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1 Features 

 4.5V to 18V Input Voltage Range 

 Up to 2A Output Current 

 250uA Low IQ 

 Output to as low as 0.8V 

 Low RDS_ON for Internal Switches (High-side/Low-side) 110mΩ /60mΩ 

 Switching Frequency 800kHz 

 Pulse Frequency Mode at Light Load 

 Cycle-by-Cycle Current Limit 

 Internal Soft-start 

 Hic-cup for Short Circuit Protection 

 RoHS Compliant and Halogen Free 

 Compact Package: SOT563/SOT23-6 

2 Applications 

 Security cameras 

 Flat panels and monitors 

 Set top boxes and media players 

 General purpose 

3 General description 

The GD30DC1301x is a high efficiency synchronous step-down switching regulator. The 

device operates from an input voltage from 4.5V up to 18V. The main switch and synchronous 

switch are integrated in the device with very low RDS_ON and capable of delivering up to 2A 

current.  

The switching frequency is set at 800kHz to minimize output voltage ripple. Fault protections 

include under voltage lockout, cycle-by-cycle current limit and thermal shutdown. 

The GD30DC1301x is available with space saving SOT563 and SOT23-6 package and 

requires minimal number of external components. Together with its low quiescent current, the 

GD30DC1301x is ideal for security cameras, flat panels and monitors, digital set top boxes 

etc. 
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4 Device overview 

4.1 Device information 

Table 4-1. Device information for GD30DC1301x 

Part Number Package Function Description 

GD30DC1301x SOT563/SOT23-6 Buck 
High Efficiency High Voltage 2A 

Step-down Regulator 

4.2 Block diagram 

Figure 4-1 Block diagram for GD30DC1301x 
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4.3 Pinout and pin assignment 

Figure 4-2 GD30DC1301x pinouts 
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4.4 Pin definitions 

4.4.1 GD30DC1301x pin definitions 

Table 4-2. GD30DC1301x pin definitions 

Pin Name 
Pins 

Pin Type Functions description 
SOT563 SOT23-6 

VIN 1 3 P 

Power supply voltage. Operates from a 4.5V to 18V 

input rail. A decoupling capacitor is required to 

decouple the input. 

SW 2 2 O 
Switch output. Switch pin connected to the internal 

MOSFET switches and inductor terminal. 

GND 3 1 G Power ground. 

BST 4 6 O 

Boostrap. Connect a BST capacitor and a resistor 

between SW and BST to form a floating supply across 

the high-side switch driver. 

EN 5 5 I Enable. Pull high to enable the output. 

FB 6 4 I 
Feedback. Feedback pin for the internal control loop. 

Connect this pin to the external feedback divider. 

Notes: 

(1) Type: I = input, O = output, OD = open drain output, I/O = input or output, P = power,  

G = Ground. 
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5 Functional description 

5.1 Operation mode 

The GD30DC1301x is a synchronous switching DC/DC converter with constant on-time 

control. The adaptive on-time is so controlled by the input/output voltage that the IC operates 

at relative constant frequency, typically 800kHz. It is capable of delivering up to 2A for VIN 

between 4.5V and 18V. The output voltage can be as low as 0.8V. 

5.1.1 Constant on-time control 

Based on the VOUT/VIN ratio, a simple circuit sets the required on time for the high-side 

MOSFET. It makes the switching frequency relatively constant regardless of the variation of 

input voltage, output voltage, and load current. The relation between tON and VIN and VOUT is 

defined as following equation: 

𝑡𝑂𝑁 =
𝑉𝑂𝑈𝑇
𝑉𝐼𝑁

∗ 1.25𝑢𝑠 

Excellent load transient response is achieved with a unique fast response constant on-time 

valley current mode. The switching frequency changes during load transition so that the 

output voltage comes back in regulation faster than a traditional fixed PWM control scheme. 

Internal loop compensation is integrated which simplifies the design process while minimizing 

the number of external components. 

5.1.2 Enable 

When the input voltage is greater than the under-voltage lockout (UVLO) threshold 

4.0V(typical), the GD30DC1301x can be enabled by pulling EN higher than 1.2V(typical). 

Leaving EN floating or pulling it down to ground disables the GD30DC1301x. There is an 

internal 1MΩ resistor from EN to ground.  

5.1.3 Soft start 

After enabling the device, internal soft-start circuitry monotonically ramps up the output 

voltage which reaches nominal output voltage during a soft-start time of 2ms (typical). This 

avoids excessive inrush current and creates a smooth output voltage rise slope. 

5.1.4 Light load operation 

The GD30DC1301x automatically operates with pulse frequency modulation (PFM) 

at light load currents. As the output current decreases, the GD30DC1301x reduces 

the switching frequency to maintain high efficiency. When the inductor current 

reaches zero, the low-side MOSFET turns off. Then the output capacitors offer power 
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for load and feedback resistors.  

When FB voltage(VFB) drops below the reference voltage, the high-side MOSFET is turned 

on. As the output current increases, the time period that the current modulator regulates 

becomes shorter, and the high-side MOSFET turns on more frequently. The switching 

frequency increases in turn. The output current reaches critical levels when the current 

modulator time is zero, and can be determined with the following equation: 

𝐼𝑂𝑈𝑇 =
(𝑉𝐼𝑁 − 𝑉𝑂𝑈𝑇) ∗ 𝑉𝑂𝑈𝑇
2 ∗ 𝐿 ∗ 𝐹𝑆𝑊 ∗ 𝑉𝐼𝑁

 

5.1.5 Pre-Bias start-up 

The GD30DC1301x is designed for monotonic start-up into pre-biased loads. If the output is 

pre-biased to a certain voltage during start-up, the BST voltage is refreshed and charged, and 

the voltage on the soft start is charged as well. If the BST voltage exceeds its rising threshold 

voltage, and the soft-start voltage exceeds the sensed output voltage at FB, the part works 

normally. 

5.1.6 Bootstrap Charging 

An external bootstrap capacitor can supplies the high-side MOSFET driver. This 

high-side driver has its own UVLO protection. The rising threshold is 2.2V(typical) 

and a hysteresis is 150mV(typical).VIN regulates the bootstrap capacitor voltage 

through a diode. The bootstrap regulator maintain a 4.5V(typical) voltage across 

BST-SW. 

5.1.7 Under voltage lockout 

To avoid mis-operation of the device at low input voltages, the GD30DC1301x shuts down at 

voltages lower than 4V(typical) with hysteresis 300mV(typical).  

5.1.8 Over current protection 

The GD30DC1301x has a 4A(typical) valley current limit control. While the low-side MOSFET 

is turned on, the conduction current is monitored by the internal circuitry. During over current 

protection(OCP) mode, the inductor valley current is exceeded the low-side source current 

limit, the high-side MOSFET does not turn on and the low-side MOSFET stays on for the next 

cycle. The high-side MOSFET turns on again when the inductor valley current is below the 

low-side sourcing current-limit at the start of a cycle.  

5.1.9 Short circuit protection 

The GD30DC1301x enters short-circuit protection mode when it reaches the current limit and 

attempts to recover with hiccup mode. In this process, the GD30DC1301x disables the output 

power stage, discharges the soft-start capacitor, and then attempts to soft-start again 
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automatically. If the short-circuit condition remains after the soft-start ends, the 

GD30DC1301x repeats this cycle until the short-circuit disappears and the output rises back 

to regulation level, the hiccup time typically 6ms. 

5.1.10 Thermal shutdown 

The GD30DC1301x enters thermal shutdown once the junction temperature exceeds 160°C 

(typical). Once the device temperature falls below the threshold with hysteresis 20°C(typical), 

the device returns to normal operation automatically. 
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6 Application information 

6.1 Setting up the output 

An external resistor divider is used to set output voltage. By selecting R1 and R2, the output 

voltage is programmed to the desired value. When the output voltage is regulated, the typical 

voltage at the FB pin is VFB = 0.8V.  

𝑉𝑂𝑈𝑇 = 𝑉𝐹𝐵 ∗ (1 +
𝑅1
𝑅2
) 

Figure 6-1 Feedback resistor divider 
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6.2 Input capacitor selection 

The input current to the step-down converter is discontinuous and therefore requires a 

capacitor to supply AC current to the step-down converter while maintaining the DC input 

voltage. For best performance, use low ESR capacitors. Ceramic capacitors with X5R or X7R 

dielectrics are highly recommended because of their low ESR and small temperature 

coefficients. For most applications, a 22µF capacitor is sufficient. 

The input capacitor requires an adequate ripple current rating since it absorbs the input 

switching current. For simplification, choose an input capacitor with an RMS current rating 

greater than half of the maximum load current. 

6.3 Output capacitor selection 

The output capacitor (C3、C4) stabilizes the DC output voltage. Ceramic capacitors are 

recommended. Use low ESR capacitors to limit the output voltage ripple. Estimate the output 

voltage ripple with the following equation: 

∆𝑉𝑂𝑈𝑇 =
𝑉𝑂𝑈𝑇

𝑓𝑆𝑊 × 𝐿1
× (1 −

𝑉𝑂𝑈𝑇
𝑉𝐼𝑁

) × (𝑅𝐸𝑆𝑅 +
1

8 × 𝑓𝑆𝑊 × 𝐶𝑂𝑈𝑇
) 

Where L1 is the inductor value, and COUT is the output capacitor and RESR  is the equivalent 

series resistance (ESR) value of COUT. 

For tantalum or electrolytic capacitors, the ESR dominates the impedance at the switching 
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frequency. In the case of ceramic capacitors, the impedance at the switching frequency is 

dominated by the capacitance. The output voltage ripple is mainly caused by the capacitance. 

6.4 Inductor selection 

The inductor selection trade-offs among size, cost, efficiency, and transient response 

requirements. Generally, three key inductor parameters are specified for operation with the 

device: inductance value (L), inductor saturation current (ISAT), and DC resistance (DCR). 

A good compromise between size and loss is to choose the peak-to-peak ripple current equals 

to 20% to 40% of the IC rated current. The switching frequency, input voltage, output voltage, 

and selected inductor ripple current determines the inductor value as follows: 

IN OUT OUT

IN SW L

(V V ) V
L

V F I

 


 
 

Once an inductor value is chosen, the ripple current(∆IL) is calculated to determine the 

required peak inductor current. 

OUT OUT
L

SW IN

V V
I 1

F L V

 
   

  
 and    

L

L peak OUT max

I
I I

2


   
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7 Electrical characteristics 

7.1 Absolute maximum ratings 

The maximum ratings are the limits to which the device can be subjected without permanently 

damaging the device. Note that the device is not guaranteed to operate properly at the 

maximum ratings. Exposure to the absolute maximum rating conditions for extended periods 

may affect device reliability. 

Table 7-1 Absolute maximum ratings  

Symbol Parameter Min Max Unit 

VVIN Power supply pin −0.3 20 V 

VEN Enable pin −0.3 6 V 

VBST 
Boostrap voltage −0.3 25 V 

VBST -VSW −0.3 6.5 V 

VSW 
Switching node voltage −0.3 20 V 

10ns Transient −3 22 V 

VFB FB pin voltage −0.3 6.5 V 

Thermal characteristics 

TJ Operating junction temperature −40 150 °C 

Tstg Storage temperature −65 150 °C 

Pmax Maximum power dissipation @TA=25°C  0.7 W 

7.2 Recommended operation conditions 

Table 7-2 Recommended operation conditions  

Symbol Parameter Min Typ Max Unit 

VVIN Power supply pin 4.5  18 V 

VIO I/O pin voltage (EN,FB) 2.5  5.5 V 

Thermal characteristics 

TA Operating ambient temperature −40  85 °C 

TJ Operating junction temperature −40  125 °C 
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7.3 Electrical sensitivity 

The device is strained in order to determine its performance in terms of electrical sensitivity. 

Electrostatic discharges (ESD) are applied directly to the pins of the sample. 

Table 7-3 Electrostatic Discharge and Latch-up characteristics 

Symbol Parameter Conditions Value Unit 

VESD(HBM) 
Electrostatic discharge 

voltage (human body model) 

TA = 25 °C; 

JS-001-2017 
±2000 V 

VESD(CDM) 
Electrostatic discharge 

voltage (charge device model) 

TA = 25 °C; 

JS-002-2018 
±500 V 

7.4 Power supplies voltages and currents 

Table 7-4 Power supplies voltages and currents 

Symbol Parameter Conditions Min Typ Max Unit 

IQ Quiescent current 
VVIN = 12V, No switching, 

 TJ =25°C  
 250 300 µA 

ISHDN Shutdown current EN=0, VIN=12V  3 10 µA 

TON_DLY Turn-on delay time VVIN > VUVLO to SW start  0.5  ms 

TSS Soft-start period   2  ms 

VUVLO VIN under voltage lockout VIN voltage rising  4  V 

VUVLO 

_HYS 

VIN under voltage lockout 

hysteresis 
VIN rising to falling threshold  120  mV 

7.5 EN characteristics 

Table 7-5 EN characteristics 

Symbol Parameter Conditions Min Typ Max Unit 

VENH EN logic high voltage   1.23  V 

VHYS EN logic hysteresis   140  mV 

REN EN pull down resistor   1  MΩ 

7.6 Switching regulator characteristics 

Table 7-6 Switching regulator characteristics 

Symbol Parameter Conditions Min Typ Max Unit 

VFB 
Feedback voltage VIN=4.5 to 18V, TJ =25°C 0.792 0.8 0.808 V 

FB voltage over all temperature TJ =−20 to 125°C 0.780  0.820 V 

IFB FB leakage current    100 nA 

RNMOS Main NMOS switch VIN=5V, TJ =25°C  110  mΩ 
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Symbol Parameter Conditions Min Typ Max Unit 

RNMOS Synchronous NMOS switch VIN=5V, TJ =25°C  60  mΩ 

fSW Switching frequency VFB = 0.75V 600 800 1000 kHz 

ISW Switch node leakage current 
VEN = 0V, VIN = 12V, VSW = 

0V and 12V, TJ = 25°C 
  10 µA 

INMOS NMOS vally current limit sourcing  4  A 

IZCD Zero cross detection 
VOUT = 3.3V, LO = 2.2μH, 

IOUT = 0A 

 
20  mA 

tON_min Minimum on-time   50  ns 

tOFF_min Minimum off-time   180  ns 

TOT Thermal shutdown temperature Die temperature, TJ  160  °C 

THYS
 

Thermal hysteresis Die temperature, TJ  20  °C 
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7.7 Typical characteristics 

VIN = 12V, VOUT = 3.3V, L = 2.2uH, TA=+25°C, unless otherwise noted. 

 

Vout = 3.3V 

Efficiency vs. Output Current 

 

Vout = 2.5V 

Efficiency vs. Output Current 

 

Vout = 1.8V 

Efficiency vs. Output Current 

 

Vout = 1.2V 

Efficiency vs. Output Current 

 

Load Regulation vs. Output Current 

 

Line Regulation vs. Input Voltage 
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Typical Characteristic(continued) 

VIN = 12V, VOUT = 3.3V, L = 2.2uH, TA=+25°C, unless otherwise noted. 

 

VEN=2V, VFB=0.85V 

Quiescent Current vs. Input Voltage 

 

VEN=0V 

Shutdown Current vs. Input Voltage 

 

Case Temperature Rise vs.  

Output Current 
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Typical Characteristic(continued) 

VIN = 12V, VOUT = 3.3V, L = 2.2uH, TA=+25°C, unless otherwise noted. 

 

CH1 = VIN, CH2 = VOUT, CH3 = SW, CH4 = IL, IO = 0A 

Output Ripple 

 

CH1 = VIN, CH2 = VOUT, CH3 = SW, CH4 = IL, IO = 2A 

Output Ripple 

 

CH1 = VIN, CH2 = VOUT, CH3 = SW, CH4 = IL 

Short Circuit Entry 

 

CH1 = VIN, CH2 = VOUT, CH3 = SW, CH4 = IL 

Short Circuit Recovery 

 

CH1 = VIN, CH2 = VOUT, CH3 = SW, CH4 = IL, IO = 0A 

VIN Power Up 

 

CH1 = VIN, CH2 = VOUT, CH3 = SW, CH4 = IL, IO = 0A 

VIN Shut Down 

 

CH1 = VIN, CH2 = VOUT, CH3 = SW, CH4 = IL, IO = 2A 

VIN Power Up 

 

CH1 = VIN, CH2 = VOUT, CH3 = SW, CH4 = IL, IO = 2A 

VIN Shut Down 
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Typical Characteristic(continued) 

VIN = 12V, VOUT = 3.3V, L = 2.2uH, TA=+25°C, unless otherwise noted. 

 

CH1 = VEN, CH2 = VOUT, CH3 = SW, CH4 = IL, IO = 0A 

EN Power Up 

 

CH1 = VEN, CH2 = VOUT, CH3 = SW, CH4 = IL, IO = 0A 

EN Shut Down 

 

CH1 = VEN, CH2 = VOUT, CH3 = SW, CH4 = IL, IO = 2A 

EN Power Up 

 

CH1 = VEN, CH2 = VOUT, CH3 = SW, CH4 = IL, IO = 2A 

EN Shut Down 

 

CH2 = VOUT, CH4 = IO 

IO = 1A to 2A, 2.5A/us 

Load Transient Response 
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8 Typical application circuit 

Figure 8-1 Typical GD30DC1301x application circuit. 
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Note: Recommend 0Ω ≤ R4 ≤ 10Ω; 0.1uF ≤ C2 ≤ 1uF. 

Table 8-1 Components parameter recommend 

VOUT C1 C3/C4 R1 R2 R3 L1 

5.0V 22uF 22uF 40.2KΩ(1%) 7.68KΩ(1%) 75KΩ 3.3uH 

3.3V 22uF 22uF 40.2KΩ(1%) 13KΩ(1%) 75KΩ 2.2uH 

2.5V 22uF 22uF 40.2KΩ(1%) 19.1KΩ(1%) 100KΩ 2.2uH 

1.8V 22uF 22uF 40.2KΩ(1%) 32.4KΩ(1%) 110KΩ 1.5uH 

1.5V 22uF 22uF 40.2KΩ(1%) 45.3KΩ(1%) 147KΩ 1.5uH 

1.2V 22uF 22uF 40.2KΩ(1%) 82KΩ(1%) 147KΩ 1.0uH 
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9 Layout guideline 

Figure 9-1 Typical GD30DC1301x layout guideline 

Efficient PCB layout is critical for stable operation. For the high-frequency switching 

converter, a poor layout design can result in poor line or load regulation and stability 

issues. For best results, follow the guidelines below.  
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Notes: 

1) Place the high-current paths (GND, IN, and SW) very close to the device with 

short, direct, and wide traces. 

2) Place the input capacitor as close to IN and GND as possible. 

3) Place the external feedback resistors next to FB. 

4) Keep the switching node SW short and away from the feedback network. 

5) Keep the VOUT sense line as short as possible or keep it away from the 

power inductor. 
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10 Package information 

10.1 SOT563 package outline dimensions 

Figure 10-1 SOT563 package outline 
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Table 10-1 SOT563 dimensions 

Symbol Min Nom Max 

A 0.53 — 0.60 

A1 0.00 — 0.05 

b 0.19 — 0.27 

b1 0.18 0.20 0.23 

c 0.11 — 0.16 

c1 0.10 0.11 0.12 

D 1.50 1.60 1.70 

E 1.503 1.60 1.70 

E1 1.10 1.20 1.30 

e 0.50BSC 

L 0.10 0.20 0.30 

L1 0.20 0.30 0.40 

(Original dimensions are in millimeters) 
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Figure 10-2 SOT563 recommend footprint 
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(Original dimensions are in millimeters) 
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10.2 SOT23-6 package outline dimensions 

Figure 10-3 SOT23-6 package outline 
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Table 10-2 SOT23-6 dimensions 

Symbol Min Nom Max 

A — — 1.25 

A1 0.04 — 0.10 

A2 1.00 1.10 1.20 

b 0.38 — 0.46 

b1 0.37 0.40 0.43 

c 0.13 — 0.17 

c1 0.12 0.13 0.14 

D 2.82 2.92 3.02 

E 2.60 2.8 3.00 

E1 1.50 1.6 1.70 

e 0.95 BSC 

e1 1.90 BSC 

L 0.30 — 0.60 

L1 060 REF 

θ 0° — 8° 
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Figure 10-4 SOT23-6 recommend footprint 
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10.3 Thermal characteristics 

Thermal resistance is used to characterize the thermal performance of the package device, 

which is represented by the Greek letter “Θ”. For semiconductor devices, thermal resistance 

represents the steady-state temperature rise of the chip junction due to the heat dissipated 

on the chip surface. 

ΘJA: Thermal resistance, junction-to-ambient. 

ΘJB: Thermal resistance, junction-to-board. 

ΘJC: Thermal resistance, junction-to-case. 

ΨJB: Thermal characterization parameter, junction-to-board. 

ΨJT: Thermal characterization parameter, junction-to-top center. 

ΘJA = (TJ - TA)/PD 

ΘJB = (TJ – TB)/PD 

ΘJC = (TJ – TC)/PD 

Where, TJ = Junction temperature. 

TA = Ambient temperature 

TB = Board temperature 

TC = Case temperature which is monitoring on package surface 

PD = Total power dissipation 

ΘJA represents the resistance of the heat flows from the heating junction to ambient air. It is 

an indicator of package heat dissipation capability. Lower ΘJA can be considerate as better 

overall thermal performance. ΘJA is generally used to estimate junction temperature. 

ΘJB is used to measure the heat flow resistance between the chip surface and the PCB board.  

ΘJC represents the thermal resistance between the chip surface and the package top case. 

ΘJC is mainly used to estimate the heat dissipation of the system (using heat sink or other 

heat dissipation methods outside the device package). 

Table 10-3. SOT563 Package thermal characteristics(1) 

Symbol Condition Package Value Unit 

ΘJA Natural convection, 2S2P PCB SOT563 88.8 °C/W 

ΘJB Cold plate, 2S2P PCB SOT563 28.3 °C/W 

ΘJC Cold plate, 2S2P PCB SOT563 55.6 °C/W 

Table 10-4. SOT23-6 Package thermal characteristics(1) 

Symbol Condition Package Value Unit 

ΘJA Natural convection, 2S2P PCB SOT23-6 117.71 °C/W 

ΘJB Cold plate, 2S2P PCB SOT23-6 59.55 °C/W 

ΘJC Cold plate, 2S2P PCB SOT23-6 34.00 °C/W 

ΨJB Natural convection, 2S2P PCB SOT23-6 59.46 °C/W 

ΨJT Natural convection, 2S2P PCB SOT23-6 2.27 °C/W 

(1) Thermal characteristics are based on simulation, and meet JEDEC specification. 
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11 Ordering information 

Table 11-1 Part order code for GD30DC1301x devices  

Ordering Code Package Package Type Packing Type MOQ 
Temperature 

Junction Range 

GD30DC1301SOTR-I SOT563 Green Tape&Reel 5000 −40°C to +125°C 

GD30DC1301SSTR-I SOT23-6 Green Tape&Reel 3000 −40°C to +125°C 
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12 Revision history 

Table 12-1 Revision history 

Revision No. Description Date 

1.0 Initial Release 2023 

1.1 

1. Chapter 8 Typical application circuit, add R4 and C2 

recommended value range.  

2. Modify section 10.2 SOT23-6 package outline dimensions to 

include A with a maximum value of 1.25mm, E typical value 

equal to 2.8mm, and E1 typical value equal to 1.6mm. 

2023 
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