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18V Vin, 5A, High Efficiency Synchronous Step-down DCDC Converter

FEATURES

Wide 4.5V -18V Input Voltage Range

0.6V-7V Output Voltage Range

5A Continuous Output Current

Integrated 42mQ/17mQ HS/LS Power MOSFETs
Fixed 1ms Soft-start Time

Selectable 400KHz, 800KHz and 1.2MHz
Switching Frequencies

Selectable PFM and USM Operation Modes
Cycle-by-Cycle Current Limiting

Output Over-Voltage Protection
Over-Temperature Protection

12-pin 2mmx3mm QFN Package

APPLICATIONS

sc1

High End DTV

Set-top Box, XDSL Modem, Personal Video
Recorders

Server, Cloud-Computing, Storage

Telecom & Networking, Small-cell Base Stations,
Point-of-Load (POL)

IPCs, Factory Automation

DESCRIPTION

The SCT2250 is a high efficiency synchronous step-
down DC-DC converter with 4.5V-18V input voltage
range and adjustable output voltage down to 0.6V. It
offers a small space-saving 2mmx3mm QFN package
that supplies continuous 5A output current. The device
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REVISION HISTORY

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

Revision 1.0: Production
Revision 1.2: Update char and typical application waveforms

Revision 1.3: Update AGND connection of application in pagel and page 12
Revision 1.4: Update DEVICE ORDER INFORMATION

DEVICE ORDER INFORMATION

257 (63%/( 3P&_-$*,1* 6731"$5" 3B&-$*( 316 3$&-$*(
" (9,&(C 7<3( 3$&. 47< 0$5.,1* ' " (6&5,37,21
SCT2250FPAR Tape & Reel 5000 2250 12 QFN-12L
ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
Over operating free-air temperature unless otherwise noted® 7RS 9lHZ
" (6&5,37,21 0,1 0s$; 81,7
VIN, EN -0.3 19 \%
BST SW-0.3 SW+6 Vv
SW -1 VIN+0.3 \%
MODE -0.3 6 \%
FB -0.3 6 \%
FSEL -0.3 6 \%
VOUT -0.3 6 \%
PG -0.3 6 \%
JLIXUH -/HDG 3(DVILF 4)1
(2mmx3mm)
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VOUT is used to sense the output voltage of the buck regulator. Connect VOUT to
VOUT 5 the output capacitor of the regulator directly. Keep the VOUT sensing trace far away

from the SW node. VIAs should also be avoided on the VOUT sensing trace. A trace
larger than 25mil is required.

PFM, USM or FCCM mode selection. Connect the pin
MODE 6
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ELECTRICAL CHARACTERISTICS
Vin=12V, Ty=-40°C~125°C, typical value is tested under 25°C.

6<0%2/ | 3$530(7(5 7(67 &21",7,21 0,1 7<3 0%; | 817
3RZHU 6XSS0\ DQG 2XISXHl
Vin Operating input voltage 4.5 18 \%
VinuvLo Vin UVLO rising threshold 4 4.25 4.45 |V
VinuvioHys | VIN UVLO Hysteresis 270 mv
Isp Shutdown current EN=0, Measured on VIN pin 1 3 uA
lo Quiescent current from VIN Ev’\\/lit:czh\i/ﬁg\zj/.ol\ljlte:ass\ﬁr’(\elg (I)(?]a{j/,”{l\l gin. 140 UA
Vce Vcc internal LDO regulator voltage Ilvec=0mA 4.75 5 525 |V
Vce 1r Vcc internal LDO load regulation Ilvec=5mA 0.5 %
Ivee_um Vcc internal LDO current limit VCC short to ground 27 mA
5HIHUHQFH DQG &RQIURI /RRS
VREF Reference voltage of FB 4.5V<Vin<18V at Temp=25°C 0.594 0.6 0.606 | V
Ire FB pin leakage current Ves=1.2V 100 nA
3RZHU 026) (?WV
Rbson_H High side FET on-resistance Vee=5V 42 mQ
Rbson_L Low side FET on-resistance Vee=5V 17 mQ
(QDE(H DQG 6RIN-VIDU
VEN_H Enable high threshold 1.18 125 |V
VEN_L Enable low threshold 1.03 11 \Y
len Enable pin input current EN=1V 1 15 2 uA
lEN_HYS Enable pin hysteresis current 4 UA
Tss Soft-start time VOUT 10% to 90% 1 ms
2SHUDILRQ ORGH
Vmp_pwM PWM mode with logic high threshold VCC=5V 4.15 \%
VMD_usm PFM mode with USM logic threshold 15 35 \Y
VMD_PFM PFM mode input logic low threshold 0.9 \%
6ZUIFKLQJ )UHTXHQF\

FSEL=0V 400 kHz
Fsw Switching frequency FSEL=open 800 kHz

FSEL=5V 1200 kHz
Ton_TiME Minimum On-time Guaranteed by design 70 ns
Torr_TIVE Minimum Off-time 250 ns
3RZHU *RRG
P Grising(in) Ves rising, percentage of Vrer (Good) 95 %
PGraiinginy | Vrs falling, percentage of Vrer 85 %
PGrisingouty | Vrs rising, percentage of Vrer 115 %
PGraingouty | Vre falling, percentage of Vrer (Good) 105 %
PGt PG low to high delay 0.5 ms
Vec Power Good PG pull-down strength Ipc =4mA 0.6 \%
Ipc_LEAK Power Good PG leakage current VPG=5V 5 UuA
3URIHFILRQ
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6<0%2/ | 3$530(7(5 7(67 &21*°,7,21 0,1 7<3 0%$; | 81,7
Ium_p LS MOSFET positive current limit From source to drain 5.5 6.7 8 A
. - From drain to source, MODE
lLm_N LS MOSFET negative current limit connects to VCC 2 A
Triccup Hiccup waiting time 7 ms
Vovp_Rr Ves OVP threshold % of Vrer VEs rising 122 %
Vovp_F Ves OVP threshold % of Vrer Ves falling 117 %
Vuve_F Ves UVP threshold % of Vrer Ves falling 75 %
- Thermal shutdown threshold T, rising 150 °C
SD
Hysteresis 20 °C
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FUNCTIONAL BLOCK DIAGRAM
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Figure 8. Functional Block Diagram
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OPERATION

2YHUYIHZ

The SCT2250 is a 4.5V-18V input, 5A continuous output synchronous buck converter with built-in 42mQ Rdson
high-side and 17mQ Rdson low-side power MOSFETSs. It implements the Constant on-time (COT) mode control to
regulate output voltage, providing excellent line and load transient response and simplifying the external
frequency compensation design.

The switching frequency is selectable, 400kHz, 800kHz and 1.2MHz, by setting different FSEL status, to optimizes
either the power efficiency or the external components’ sizes. The SCT2250 features an internal 1ms soft-start
time to avoid large inrush current and output voltage overshoot during startup. The device features three different
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zero, the low-side MOSFET current crosses zero and sinks current from output to maintain the constant output.
Hence power efficiency in light load is much lower than heavy load.

(QDE(H DQG 8QGHU 9RMIDJIH /RFNRXII 7KUHVKRIG

The SCT2250 is enabled when the VIN pin voltage rises above 4.5V and the EN pin voltage exceeds the enable
threshold of 1.18V. The device is disabled when the VIN pin voltage falls below 4V or when the EN pin voltage is
below 1.1V. An internal 1.5uA pull up current source to EN pin allows the device enable when EN pin floats.

EN pin is a high voltage pin that can be connected to VIN directly to start up the device.

For a higher system UVLO threshold, connect an external resistor divider (R1 and R2) shown in Figure 9 from VIN
to EN. The UVLO rising and falling threshold can be calculated by Equation 1 and Equation 2 respectively.

VIN
— @
R1
— ) Ro
where
. Viise is rising threshold of Vin UVLO
e Vi is falling threshold of Vin UVLO Figure 9. System UVLO by enable divide
2 XWISXI ORMDJIH

The SCT2250 regulates the internal reference voltage at 0.6V with 1% tolerance over the operating temperature
and voltage range. The output voltage is set by a resistor divider from the output node to the FB pin. It is
recommended to use 1% tolerance or better resistors. Use Equation 3 to calculate resistance of resistor dividers.
To improve efficiency at light loads, larger value resistors are recommended. However, if the values are too high,
the regulator will be more susceptible to noise affecting output voltage accuracy.

— ®)

where
. Rre _Top is the resistor connecting the output to the FB pin.

. Rre_sort is the resistor connecting the FB pin to the ground.

,QUHUQDO 6RIV-GNDUN

The SCT2250 integrates an internal soft-start circuit that ramps the reference voltage from zero volts to 0.6V
reference voltage in 1ms. If the EN pin is pulled below 1.19V, switching stops and the internal soft-start resets.
The soft-start also resets during shutdown due to thermal overloading.

6ZLIFKLQJ YUHTXHQF\ 6HHFILRQ

The switching frequency of the SCT2250 is selectable to be one of three options: 400KHz, 800KHz and 1200KHz.
The switching frequency selection is programmed by FSEL pin. The selection information is shown in following
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7DE(H  )6(/ 3LQ BHI-XS IRU 6ZLIFKLQJ YUHTXHQF\ 6HIHFILRQ

FSEL Set-up

Connect to GND

Floating

Connectto VCC

800KHz

1200KHz

Switching Frequency 400KHz

ORGH 6HIHFILRQ

The SCT2250 features two different operation modes at light load by easily programming the MODE pin. The
programming information is listed in following table. The mode setting is latched in at each power up and is not be
able to be modified during operation. Cycling the input power or the EN pin can reselect the switching frequency.

7DE(H  O2~ (3LQ 6HI-XS IRV ORGH 6HHFILRQ

MODE Set-up Connect to VCC Floating Connect to GND

PFM with USM PFM

Switching Frequency PWM

3RZHU *RRG 3*

The Power Good (PG) pin is the output of an open drain output. When the FB pin is typically between 95% and
105% of the internal reference voltage (VREF) the PG is de-asserted and floats after a 500 ys de-glitch time. A
pull-up resistor of 10 kQ to 100 kQ is recommended to pull it up to VCC. The PGOOD pin is pulled low when the
FB pin voltage is lower than Vout UVP or greater than Vout OVP threshold; or, in an event of thermal shutdown or
during the soft-start period.

%RRIVIUDS 9RWDJIH SHIX0DIIRU

An external bootstrap capacitor between BOOT pin and SW pin powers the floating gate driver to high-side power
MOSFET. The bootstrap capacitor voltage is charged from 5V VCC power or when high-side power MOSFET is
off and low-side power MOSFET is on.

2YHU &XUUHQW ZLPLI DQG +LFFXS ORGH

The output over-current limit (OCL) is implemented in SCT2250 by using a cycle-by-cycle valley detect control
circuit. The switch current is monitored during the OFF state of the high-side FET (Q1) by measuring the low-side
FET(Q?2) drain to source voltage. This voltage is proportional to the switch current. During the on time of the high-
side FET switch, the switch current increases at a linear rate determined by input voltage, output voltage, the on-
time and the output inductor value. During the on time of the low-side FET switch, this current decrease linearly.
The average value of the switch current is the load current IOUT.

If the measured drain to source voltage of the low-side FET is above the voltage proportional to current limit, the
low side FET stays on until the current level becomes lower than the OCL level which reduces the output current
available. In this type of valley detect control the load current is higher than the OCL threshold by one half of the
peak to peak inductor ripple current. When the current is limited, the output voltage tends to drop because the
load demand is higher than what the converter can support. After soft start end with 1ms waiting time, when the
output voltage falls below 75% of the target voltage, the UVP comparator detects it and shuts down the device
immediately, the device re-starts after a hiccup time of 7ms. When the overcurrent condition is removed, the
output voltage returns to the regulated value.

The hiccup protection mode above makes the average short circuit current lower to alleviate thermal issues and
protect the regulator.

8QGHU YRWDJH 3URIHFILRQ

The SCT2250 features the Under-voltage Protection (UVP) by monitoring the output voltage to detect the under-
voltage voltage. When the feedback voltage falls below 75% of Vrer, the SCT2250 enters hiccup mode until the
under-voltage scenario released.
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7KHUPDI 6KXIGRZQ

The SCT2250 protects the device from the damage during excessive heat and power dissipation conditions. Once
the junction temperature exceeds 150C, the internal thermal sensor stops power MOSFETs switching. When the

junction temperature falls below 125C, the device restarts with internal soft start phase.
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,QSXW &DSDFLIRU 6HHFILRQ
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$SSILFDILRQ = DYHIRUPV

Unless otherwise noted, the following conditions are VIN=12V, VOUT=1V, Temperature=25C.

Tek {2 1k I i I : —7 ! Tek 11 I T Te— T
i i
D ;
= <y 2 BT e e
26
i | T |
100M /S 7 30 12 Fz020 . ][10‘0ms 012 5020| (@ ° 5 10.0ms 0 G [
10M 15, 7.30¥ 12:34:53 500V B 5004 & Jlmov20.00202ms 12:36:58 500V & 5.004 & Jlm+v20.00202ms  10M 5 9.30V
Figure 11. Power up Figure 12. Power down
Tek 1 % == — — - | Tek i 5 | — - — ]

5 100V & |(10.0ms 100My% /3D 6/ 30 12 52020 5.00=v By =|
P s004 & 10M &5 210V 12:41:06 €& 5o I |
Figure 13. EN toggle (lload=5A)
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Figure 15. Over Current Protection(1A to hard short)
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Figure 14. EN toggle (lload=10mA)
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Figure 16. Over Current Release (hard short to 1A)
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$SSILFDILRQ = DYHIRUPV &RQILQXHG
Unless otherwise noted, the following conditions are VIN=12V, VOUT=1V, Temperature=25C.

Tek % | § I _ \ Tkt | I I
2 :\IDUT .:G'I'N
2 fiour
4
B

2005 250670/ @ S 30 12 2020
2004 & 10M 5 3604 12:49:26

Figure 17. Load Transient (1.25A-3.75A, 1.6A/us)
Tek il [ _ — — 1

12020 (@B SO0V W 20.0ps 250008 @S 30
5319 ® 50V s @ Lok & 10M f 140V 12:

Figure 19. Output Ripple (lload=0A, USM)

Tek gk [ : — . —

Figure 21. Output Ripple (lload=5A) Figure 22. Thermal, 12 VIN, 1 Vout, 5A
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/D\RXI *XLGHILQH

Proper PCB layout is a critical for SCT2250'’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. Place a low ESR ceramic capacitor as close to VIN pin and the ground as possible to reduce parasitic effect.

2. 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.

3. 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.

4. Output inductor should be placed close to the SW pin. The area of the PCB conductor minimized to prevent
excessive capacitive coupling.

5. UVLO adjust and loop compensation and feedback components should connect to small signal ground which
must return to the GND pin without any interleaving with power ground.

6. Route BST resistor and capacitor with a minimized length between the BST PIN and SW PIN.

Figure 23. PCB Layout Example
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