Silicon Content Technology

SCT9433

3.8V-36V Vin, 3A Synchronous Step-down DCDC Converter with EMI Reduction

FEATURES

3.8V-36V Wide Input Voltage Range

Up to 3A Continuous Output Load Current

EMI Reduction

0 Proprietary Gate Design for Switching Node
Ringing-free

o0 Frequency Spread Spectrum (FSS)

Pulse Skipping Mode (PSM) with 22uA Quiescent
Current in Light Load Condition

0 Upto 81% Efficiency at 1mA Light Load
0 Upto 87% Efficiency at 10mA Light Load
0.8V 1% Feedback Reference Voltage

Fully Integrated 74mQ Rdson High Side MOSFET
and 40mQ Rudson Low Side MOSFET

1uA Shut-down Current
800kHz Switching Frequency

Precision Enable Threshold for Programmable
UVLO Threshold and Hysteresis

Output Over Voltage Protection
Thermal Shutdown Protection at 170°C

APPLICATIONS

Automotive System
Industrial Control System
General Consumer

DESCRIPTION

The SCT9433 are 3A synchronous buck converters
with up to 36V wide input voltage range, which fully
integrates an 74mQ high-side MOSFET and a 40mQ
low-side MOSFET to provide high efficiency step-down
DCDC conversion. The SCT9433 adopts peak current
mode control with integrated compensation network.
The SCT9433 supports the Pulse Skipping Modulation
(PSM) with typical 22uA Ultra-Low Quiescent.

The SCT9433 are optimized for Electromagnetic
Interference (EMI) reduction. The converter has
proprietary designed gate driver scheme to resist
switching node ringing without sacrificing MOSFET
turn-on and turn-off time, which further erases high
frequency radiation EMI noise caused by the MOSFETs
hard switching. The converter features Frequency
Spread Spectrum (FSS) with a switching frequency
jitter of 6%, which reduces EMI by not allowing
emitted energy to stay in any one frequency for a
significant period of time.

The SCT9433 offer output over-voltage protection,
cycle-by-cycle peak current limit, and thermal
shutdown protection. The device is available in a low-
profile QFN-9L 3mm X 2mm package.
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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.

Revision 1.4: Add MSL and description of LDO functionality.

DEVICE ORDER INFORMATION

ORDERABLE PACKAGING STANDARD PACKAGE PINS PACKAGE MSL
DEVICE TYPE PACK QTY MARKING DESCRIPTION
SCT9433FSAR Tape & Reel 5000 9433 9 FCQFN2x3-9 1
ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
Over operating free-air temperature unless otherwise noted®
SW
DESCRIPTION MIN MAX UNIT —
'.""_ 1 ' I
BST 03 48 v o b ]
VIN[ 1 11901 8 |GND
VIN, SW, EN -0.3 40 \Y, M | i P o
FB, COMP 0.3 6 v N
BST-SW -0.3 6 Vv EN|[ 2] P 7_|NC
Operating junction -40 125 oC FB |37 776 1BsT
temperature® [T T
COMP [ 4 i 1 5 | PG
Junction temperature -40 150 °C
Top View: FCQFN2X3-9L
Storage temperature Tste -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 1KQ resistor for internal
COMP 4 compensation. Add an RC network to adjust the loop response externally. See Loop
Response Design for more details.
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PG 5 Open drain power-good output that is pulled to GND when the output voltage is out of
its regulation limits or during soft-start. There is an internal 5SMQ pull-up resistor.
Power supply for the high-side power MOSFET gate driver. Must connect a 0.1uF or
BST 6 . ; .
greater ceramic capacitor between BST pin and SW node.
NC 7 NC
GND 8 Power ground. Must be soldered directly to ground plane.
SW 9 Switching node of the buck converter.

RECOMMENDED OPERATING CONDITIONS

Over operating free-air temperature range unless otherwise noted

PARAMETER DEFINITION MIN MAX UNIT
ViN Input voltage range 3.8 36 V
Ta Operating Ambient Temperature Range -40 125 °C
T, Operating junction temperature -40 150 °C
ESD RATINGS
PARAMETER DEFINITION MIN MAX UNIT
Human Body Model(HBM), per ANSI-JEDEC-JS-001-
AR . -2 +2 kv
Vv 2014 specification, all pins®
Esb Charged Device Model(CDM), per ANSI-JEDEC-JS-002-
P ) -1 +1 kv
2014specification, all pins®
THERMAL INFORMATION
PARAMETER THERMAL METRIC QFN-9L UNIT
Reia Junction to ambient thermal resistance® 61.33
Wor Junction-to-top characterization parameter 3.24
Wis Junction-to-board characterization parameter® 5.43 °C/W
Reactop Junction to case(top) thermal resistance® 62.99
Ress Junction-to-board thermal resistance® 5.6

(1) SCT provides Rgiaand Rgzc numbers only as reference to estimate junction temperatures of the devices. Rgia and Rgc 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 SCT9433 is mounted. The PCB board is a heat sink that is soldered to the leads and thermal pad of the SCT9433.
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~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 Ev’;lut:g:ﬁﬁgng/l NNgllg{a/.dEE%SW:sv 22 40 JuA

Enable, Soft Start and Working Modes

VEN_H Enable high threshold 1.08 1.18 128 |V

VEN_L Enable low threshold 0.98 1.1 118 |V

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

len_H Enable pin hysteresis current EN=1.5V 55 uA

Power MOSFETs

Rbson_H High side FET on-resistance 74 130 | mQ

Rpson_L Low side FET on-resistance 40 70 mQ

Feedback and Error Amplifier

Vs Feedback Voltage D=2 0792 08 0808 |V

T;=-40 -150 0.788 0.8 0.812
Current Limit
ILiM_HSD HSD peak current limit D =25 4.0 45 20 | A
T,=-40 -150 3.7 4.5 5.3

ILm_Lsp LSD valley current limit 4 A

Switching Frequency

Fsw Switching frequency ViN=12V, Vour=5V 680 800 920 kHz

ton_MIN Minimum on-time
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TYPICAL CHARACTERISTICS
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] o Figure 2. Efficiency vs Load Current
Figure 1. Efficiency vs Load Current

Figure 3. Shut-down Current vs Temperature Figure 4. VIN UVLO vs Temperature
Figure 5. Reference Voltage vs Temperature Figure 6. lo vs. Temperature, IOUT = OA
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FUNCTIONAL BLOCK DIAGRAM
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Figure 7. Functional Block Diagram
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OPERATION

Overview

The SCT9433 device is 3.8V-36V input, 3A output, EMI friendly, fully integrated synchronous buck converters. The
device employs fixed frequency peak current mode control. An internal clock with 800kHz frequency initiates turning
on the integrated high-side power MOSFET QL1 in each cycle, then inductor current rises linearly and the converter
charges output cap. When sensed voltage on high-
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Enable and Start up

When applying a voltage higher than the EN high threshold (typical 1.18V/rise), the SCT9433 enables all functions
and the device starts soft-start phase. The SCT9433 has the built in 4ms soft-start time to prevent the output
overshoot and inrush current. When EN pin is pulled low, the internal SS net will be discharged to ground. Buck
operation is disabled when EN voltage falls below its lower threshold (typically 1.1V/fall).

An internal 1.5uA 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 4uA 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
—)-
1A——)+ 1)
X
4= > @)

Where:
Vstart: Vin rise threshold to enable the device
Vstop: Vin fall threshold to disable the device
11=1.5uA
1>=4uA
Venr=1.18V
Vemr=1.1V

Power-GOOD (PG) Indicator

The SCT9433 has an open-drain output that is actively held low during soft start period until the output voltage
reaches 90% of the target output. When the output voltage is outside of its regulation by -10%, the PG will pull low
until the output returns to set value. The PG low to high transition is delayed by 2.5ms while the falling edge PG is
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delayed by 220ps to prevent false triggering.

Peak Current Limit and Hiccup Mode

The SCT9433 have 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. A
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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).
Thermal Shutdown

Once the junction temperature in the SCT9433 exceeds 170°C, the thermal sensing circuit stops converter
switching and restarts with the junction temperature falling below 145°C. Thermal shutdown prevents the damage
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APPLICATION INFORMATION

Typical Application

VIN
3.8-36V 6
o ° 1 VIN BST
C3 | L
100nF
2 9 4.74H vouT
"N scroass SV o8
C4 L R1 <
3 33pF | 158kQ $
cit 1 c2 | FB M\ T, g’g
2x10pF To.1uF T 5 Rt X22UF
<= PG comp (2 20 v b
R3 0kQ $
GND 1KQ
" 1
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 800kHz
- For more information www.silicontent.com © 2022 Silicon Content Technology Co., Ltd. All Rights Reserved 11

Product Folder Links: SCT9433


http://www.silicontent.com/

SCT9433

Input Capacitor Selection

For good input voltage filtering, choose low-ESR ceramic capacitors. A ceramic capacitor 10uF is recommended for
the decoupling capacitor and a 0.1uF ceramic bypass capacitor is recommended to be placed as close as possible
to the VIN pin of the SCT9433.

Use Equation (3) to calculate the input voltage ripple:

3)
_ Vour (
A= x 8 Vin (=)

Where:
e  Cinis the input capacitor value
o fswis the converter switching frequency
e  lour is the maximum load current

Due to the inductor current ripple, the input voltage changes if there is parasitic inductance and resistance between
the power supply and the VIN pin. It is recommended to have enough input capacitance to make sure the input
voltage ripple less than 100mV. Generally, a 35V/10uF input ceramic capacitor is recommended for most of
applications. Choose the right capacitor value carefully with considering high-capacitance ceramic capacitors DC
bias effect, which has a strong influence on the final effective capacitance.

Inductor Selection

The performance of inductor affects the power supply’s steady state operation, transient behavior, loop stability, and
buck converter efficiency. The inductor value, DC resistance (DCR), and saturation current influences both efficiency
and the magnitude of the output voltage ripple. Larger inductance value reduces inductor current ripple and
therefore leads to lower output voltage ripple. For a fixed DCR
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Output Feed-Forward Capacitor Selection

The SCT9433 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.

=5 x . (10)

Output Feedback Resistor Divider Selection

The SCT9433 features external programmable output voltage by using a resistor divider network R1 and R2 as
shown in the typical application circuit Figure 9. Use equation (11) to calculate the resistor divider values.

S D L (11)

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.
Table 1 is the recommend external components for the application with integrated loop compensation for SCT9433.

Table 1. Recommended External Components with Internal Compensation

Vout L1 CouT R1 R2 Rt R3 C4
3.3V 3.3uH 3*22uF 95k 30k 2k 1k 47pF
5V 4.7uH 3*22uF 158k 30k 2k 1k 33pF
12v 10uH 4*22uF 422k 30k 2k 1k /
14  For more information www.silicontent.com © 2022 Silicon Content Technology Co., Ltd. All Rights Reserved s
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Figure 10. 12V Input, 5V/3A Output with External Compensation

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
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Where:
e Ty(S) is the voltage loop
Ti(S) is the current loop
K(S) is the voltage sense gain
-Av(S) is the feedback compensation gain
He(S) is the current sampling function
Fm is the PWM comparator gain
Vin is the DC input voltage
D is the duty cycle
Rc is the ESR of the output capacitor, COUT
Ro is the output load resistanceVin is the AC small-signal input voltage
iin is the AC small-signal input current
d is the modulation of the duty cycle
i
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The goal of loop compensation design is to achieve:
e High DC Gain
e Gain Margin less than -10dB
e Phase Margin greater than 45°
e Loop Bandwidth Crossover Frequency (fc) less than 80kHz (10% of fsw)

The loop gain at crossover frequency of fc has a unity gain. Therefore, the compensator resistance R3 is
determined by equation below. Arecommended rule of thumb is to set the crossover frequency to be approximately
1/5 to 1/10 of switching frequency.

3= 2 - - o (13)
Where
e gm=0.3mS,
e Rt=0.2V/A
e VFB=0.8V,
o fcis the desired crossover frequency
e Vout is the output voltage

e Coiis the effective output capacitance.
Be cautioned that most ceramic will degrade with voltage stress or temperature extremes.
The compensator capacitor C6 and C7 are then equal to:

6=—% = I

1 (14)
3 . 3

Where :
e lois the output load current
e Rcisthe ESR equivalent of the Co
e Fsis the switching frequency. In most cases, C7 can omit.

An optional zero, ®z2, can boost the phase margin but it can also increase the gain crossover. Place this zero at
2 to 5 times the fc. Then C4 is equal to:
4= 1t ! (15)
0 - -1 4. .1

Table 2. Recommended External Components with External Compensation
Vout
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Application Waveforms

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

Figure 13. Power up(lload=3A) Figure 14. Power down(lload=3A)
Figure 15.Enable (lload=3A) Figure 16. Enable (lload=10mA)
Figurel7. Normal to Hard Short Figure 18. Hard Short Recovery
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Application Waveforms(continued)

Vin=12V, Vout=5V, unless otherwise noted
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Figure 19. Load Transient (0.75A-2.25A, 1.6A/us) Figure 20. Load Transient (0.3A-2.7A, 1.6A/us)
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Figure 21. Output Ripple (lload=10mA) Figure 22. Output Ripple (lload=0.1A)
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Figure 23. Output Ripple (lload=3A) Figure 24. Thermal, 12VIN, 5Vout, 3A
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Layout Guideline

Figure 25 and Figure 26 are the recommended PCB layout of SCT9433 with or without external compensation
network.
1. The SCT9433 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.

2. Place the input capacitors as closely across VIN and GND as possible.
3. Place the inductor as close to SW as possible.
4. Place the output capacitors as close to GND as possible.
5. Place the feedback components as close to FB as possible.
6. If using four or more layers, use at least the 2" and 3" layers as GND to maximize thermal performance.
7. Add as many vias under both the thermally exposed GND pad and GND plane for heat dissipation to all the
GND layers.
8. Add as many vias under both the thermally exposed VIN pad and VIN plane for heat dissipation to all the
VIN layers.
i
| 1 GND}
18
. i
\ [} 14
i —
NCT 7 | o
----- i
P ——
BSTi 6|
PG{ 5]
Figure 25. PCB Layout Example for application with internal compensation
SW
Mt
| VIN] | | !GND|
1 1190 8
K b '
L1 I : 1 1|
______,: L_/_:—:_O_ _____ #
"2 0ENL ] Ner 7 | e
e S— —
_____ ====- ——
| 3 | FB BSTi 6
fEﬁGCOMP PG{ 5]
T J
Figure 26. PCB Layout Example for application with external compensation
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PACKAGE INFORMATION

FCQFN-9L (2*3) Package Outline Dimensions

Symbol ' Dimensions in Millimeters
Min. Nom. Max.
A 0.70 0.75 0.80
Al 0 0.02 0.05
A2 0.55
A3 0.203 REF
b 0.15 0.2 0.25
bl 0.2 0.25 0.3
b2 0.25 0.3 0.35
D 2 BSC
E 3 BSC
e 0.45 BSC
el 0.475 BSC
e2 0.575 BSC
e3 0.1 BSC
L 0.35 0.40 0.45
L1 0.55 0.6 0.65
L2 1.475 1.525 1.575
L3 0.15 REF
aaa 0.1
ccc 0.1
eee 0.05
bbb 0
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TAPE AND REEL INFORMATION

MILLIMETER
SYMBOL MIN NOM MAX
A 328 329 330
B 11.80 12.80 13.80
C 99 100 101
D 13.00 13.30 13.60
t 1.70 2.00 2.30

aD1

2D

PO

D

D D DD D D D\

MILLIMETER
SYMBOL MIN NOM MAX
E 1.65 1.75 1.85
F 5.45 5.50 5.55
P2 1.95 2.00 2.05
D 1.50 1.60
D1 1.50 1.75
PO 3.90 4.00 4.10
W 11.90 12.00 12.30
P 7.90 8.00 8.10
A0 2.10 2.20 2.30
BO 3.20 3.30 3.40
KO 1.04 1.14 1.24
t 0.23 0.25 0.27
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