICAL CHARACTERISTICS
ViN=12V, Ty=-40°C~125°C, typical value is tested under 25°C.
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FUNCTIONAL BLOCK DIAGRAM
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Figure 7. Functional Block Diagram
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An internal 1uA pull up current source connected from internal LDO power rail to EN pin guarantees that floating
EN pin automatically enables the device. For the application requiring higher VIN UVLO voltage than the default
setup, there is a 4.2uA hysteresis pull up current source on EN pin which configures the VIN UVLO voltage with an

off-chip resistor divider R3 and R4, shown in Figure 8. The resistor divider R3 and R4 are calculated by equation
(1) and (2).

EN pin is a high voltage pin and can be directly connected to VIN to automatically start up the device with VIN rising
to its internal UVLO threshold.

VIN |
R3
EN
R4
Figure 8. Adjustable VIN UVLO
(—
3=
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converter. The switching node ringing amplitude and cycles are damped by the built-in MOSFETs gate driving
technique (SCT Patented Proprietary Design). The switching node zoomed in wave form is shown in Figure 9.

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 SCT9331C. When VIN is close to output voltage and minimum off time is triggered, switching
on timé willshe extemded to avoid output voltage drops, switching frequency will decrease accordingly. After
maximum On-time (Typ.25pus) is triggered, SW will be in max duty cycle (Typ. 99.5%) operation. Thus, the effective
duty cycle of the switching regulator during Low Drop-out C
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Input Capacitor Selection

For good input voltage filtering, choose low-ESR ceramic capacitors. A ceramic capacitor 10uF is recommended for
the decoupling capacitor anda0.
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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 22uF 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
*  Vourtripple IS OUtput voltage ripple caused by charging and discharging of the output capacitor.
e Alcpp is the inductor peak to peak ripple current, equal to kinp * lour.
e fswis the converter switching frequency.

The allowed maximum ESR of the output capacitor is calculated by the equation (7).
- A @

The output capacitor affects the crossover frequency fc. Considering the loop stability and effect of the internal loop
compensation parameters, choose the crossover frequency less than 55 kHz without considering the feed-forward
capacitor. A simple estimation for the crossover frequency without feed forward capacitor is shown in equation (8),
assuming Cout has small ESR.

72 x x x 0.8
T x x ®)

Where
e Guwis the transfer conductance of the error amplifier, which is 120uS.
e Guwp is the gain from internal COMP to inductor current, which is 6.7A/V.
- fcis the cross over frequency.

Additional capacitance de-rating for aging, temperature and DC bias should be factored in which increases this
minimum value. Capacitors generally have limits to the amount of ripple current they can handle without failing or
producing excess heat. An output capacitor that can support the inductor ripple current must be specified. The
capacitor data sheets specify the RMS (Root Mean Square) value of the maximum ripple current. Equation (9) can
be used to calculate the RMS ripple current the output capacitor needs to support.

ZVE..( - ) ©)
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Output Feed-Forward Capacitor Selection

The SCT9331C has the internal integrated loop compensation as shown in the function block diagram. The
compensation network includes a 72kohm resistor and a 1nF capacitor. Usually, the type Il compensation network
has a phase margin between 60 and 90 degree. However, if the output capacitor has ultra-low ESR, the converter
results in low phase margin. To increase the converter phase margin, a feed-forward cap Cs is used to boost the
phase margin at the converter cross-over frequency fe. Equation (10) is used to calculate the feed-forward capacitor.

=5 x . (10)

Diode Selection

The SCT9331C requires an external catch diode between the SW pin and GND. The selected diode must have a
reverse 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
30V reverse voltage is preferred to allow input voltage transients up to the rated voltage of the SCT9331C.

For the example design, the PDS540-13 Schottky diode is selected for its lower forward voltage and good thermal
characteristics compared to smaller devices. The typical forward voltage of the PDS540-13 is 0.43 volts at 3A.

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 considered. The ac losses of the diode are due to the charging and discharging
of the junction capacitance and reverse recovery charge. Equation 11 is used to calculate the total power dissipation,
including conduction losses and ac losses of the diode.

The PDS540-13 diode has a junction capacitance of 120pF. Using Equation (11), the total loss in the diode at the
maximum input voltage is 1.17W.

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( + )2 (11)
2

Output Feedback Resistor Divider Selection

The SCT9331C features external programmable output voltage by using a resistor divider network R1 and R2 as
shown in the typical application circuit Figurel5. Use Equation (12) to calculate the resistor divider values.

D L (12

Set the resistor R2 value to be approximately 30k. Slightly increasing or decreasing R1 can result in closer output
voltage matching when using standard value resistors.
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Table 1. Recommended External Components

Vout L1 CouT R1 R2
3.3V 6.5uH 3*22uF 93.5k 30k
5V 10uH 3*22uF 158k 30k
12v 22uH 3*22uF 422k 30k
For more information www.silicontent.com © 2025 Silicon Content Technology Co., Ltd. All Rights Reserved 15
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Application Waveforms (VIN=24V, VOUT=5V)

Figure 12. Power Up, IOUT=3A Figure 13. Power Down, IOUT=3A
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Application Waveforms (Continued)

Tek ZIE = I TekZlE : I I

S0.0MPC/EE @ J{ 217F[2021} 00V & @ 500V & }E
10M 5

250 ¥ 17:27:05 €© 2004 By
Figure 18. Over Current Protection(0OA to hard short) Figure 19. Over Current Release (hard short to OA)
Tek Wik [ T ) ‘ \ TekiEl [ I \
NNANRRRARARIRAD
Bisw
L Sy T SrENS P Aot )

3‘|i|T\m:f—"s"“4:£---um =TT (Trl |‘.f‘3A’-AA".‘,—‘--’-H|\ |
diicos0c [ i =T I 11 e —

h e © Lok &

Figure 20. Output Ripple (lload=10mA) Figure 21. Output Ripple (lload=1A)
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Figure 22. Output Ripple (lload=3A)

Figure 23. Thermal, 12VIN, 5Vout, 3A
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Layout Guideline

Proper PCB layout is a critical for SCT9331C'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 a low 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. It is recommended
8mil 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.

18 For more information www.silicontent.com © 2025 Silicon Content Technology Co., Ltd. All Rights Reserved s

Product Folder Links: SCT9331C .. C-I



http://www.silicontent.com/

SCT9331C

For more information www.silicontent.com © 2025 Silicon Content Technology Co., Ltd. All Rights Reserved


http://www.silicontent.com/

SCT9331C

TAPE AND REEL INFORMATION
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NOTICE: The information in this document is subject to change without notice. Users should warrant and guarantee the third
party Intellectual Property rights are not infringed upon when integrating Silicon Content Technology (SCT) products into any

application. SCT will not assume any legal responsibility for any said applications.
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