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REVISION HISTORY

Revision 1.0: Production.

Revision 1.1: Update EC table.
Revision 1.2: Update Shutdown current in EC table.
Revision 1.3: Update DEVICE ORDER INFORMATION.

DEVICE ORDER INFORMATION

ORDERABLE PACKAGING STANDARD PACKAGE PINS PACKAGE
DEVICE TYPE PACK QTY MARKING DESCRIPTION
SCT9431FSAR Tape & Reel 5000 9431 9 FCQFN2x3-9
ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
Over operating free-air temperature unless otherwise noted®
SW
DESCRIPTION MIN MAX UNIT —
_____ AL g
BST 03 48 v Pobon
VIN, SW, EN 03 42 Y R
FB, COMP 0.3 6 v e
BST-SW -0.3 6 \Y, [ [
Operating junction ) ° [ [
temperature(® 40 125 c [~ T
Junction temperature -40 150 o T E—
Top View: FCQFN2X3-9L
Storage temperature Tstc -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating may cause device permanent damage. The device is not guaranteed to
function outside of its Recommended Operation Conditions.

(2) The IC includes over temperature protection to protect the device during overload conditions. Junction temperature will exceed 170°C
when over temperature protection is active. Continuous operation above the specified maximum operating junction temperature will

reduce lifetime.

PIN FUNCTIONS

NAME NO. PIN FUNCTION
VIN 1 Power supply input. Must be locally bypassed.
Enable logic input. Floating the pin enables the device. This pin supports high voltage
EN 5 input up to VIN supply to be connected VIN directly to enable the device automatically.
The device has precision enable thresholds 1.18V rising / 1.1V falling for programmable
UVLO threshold and hysteresis.
Buck converter output feedback sensing voltage. Connect a resistor divider from VOUT
FB 3 to FB to set up output voltage. The device regulates FB to the internal reference of 0.8V
typical.
Compensation pin. Connect this pin to GND with a 1K resistor for internal
COMP 4 compensation. Add an RC network to adjust the loop response externally. See Loop
Response Design for more details.
Open drain power-good output that is pulled to GND when the output voltage is out of
PG 5 ) R : : . :
its regulation limits or during soft-start. There is an internal 5SM  pull-up resistor.
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ELECTRICAL CHARACTERISTICS

Vin=12V, Ty=-40°C~150°C, typical value is tested under 25°C.

SYMBOL | PARAMETER TEST CONDITION MIN  TYP MAX | UNIT

Power Supply and Output

Vin Operating input voltage 3.8 36 \%

Vin w0 Input UV!_O VN rising 3.3 3.5 3.7 \%
Hysteresis 420 mV

Isp Shutdown current EN=0, No load, VIN=12V 0.6 5 uA

lo Quiescent current \IE/:\’I\I:;‘Il()Za\t/i.nS,S#_()SI\(l)Va:dé\L\I 0 switching. 22 40 uA

Enable, Soft Start and Working Modes

VEN_H Enable high threshold 3.08 1.18 128 |V

VEN_L Enable low threshold 0.98 1.1 1.18 |V

len_L Enable pin input current EN=1V 1 15 2

len_H Enable pin input current EN=1.5V 5.5

Power MOSFETs

Rbson_H High side FET on-resistance 74 130

Rpson_L Low side FET on-resistance 40 70

Feedback and Error Amplifier
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FUNCTIONAL BLOCK DIAGRAM
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Figure 7. Functional Block Diagram
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APPLICATION INFORMATION

Typical Application
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Figure 9. 12V Input, 5V/3A Output with Internal Compensation

Design Parameters

Design Parameters

Example Value

Input Voltage 12V

Output Voltage 5V

Output Current 3A
Output voltage ripple (peak to peak) +0.03V
Switching Frequency 400kHz
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Input Capacitor Selection
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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 2x 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 40 kHz (% x fs) 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.

18 x x x 0.8
ST x x (8)

Where
e Gwuis the transfer conductance of the error amplifier (300uS).
e Guwp is the gain from internal COMP to inductor current, which is 5A/V.
e 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 SCT9431 has the internal integrated loop compensation as shown in the function block diagram. The
compensation network includes a 18k resistor and a 7.6nF 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 f.. Equation (10) is used to calculate the feed-forward capacitor.
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Figure 10. 12V Input, 5V/3A Output with External Compensation

Loop Response Design

When the COMP pin is not connected to GND, the COMP pin is active for external loop compensation. The regulator
uses constant frequency peak current mode control architecture to achieve a fast loop response. The inductor is
not considered as a state variable since its peak current is constant. The system becomes a single order system. It
is much easier to design a type Il compensator (Figure 12) to stabilize the loop than in case of a voltage mode
control. Peak current mode control has an inherent input voltage feed-forward function to achieve good line
regulation. Figure 11 shows the small signal model of the synchronous buck regulator.

A 4

MV

Il

Figure 11. Small Signal Model of Buck Regulator
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e Tu(S) is the voltage loop

e Ti(S) is the current loop

e K(S) is the voltage sense gain

e -A«(S) is the feedback compensation gain

e He(S) is the current sampling function

e Fmis the PWM comparator gain

e Vinis the DC input voltage

e Disthe duty cycle

e Rcisthe ESR of the output capacitor, COUT

¢ Rois the output load resistancevin is the AC small-signal input voltage
« iinisthe AC small-signal input current

- dis the modulation of the duty cycle

< iLis the AC small signal of the inductor current

e Vois the AC small signal of output voltage

e Vcomp is the AC small signal voltage of the compensation network

:
L

Figure 12. Type Il Compensator

i

Transfer function of Figure 12 is expressed in the following equation,
) 3
()= =
(6+ 7)-( 1+
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Application Waveforms

Vin=12V, Vout=5V, unless otherwise noted
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Layout Guideline

Figure 25 and Figure 26 are the recommended PCB layout of SCT9431 with or without external compensation
network.

1.

Nogohkown

©

The SCT9431 works at 3A load current so heat dissipation is a major concern in the layout of the PCB. 20z
copper for both the top and bottom layers is recommended.

Place the input capacitors as closely across VIN and GND as possible.

Place the inductor as close to SW as possible.

Place the output capacitors as close to GND as possible.

Place the feedback components as close to FB as possible.

If using four or more layers, use at least the 2" and 3™ layers as GND to maximize thermal performance.
Add as many vias under both the thermally exposed GND pad and GND plane for heat dissipation to all the
GND layers.

Add as many vias under both the thermally exposed VIN pad and VIN plane for heat dissipation to all the
VIN layers.

L
i

Figure 25. PCB Layout Example for application with internal compensation
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Figure 26. PCB Layout Example for application with external compensation
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