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芯 洲 科 技  
Silicon Content Technology 

5.5V-100V Wide Input Voltage Range Synchronous Buck Controller 

FEATURES 
• Synchronous DCDC Buck Controller  

▪ 5.5V-100V Wide Input Range 
▪ 0.8V-60V Adjustable Output Voltage 
▪ 0.8VÑ1% Reference Voltage 
▪ 40ns Minimum tON for low duty ratio  
▪ 150ns Minimum tOFF for high duty ratio 

• 100 KHz to 1.2 MHz Switching Frequency 
▪ Clock Synchronization In/Out capability 
▪ Selectable Diode Emulation or FPWM 
▪ Frequency Spread Spectrum Modulation 

• 7.5-V Gate Drivers  
▪ 2.3-A Source and 3.5-A Sink Current 
▪ Low-side Soft Start for prebiased Start-up 

• Fast Line and Load Transient Response 
▪ Voltage-mode control with line feedforward 
▪ High Gain Bandwidth Error Amplifier 

• Protection Features for Robustness 
▪ Adjustable Soft Start time 
▪ Cycle-by-cycle Current Limit 
▪ Input UVLO with hysteresis 
▪ VCC and Gate-drive UVLO Protection 
▪ Precision Enable Input Threshold 
▪ Open-drain Power Good Indicator 
▪ Over Temperature Shutdown Protection  
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LGD 13 P 
Low-side MOSFET gate drive output. Connect to the gate of the low-side 
synchronous rectifier FET through a short, low inductance path. 

VCC 14 O 

Output of the 7.5V bias regulator. Locally decouple to PGND using a low ESR/ESL 
capacitor located as close as possible to the controller. Controller bias can be 
supplied from an external supply that is greater than the internal VCC regulation 
voltage. Use caution when applying external bias to ensure that the applied 
voltage is not greater than the minimum VIN voltage and does not exceed the 
VCC pin maximum operating rating, see Recommended Operating Condition. 

EP 15 - Pin internally connected to exposed pad of the package. Electrically isolated. 

NC 16 - No electrical connection. 

BST 17 O 

Bootstrap supply for the high-side gate driver. Connect to the bootstrap (boot) 
capacitor. The bootstrap capacitor supplies current to the high-side FET gate and 
must be placed as close as possible to controller. If an external bootstrap diode is 
used to reduce the time required to charge the bootstrap capacitor, connect the 
cathode of the diode to the BST pin and anode to VCC. 

HGD 18 P 
High-side MOSFET gate drive output. Connect to the gate of the high-side 
MOSFET through a short, low inductance path. 

SW 19 P 
Switching node of the buck controller. Connect to the bootstrap capacitor, the 
source terminal of the high side MOSFET and the drain terminal of the low-side 
MOSFET using short, low inductance paths. 

VIN 20 P Supply voltage input for the VCC LDO regulator. 

EP - - 
Exposed pad of the package. Electrically isolated. Solder to the system ground 
plane to reduce thermal resistance. 

(1) P=Power, G=Ground, I=Input, O=Output 

RECOMMENDED OPERATING CONDITIONS 
Over operating free-air temperature range unless otherwise noted 

PARAMETER DEFINITION MIN MAX UNIT 

VIN Input voltage range 5.5 100 V 

VCC External VCC bias rail 8 13 V 

EXTVCC External EXTVCC bias rail 4.7 13 V 

TJ Operating junction temperature -40 125 ÁC 
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THERMAL INFORMATION 

PARAMETER THERMAL METRIC DFN3.5X4.5-20L UNIT 

RɗJA Junction to ambient thermal resistance(1) 37 

ÁC/W 

RɗJC (top) Junction to case (top) thermal resistance(1) 28 

RɗJC (bot) Junction to case (bottom) thermal resistance(1) 2.1 

RɗJB Junction to board thermal resistance(1) 12 

RɣJT Junction-to-top characterization parameter 
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SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

IEN_HYS Standby to operating hysteresis VEN=1.5V 9 10 11 ɛA 

Soft-start and Voltage Tracking 

ISS SS/TRK capacitor charging current VSS/TRK=0V 8.5 10 12 uA 

RSS SS/TRK discharging FET resistance VEN=1V, VSS/TRK=0.1V  12  ɋ 

VSS-FB SS/TRK to FB offset   62  mV 

VCC_CLAMP SS/TRK clamp voltage VSS/TRK ï VFB, VFB=0.8V  120  mV 

Power Good Indicator 

PGUTH 
PGOOD high to low - FB upper 
threshold 

% of VREF, VFB rising 106 109 110 % 

PGU_HYS PGOOD upper threshold hysteresis % of VREF  
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SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

VBST-FWD Diode forward voltage 
VCC to BST, BST sourcing 
20mA 

 0.8  V 

IQ-BST 
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TYPICAL CHARACTERISTICS 
 

 
Figure 1. Efficiency vs Load Current, Vout=12V, DCM 

 

 

Figure 2. Efficiency vs Load Current, Vout=12V, FCCM 

 
Figure 3. Efficiency vs Load Current, Vout=5V, DCM 

 

 
Figure 4. Efficiency vs Load Current, Vout=5V, FCCM 

 
Figure 5. Efficiency vs Load Current, Vout=24V, DCM Figure 6. Oscillator Frequency vs RT Resistance 
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TYPICAL CHARACTERISTICS 

 
Figure 7. ISHUTDOWN vs Input Voltage 

 

Figure 8. IQ vs Input Voltage 

Figure 9. VIN Quiescent Current with External VCC Applied 
 

Figure 10. ILIM Current Source vs TJ 

Figure 11. SS/TRK Current Source vs TJ Figure 12. Gate Driver Peak Current vs VCC
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TYPICAL CHARACTERISTICS 

Figure 13. HO Driver Resistance vs VCC Voltage Figure 14. LO Driver Resistance vs VCC Voltage 

Figure 15. tON(MIN) and tOFF(MIN)  vs TJ 
 

Figure 16. Deadtime vs TJ 

 
Figure 17. VCC Voltage vs Input Voltage 
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FUNCTIONAL BLOCK DIAGRAM 
 

SW

 
 

Figure 19. Functional Block Diagram 
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OPERATION 

Overview 

The SCT82A31 is a synchronous buck controller, adopting voltage mode with input feedforward, to implement a 
high efficiency step-down DCDC power supply for excellent line transient response over a 5.5V-100V wide VIN 
range. The output voltage range is from 0.8 V to 60 V. Voltage-mode 
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The VCC regulator output has a current limit of 40 mA (minimum). At power up, when the VCC voltage exceeds its 

rising UVLO threshold of 4.5 V，the output is enabled if EN is above 1.2V, and the soft-start sequence begins. The 

output remains active until the VCC voltage falls below its falling UVLO threshold of typical 4.3 V or if EN goes to a 
standby or shutdown state. 

There are two ways powering the VCC pin with the external source helping to increase overall efficiency and 
decrease internal self-heating through power dissipated in the LDO. Connecting the output voltage or an auxiliary 
bias supply rail (up to 13V) to VCC using a diode. Or powering the EXTVCC pin with an external power source or 
from output voltage directly which is very convenient for customer especially when output voltage is setup at 5.5V 
as shown in Figure 20. If the EXTVCC pin is tied to an external source larger than 4.7V (max 5.5V), then the internal 
VCC LDO is shut down and an internal switch shorts the EXTVCC pin to the VCC pin. This external power source 
could be the output of the buck switching converter itself if the output is programmed to higher than 4.7V (max 5.5V).  

20VIN

CVIN

14

6

VIN VCC

 
Figure 20. VCC Bias Supply Connecting EXTVCC Auxiliary Supply 

 
Enable and programmable UVLO 

The SCT82A31 can be shut down using the EN pin. Pulling this pin below 1.2V prevents the controller from switching, 
and less than 0.41V disables most of the internal bias circuitry, including the VCC regulator. The shutdown IQ is 
about 7.2ɛA typical.  

The EN input supports adjustable input under voltage lockout (UVLO) with hysteresis programmed by the resistor 
values for application specific power-up and power-down requirements. EN connects to a comparator-based input 
referenced to a 1.2V bandgap voltage. An external logic signal can be used to drive the N input to toggle the output 
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VOUT(MASTER)=5V
Converter #1
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Input Voltage UVLO

51
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EN FB

PGOOD

RFB3

20K

RFB4
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RPG

20K

VOUT(SLAVE)=3.3V

0.8V 0.8V

VIN(ON)=15V

VIN(OFF)=10V Converter #2
Sequential Power up 
based on PGOOD

 

Figure 23. Master-Slave Sequencing Power up Using PGOOD and EN 

Switching Frequency and Clock Synchronization 

To adjust frequency for optimizing external components for various applications, the system designer can connect 
a resistor from the RT pin to AGND or synchronize the SCT82A31 to an external clock signal through the SYNCIN 
pin.  

A free-running switching frequency can be programmed from 100KHz to 1.2MHz by using a resistor from the RT 
pin to AGND. The frequency set resistance RRT is calculated by Equation 5. Standard-value resistors for common 
switching frequencies are given in Table 1. 

ܴோ்ሾ݇πሿ ൌ
ͳͲସ

ሿݖܪௌௐሾ݇ܨ
 (5) 

Table 1. Frequency Set Resistor RT 

Switching Frequency (kHz) Frequency Set Resistance (kΩ) 

100 100 

200 49.9 

250 40.2 

300 
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Device Functional Modes 

Shutdown Mode 

The EN pin provides ON / OFF control for the SCT82A31. When the EN voltage is below 0.38V typical, the device 
is in shutdown mode. Both the internal bias supply LDO and the switching regulator are off. The quiescent current 
in shutdown mode drops to 7.2 ɛA typical at VIN = 48 V. The SCT82A31 also includes under voltage protection of 
the internal bias LDO. If the internal bias supply voltage is below its UVLO threshold level, the switching regulator 
remains off. 

Standby Mode 

The internal bias supply LDO has a lower enable threshold than the switching regulator. When the EN voltage 
exceeds 0.41 V typical and is below the precision enable threshold 1.2 V typically, the internal LDO is on and 
regulating. Switching action and output voltage regulation are disabled in standby mode. 

Active Mode 

The SCT82A31 is in active mode when the VCC voltage is above its rising UVLO threshold of 5 V and the EN 
voltage is above the precision EN threshold of 1.2 V. The simplest way to enable the SCT
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Duty-cycle-to-output transfer function 
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Compensator transfer function 
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Modulator transfer function  
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The compensation network typically employed with voltage-mode control is a Type-III circuit with three poles and 
two zeros. One compensator pole is located at the origin to realize high DC gain. The normal compensation strategy 
uses two compensator zeros to counteract the LC double pole, one compensator pole located to nullify the output 
capacitor ESR zero, with the remaining compensator pole located at one-half switching frequency to attenuate high 
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Table 3. Buck Regulator Poles and Zeros 

POWER STAGE POLES POWER STAGE ZEROS COMPENSATOR POLES COMPENSATOR ZEROS 

 
1
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 =


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1 2
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2 3

1
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1 2 3
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z

FB C CR R C
 =
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Figure 27 shows the open-loop response gain and phase. The poles and zeros of the system are marked with x 
and o symbols, respectively, and a + symbol indicates the crossover frequency. When plotted on a log (dB) scale, 
the open-loop gain is effectively the sum of the individual gain components from the modulator, power stage, and 
compensator. The open-loop response of the system is measured experimentally by breaking the loop, injecting a 
variable-frequency oscillator signal, and recording the ensuing frequency response using a network analyzer setup. 

 

Figure 27. Typical Buck Regulator Loop Gain and Phase with Voltage-Mode Control 

If the pole located at ɤp1 cancels the zero located at ɤESR and the pole at ɤp2 is located well above crossover, the 
expression for the loop gain, Tv(s) in Table 2, can be manipulated to yield the simplified expression given in Equation8 
as below. 

1 1

1 1
( ) IN

V

ramp FB C

V
T s

V s R C K
=  

 
                                                                                                                            (8) 

where 
• K is a constant, with a value range of 0.5 to 1 

Essentially, a multi-order system is reduced to a single-order approximation by judicious choice of compensator 
components. A simple solution for the crossover frequency (denoted as fc in Figure 27) with Type-III voltage- mode 
compensation is derived as shown in Equation 9. 

1 1

1 1
2 IN

c C

FB C ramp

V
f

R C V K
 =  =  


                                                                                                                                  (9) 
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The loop crossover frequency is usually selected between 1/10 to 1/5 of switching frequency. Inserting an 
appropriate crossover frequency into Equation 9 gives a target for the mid-band gain of the compensator, fc. Given 
an initial value for RFB1, RFB2 is then selected based on the desired output voltage. Values for RC1, RC2, CC1, CC2, 
and CC3 are calculated from the design expressions listed in Table 4, with the premise that the compensator poles 
and zeros are set as follows: ωz1 = K·ωo , ωz2 = ωo , ωp1 = ωSW /2, and

,  p1

 ω

�&
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Application Waveforms(continued) 
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Typical Application 
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Figure 41. Application Schematic, 48V to 5V, 20A Buck Regulator at 400kHz 

Design Parameters 
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Application Waveforms 

Vin=48V, Vout=5V, unless otherwise noted 

 
Figure 42. Power up(Iload=20A) 

 
Figure 43. Power down(Iload=20A) 

 
Figure 44.Enable (Iload=20A) 

 
Figure 45. Enable (Iload=0.1A) 

 

 
Figure 46. Normal to Hard Short 
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Application Waveforms(continued) 

Vin=48V, Vout=5V, unless otherwise noted 

 
Figure 48. Load Transient (2A-18A, 1.6A/us) 

 
Figure 49. Load Transient (5A-15A, 1.6A/us) 

 
Figure 50. Output Ripple, DCM (Iload=100mA) 

 
Figure 51. Output Ripple, FCCM (Iload=100mA) 

 

Figure 52. Output Ripple (Iload=20A) 

 

Figure 53. SYNCIN and SYNCOUT 
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Layout Guideline 

For PCB power loop design, as shown in Figure. 54, the distance between Q1 and Q2 shall be minimized, and the 
input capacitance 100nF shall be as close as possible to the drain of Q1 and the power ground. The inductance 
shall be close to the switching node to minimize the current loop. The small area of the buck regulator hot loop is 
denoted by the white arrow in Figure 54. This is critical to minimize EMI as well as switch-node voltage overshoot 
and ringing. 
 

                     

GND

VOUT

SW

VIN

 

Figure 54. Power stage PCB Lau
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Figure 55 shows an example PCB layout based on the SCT82A31
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PACKAGE INFORMATION 
     

 
TOP VIEW 

 
BOTTOM VIEW 

 
 
 
 
 
 
 

SIDE VIEW 
 

RECOMMENDED LAND PATTERN 

 
 

DFN3.5X4.5-20L Package Outline Dimensions 
 

 
NOTE: 

1. ALL DIMENSIONS ARE IN MILLIMETERS. 
2. EXPOSED PADDLE SIZE DOES NOT INCLUDE MOLD FLASH. 
3. LEAD COPLANARITY SHALL BE 0.08 MILLIMETERS MAX. 
4. JEDEC REFERENCE IS MO-220. 
5. DRAWING IS NOT TO SCALE. 
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