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Description    

The APM2003A is a high efficiency synchronous Boost  

PWM controller that drives all N-channel power MOSFETs to step 

up output voltage up to 30V. Synchronous rectification increases 

efficiency, reduces power losses and eases thermal  

requirements, allowing the APM2003A to be used in high power 

Step Up applications. The 2.7V to 30V input voltage range 

supports a wide range of battery and AC powered inputs. The 55µA 

no load quiescent current extends operating run timein 

batterypowered systems.  

The adjustable operating frequency (100kHz to 1MHz) can be 

synchronized to an external clock with the internal PLL. The 

APM2003A also features a precision 1.224V reference and a 

power good output indicator. The MODE/SYNC pin selects 

between pulse skipping mode and force PWM mode at light loads.  

Features  

1、2.7V to 40V (40V Abs Max) Input Range  

2、30V Maximum Output Voltage   

3、±1.5% 1.224V Reference Voltage  

4、Low Quiescent Current 55µA  

5、Shutdown Supply Current 5μA  

6、Adjustable Input UVLO through EN pin   

7、Resistor or Inductor DCR Current Sensing   

8、Adjustable Frequency from 100kHz to 1MHz  

with Synchronization Capability to an external clock  

9、Output Voltage Power Good Indicator  

10、Internal 5.4V LDO for Gate Drive Supply  

11、Cycle-by-Cycle Current Limit  

12、Thermal Shutdown  

13、QFN3mm×3mm_16L Packages  

14、Pb-Free ROHS compliant  

Application  

1、5V,9V,12V,20V and 24 VDC Bus Power  

2、Power Banks and Electronic Cigarette   

3、Thunderbolt Port for PCs  

4、Tablet Computer Accessories  

5、Industrial Battery Powered Systems   

6、RF Power Amplifiers  

7、Synchronous Flyback  

 

Typical Application  
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Pin Configuration  

 

Pin Description  

Pin Name  Pin No. Description 

SW  1  
Switching node of the Step-up converter. Connect this pin to the drain of the low side MOSFET, the 

source of high side synchronous MOSFET and the inductor.  

PGOOD  2  
Power Good Indicator. Open-drain output that is pulled to ground when the output voltage is more 

than ±10% away from the regulated output voltage. A 500kΩ pull-up resistor is recommended 

between PGOOD and VCC.  

FB  3  
Error amplifier input and feedback pin for voltage regulation. Connect FB to the center tap of a 

resistor divider to set the output voltage.  

ISP  4  
Positive Current Sense Amplifier Input. The current sense resistor is normally placed at the input of 

the step-up controller in series with the inductor.  

ISN  5  
Negative Current Sense Amplifier Input. The common mode voltage range on the ISP and ISN pins is 

2.5V to 30V (40V abs max).  

COMP  6  
Output of the internal transconductance error amplifier. The feedback loop compensation network is 

connected from COMP pin to GND.  

NC  7    

Pin Name  Pin No. Description 

MODE 

/SYNC  
8  

Light Load Pulse-skip mode or Force-PWM mode control and an external clock synchronization 

input. An internal 100k resistor to GND sets automatically pulse-skip mode at light load condition 

when the pin is floated. There are three operating modes:  

• MODE/SYNC low or Float: Operate in pulse-skip mode at light load.  

• MODE/SYNC high: Operate in force-PWM mode at light load with the oscillator frequency  set at 

FREQ pin by RFREQ.  

• MODE/SYNC clocked: Operate in force-PWM mode at light load with the oscillator frequency set 

by SYNC clock input. Force the rising DRL signal to be synchronized with the rising edge of the 

external clock.  

FREQ  9  
Oscillator Frequency Set Input. A resistor from FREQ to GND sets the oscillator from 100kHz to 

1000kHz (Typical RFREQ=75kΩ sets Fosc=500kHz). RFREQ is still required if an external clock is used 

at MODE/SYNC pin.   

EN  10  

Enable input. Pull EN above 1.21V to turn on the converter, and pull EN below 1.11V to shutdown 

the converter. EN pin can be used to implement adjustable input voltage under voltage lockout 

(UVLO) using two resistors. Connect EN to the center tap of a resistor divider to set the input UVLO 

threshold.   

  

  APM2003A TOP VIEW  
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GND  11  
Ground pin. Connect this pin to the source of the bottom (main) N-channel MOSFET and the (–) 

terminal(s) of CIN and COUT. All small-signal components and compensation components should also 

connect to this ground.   

DRL  12  
Low side gate driver output. Connect this pin to the gate of the low side N-channel MOSFET.  

When VH bias is removed, an internal 200kΩ resistor pulls DRL to GND.  

VCC  13  

5.4V On-Chip Low Dropout Linear Regulator Output (LDO). This regulator powers all internal circuitry 

including the low side and high side N-channel MOSFET gate drivers.  

Bypass VCC to GND with a 1μF or greater ceramic capacitor.  

When the input voltage Vin is < 5.5V, Connect Vcc to Vin thru a Diode.  

VH  14  

The supply pin to On-Chip LDO Regulator. The operating voltage range on this pin is 2.7V to 30V (40V 

abs max). Bypass VH to GND with a 0.1μF ceramic capacitor.   

When the input voltage Vin is < 5.5V, connect VH to the Vout output of step-up converter to get 

maximum voltage for gate drivers.   

When the input voltage Vin is > 5.5V, connect VH to the Vin input voltage to improve 

efficiency.    

BST  15  
Bootstrap capacitor node for high-side MOSFET gate driver. Connect the bootstrap capacitor 0.1µF 

from this pin to the SW pin.  

DRH  16  
High side gate driver output. Connect this pin to the gate of the high side synchronous rectifier N-

channel MOSFET.   

EP  EP  Exposed pad must be soldered to achieve appropriate power dissipation. Connect EP to GND.  

 

Absolute Maximum Rating (Note1)   

VH, ISP, ISN to GND -0.3V to +40V 

ISP to ISN -0.3V to +0.3V 

SW to GND  -1V to +40V 

BST to GND  -0.3V to +40V 

BST to SW  -0.3V to +6V 

MODE/SYNC, PGOOD to GND  -0.3V to +6V 

EN, FB, SS, COMP, VCC to GND  -0.3V to +6V 

Lead Temperature  260°C 

Junction temperature range, TJ  -40°C ~+150°C 

Storage temperature range, TSTG  -55°C~+150°C 

Recommend Operating Conditions (Note2)  

Input Voltage (VIN)  +2.7V to +30V 

Operating Temperature Range  -40°C to +85°C 

Output Voltage (VOUT)  +3V to +30V 

Thermal Information (Note3,4)   

Maximum Power Dissipation (TA=+25°C )  2.0W 

Thermal Resistance (θJC) QFN3x3_16L 7.8°C/W 

Thermal Resistance (θJA) QFN3x3_16L 50°C/W 

Note(1): Stress exceeding those listed “Absolute Maximum Ratings” may damage the device.  

Note(2): The device is not guaranteed to function outside of the recommended operating conditions.  

Note(3): Measured on JESD51-7, 4-Layer PCB.  

Note(4): The maximum allowable power dissipation is a function of the maximum junction temperature TJ_MAX, the junction to ambient 

thermal resistance θJA, and the ambient temperature TA. The maximum allowable continuous power dissipation at any ambient 

temperature is calculated by PD_MAX= (TJ_MAX-TA)/θJA. Exceeding the maximum allowable power dissipation will cause excessive die 

temperature, and the regulator will go into thermal shutdown. Internal thermal shutdown circuitry protects the device from permanent 

damage.  
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Electrical Characteristics  

TA = +25°C, 2.7V ≤ VH ≤ 30V, unless otherwise noted. Typical values are at VH=VISP=VISN=12V, VEN=2V and VMODE=0V.  

Parameter Test Conditions Min Typ Max Unit 

Supply and Enable       

Input supply range VH    2.7    40  V  

Linear Regulator VCC Output Voltage  

6V<VH<30V, ICC=1mA  5.18  5.40  5.62  V  

VCC Load Regulation  

ICC=0mA to 50mA  
  0.5    %  

VCC Under-voltage lockout threshold  
VH=VCC Ramp Up  

VH=VCC Ramp Down  

  

1.6  

2.0  

1.8  

2.5  

  
V  

EN Pin On Threshold  VEN Rising, Turn On the device  1.11  1.21  1.31  V  

EN Pin Off Threshold  VEN Falling, Turn Off the device    1.10    V  

EN Pin Input Current  VEN=2V    1    nA  

Operating quiescent current into VH  VFB=1.25V, Device no switching    55  80  µA  

Shutdown Current  VEN=0.4V    5  10  µA  

Feedback voltage VFB    1.212  1.224  1.236  V  

Feedback Current IFB  VFB=1.25V    1    nA  

 Error Amplifier Transconductance   VCOMP=1.2V    2    m Mho  

 COMP pin clamp voltage  

 Hi Clamp Voltage, VFB=1.1V    2.6    

V  
 Hi Clamp Voltage, VFB=1.3V    0.4   

 Current Sense Amplifier  

 Maximum current sense threshold   ΔV(ISP-ISN)  90  100  110  mV  

 Reverse current sense threshold   ΔV(ISP-ISN)    4    mV  

 Current Sense Input Current   VISP=VISN=12V    70    µA  

 Current Sense Input Range    2.5    30  V  

 Oscillator and External SYNC Clock  

 Oscillator frequency fOSC    RFREQ=110kΩ    600    kHz  

 Maximum Duty Cycle      87    %  

 Minimum On Time      200    ns  

 SYNC Input Frequency Range    100    1000  kHz  

 MODE/SYNC Logic Input Hi    2      V  

 MODE/SYNC Logic Input Lo        0.4  V  

 Gate Driver       
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 Hside Gate Driver DRH On   

 Resistance  
DRH high or low    1    Ω  

 Hside Gate Driver DRL On   

 Resistance  
DRL high or low    1    Ω  

 Power Good Indicator  

 PGOOD Low Threshold  

VFB with respect to the Feedback  

Voltage, VFB Falling  
87  90  93  

%  
Hysteresis, VFB Rising    +3    

 PGOOD High Threshold  

VFB with respect to the Feedback  

Voltage, VFB Rising  
107  110  113  

%  
Hysteresis, VFB Falling    -3    

 PGOOD Sink Current    VPGOOD = 0.4V  2  4    mA  

 PGOOD Leakage Current  VPGOOD = 5V    0.001  1  µA  

 Thermal Shutdown  

 Thermal Shutdown Threshold      160    ℃  

 Thermal Shutdown Hysteresis      35    ℃  

 

Functional Block Diagram  
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Detailed Description  

Opeartion (Refer to the Functional Block Diagram)  

The APM2003A is a high-performance wide input range synchronous step-up controllers that accept a 2.7 V to 30 V (40 V 

abs max) input and support output voltages up to 30V. The devices have gate drivers for both the low side Nchannel 

MOSFET and the high side synchronous rectifier N-channel MOSFET. Voltage regulation is achieved employing constant 

frequency current mode pulse width modulation (PWM) control. The switching frequency is set either by an external timing 

resistor or by synchronizing to an external clock signal. The switching frequency is programmable from 100kHz to 1MHz in 

the resistor programmed mode or can be synchronized to an external clock between 100kHz to 1MHz. The PWM control 

circuitry turns on the low side MOSFET at the beginning of each oscillator clock cycle, as the error amplifier compares the 

output voltage feedback signal at the FB pin to the internal 1.224 V reference voltage. The low side MOSFET is turned-off 

when the inductor current reaches a threshold level set by the error amplifier output. After the low side MOSFET is turned 

off, the high side synchronous MOSFET is turned on until the beginning of the next oscillator clock cycle or until the inductor 

current reaches the reverse current sense threshold. The input voltage is applied across the inductor and stores the energy 

as inductor current ramps up during the portion of the switching cycle when the low side MOSFET is on. Meanwhile the 

output capacitor supplies load current. When the low side MOSFET is turned off by the PWM controller, the inductor 

transfers stored energy via the synchronous MOSFET to replenish the output capacitor and supply the load current. This 

operation repeats every switching cycle. The MODE pin can be used to select different operation modes. Set MODE pin 

low to enable pulse skip mode and improve efficiency at light load. In pulse skip mode, the converter only operates when 

the output voltage trips below a set threshold voltage. It ramps up the output voltage with one or several pulses and goes 

again into pulse skip mode once the output voltage exceeds the set threshold voltage. This pulse skip mode can be disabled 

by setting the MODE to VCC. The devices feature internal slope compensation to avoid sub-harmonic oscillation that is 

intrinsic to peak current mode control at duty cycles higher than 50%. They also feature adjustable soft-start time, optional 

lossless inductor DCR current sensing, an output power good indicator, cycle-by-cycle current limit and over-temperature 

protection.  

  
Applications Information  
APM2003A can be configured to use either a discrete sense resistor (RSENSE) or inductor DCR (DC resistance) sensing for 

current sensing. The choice between the two current sensing schemes is largely a design trade-off between cost, power 

consumption and accuracy. DCR sensing is becoming popular because it does not require current sensing resistors and is 

more power efficient, especially in high current applications. However, current sensing resistors provide the most accurate 

current limits for the controller. The other external component selection is driven by the load requirement, and begins with 

the selection of switching frequency, inductor and RSENSE. Next, the power  

MOSFETs are selected. Finally, input and output capacitors are selected.   

  
Switching Frequency Selections  
The first step is to determine the switching frequency of the Step-up converter. There are tradeoffs to consider when 

selecting a higher or lower switching frequency. Typically, the designer uses the highest switching frequency possible since 

this results in the smallest solution size. A higher switching frequency allows for lower value inductors and smaller output 

capacitors compared to a Step-up converter that switches at a lower frequency.  

A lower switching frequency will produce a larger solution size but typically has a better efficiency by reducing MOSFET 

switching losses. The switching frequency can also be limited by the minimum on-time of the controller based on the input 

voltage and the output voltage of the application. Minimum on-time, TONmin, is the smallest time duration that the APM2003A 

is capable of turning on the low side MOSFET and correctly sensing inductor current for peak current mode control. The 

minimum on-time for the APM2003A is approximately 200ns. To determine the maximum allowable switching frequency, 

first estimate the continuous conduction mode (CCM) duty cycle using Equation 1 with the maximum input voltage.  
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To determine the timing resistance at FREQ pin for a given switching frequency use the curve in Figure 1.  

  

Figure 1. Switching Frequency versus Resistor Value at the FREQ Pin  

  

The APM2003A has an internal phase-locked loop (PLL) comprised of a phase frequency detector, a low-pass filter and a 

voltage-controlled oscillator (VCO). This allows the turn-on of the low side MOSFET at the rising edge of an external clock 

signal applied to the MODE/SYNC pin. Typically, the external clock (on MODE/SYNC pin) input logic high threshold is 2 V, 

while the input logic low threshold is 0.4 V. The APM2003A can only be synchronized to an external clock whose frequency 

is 100kHz and 1MHz.  

  

Inductor Selection  

The selection of the inductor affects the steady-state operation as well as transient behavior and loop stability. These 

factors make it an important component in a switching power supply design. The three most important inductor 

specifications to consider are inductor value, DC resistance (DCR), and saturation current rating. In a step-up topology 

the average inductor current is equal to the input current. The highest average current through the inductor and the switch 

depends on the maximum output load, converter efficiency η, the minimum input voltage (VINmin), and the output voltage 

(VOUT). The inductor saturation current rating should be greater (by some margin) than the maximum average inductor 

average current. Estimation of the maximum average inductor current can be done using Equation 2:  

 

For example, for an output current of 2A at 19V with 85% efficiency, at least 14.9A of average current flows through the 

inductor at a minimum input voltage of 3V.  

  

The inductor value has a direct effect on ripple current. Let the parameter ∆IL represent the inductor peak-peak ripple 

current. The inductor ripple current contributes to the output current ripple that must be filtered by the output capacitor. 

Therefore, choosing high inductor ripple currents impacts the selection of the output capacitor. Higher values of ∆IL lead 

to discontinuous mode (DCM) operation at moderate to light loads. The inductor ripple current ∆IL decreases with higher 

inductance or frequency and increases with higher VIN. Estimation of the inductor ripple current can be done using 

Equation 3: 
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Accepting larger values of ∆IL allows the use of low inductances, but results in higher output voltage ripple and greater 

core losses. A reasonable starting point for setting ripple current is ∆IL = 0.3*ILmax. In a step-up topology, the maximum 

ripple current ∆IL occurs at 50% duty cycle (VIN = ½*VOUT).   

  

The APM2003A step-up converters have been optimized to operate with an effective inductance in the range of 1μH to 

10μH. Larger or smaller inductor values can be used to optimize the performance of the device for specific operating 

conditions.  

  

ISP and ISN Pins  
The ISP and ISN pins are the inputs to the current sense amplifier. The common mode input voltage range of the current 

sense amplifier is 2.5V to 30V. The current sense resistor is normally placed at the input of the controller in series with the 

inductor.   

The ISP pin also provides power to the current comparator. It draws ~20µA during normal operation. There is a small base 

current of less than 1µA that flows into the ISN pin. The high impedance ISN input to the current sense amplifier allows 

accurate DCR sensing.  

  

Filter components mutual to the sense lines should be placed close to the APM2003A, and the sense lines should be Kelvin-

sense connection underneath the current sense resistor (shown in Figure 2). If DCR sensing is used (Figure 3b), sense 

resistor R1 should be placed close to the switching node, to prevent noise from coupling into sensitive small-signal nodes.  

   

 

   (3a) Using a Current Sense Resistor                (3b) Using the Inductor DCR to Sense Current  

Figure 3. Two Current Sensing Methods  
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Current Sensing Resistor   

A typical sensing circuit using a discrete resistor is shown in Figure 3a. RSENSE is chosen based on the required maximum 

average inductor current. The current comparator has a maximum threshold VSENSEmax of 100mV (typical) and 90mV 

(minimum). To ensure that the application will deliver full load current over the full operating temperature range, choose 

the minimum value 90mV for the maximum current sense threshold VSENSEmax. The current comparator threshold sets the 

peak of the inductor current, yielding a maximum average inductor current, ILmax, equal to the peak value less half the 

peak-to-peak ripple current, ∆IL. To calculate the sense resistor value, use the Equation 4:  

  

Inductor DCR Sensing  

For applications requiring the highest possible efficiency at high load currents, the APM2003A is capable of sensing the 

voltage drop across the inductor DCR, as shown in Figure 3b. The DCR of the inductor can be less than 1mΩ for high 

current inductors. In a high current application requiring such an inductor, conduction loss through a sense resistor could 

reduce the efficiency by a few percent compared to DCR sensing.  

If the external R1||R2 • C1 time constant is chosen to be exactly equal to the L/DCR time constant, the voltage drop  across 

the external capacitor is equal to the drop across the inductor DCR multiplied by R2/(R1 + R2). R2 scales the voltage 

across the sense terminals for applications where the DCR is greater than the target sense resistor value. To properly 

dimension the external filter components, the DCR of the inductor must be known. It can be measured using a good RLC 

meter, but the DCR tolerance is not always the same and varies with temperature. Consult the manufacturer’s data sheets 

for detailed information. Using the inductor ripple current value from the inductor section, the target sense resistor value is 

calculated with Equation 5:  

 

C1 is usually selected to be in the range of 0.1µF to 0.47µF. This forces R1|| R2 to around 2kΩ, reducing error that might 

have been caused by the ISN pin ±1µA current.  

Power MOSFET Selection  

Two external power MOSFETs must be selected for the APM2003A: one N-channel MOSFET for the low side (main) 

switch, and one N-channel MOSFET for the high side (synchronous) switch. The maximum gate drive voltage levels are 

set by the VCC voltage which is typically 5.4V. Consequently, use logic-level threshold MOSFETs in most applications. 

Two primary considerations when selecting the power MOSFETs are the average gate drive current required and the 

estimated MOSFET power losses. The average gate drive current must be less than the 50mA (minimum) VCC supply 

current limit. This current is calculated using Equation 6. With the selected power block and 5.4V VCC, the low-side FET 

has a total gate charge of 10nC and the high-side FET has a total gate charge of 5nC. The required gate drive current is 

12mA for 800kHz switching frequency.   
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The two largest components of power loss in the MOSFETs are switching and conduction losses. Both losses are the 

highest at the minimum input voltage when the output current is the maximum.   

Input Capacitor Selection  

Place a high quality 0.1μF in parallel with at least a 10µF or higher ceramic type X5R or X7R bypass capacitor at the V IN 

pin to power ground PGND for proper decoupling. Based on the application requirements additional bulk capacitance are 

needed to meet input voltage ripple, transient and EMI requirements. The value of the CIN is a function of the source 

impedance, and in general, the higher the source impedance, the higher the required input capacitance. The required 

amount of input capacitance is also greatly affected by the duty cycle. High output current applications that also experience 

high duty cycles can place great demands on the input supply, both in terms of DC current and ripple current. The input 

capacitor voltage rating should comfortably exceed the maximum input voltage.   

  

Setting Input Under-voltage Lockout (UVLO)   

The EN pin voltage must be greater than 1.21 V (typical) to enable APM2003A. The device enters shutdown mode when 

the EN voltage is less than 0.4V. In shutdown mode, the input supply current for the device is less than 5μA. When the 

EN pin voltage is higher than the shutdown threshold but less than 1.21V, the devices are in standby mode. Adjustable 

input UVLO can be accomplished using the EN pin. As shown in Figure 4, a resistor divider from the VIN pin to GND sets 

the input UVLO level. Choose the bottom UVLO resistor RUVLO_BOT in the 10kΩ~200kΩ range to set the divider current at 

10µA or higher. Typically select RUVLO_BOT=100kΩ. The value of top resistor RUVLO_TOP, depending on the the desired turn-

on voltage VSTART at the VIN pin, can be calculated with Equation 7:  

  

  

 
 
Figure 4. Input UVLO Setting  

Output Capacitor Selection  

In a step-up converter, the output has a discontinuous current, so output capacitor COUT must be capable of reducing the 

output voltage ripple and filtering the high di/dt path of the supply. It is recommended to use X5R or X7R ceramic capacitors 

placed as close as possible to the VOUT pin and power ground PGND pin. The effects of ESR (equivalent series resistance) 

and the bulk capacitance must be considered when choosing the right capacitor for a given output ripple voltage. The 

steady ripple voltage due to charging and discharging the bulk output capacitance in a single phase step-up converter is 

given by Equation 8. This value does not take into account the ESR of the output capacitor.  
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Where COUT is the output filter capacitor.  

For example: Build 5V nominal output voltage from the minimum 3V input supply voltage. Select switching frequency 

600kHz. Choose output capacitor to get less than 50mV ripple (1% of VOUT) at maximum 4Amp output current. The 

minimum output capacitor is 53μF required to limit the output voltage ripple.  

 

Multiple capacitors placed in parallel may be needed to meet the ESR and RMS current handling requirements. Ceramic 

capacitors have excellent low ESR characteristics but can have a DC Bias effect, which will have a strong influence on the 

final effective capacitance. Capacitance deratings for aging, temperature and dc bias increase the minimum value required. 

The voltage rating must be greater than the output voltage with some tolerance for output voltage ripple and overshoot in 

transient conditions. For this example 4 x 22μF, 25 V ceramic capacitors with 5 mΩ of ESR are used. The 40% derated 

capacitance is 52.8μF, approximately equal to the calculated minimum.  

Setting Output Voltage  

The APM2003A output voltage is set by an external feedback resistor divider carefully placed across the output, as shown 

in Figure 5. Great care should be taken to route the VFB line away from noise sources, such as the inductor or the SW line. 

Also, keep the FB trace as short as possible to avoid noise pickup. The typical value of the voltage on the FB pin is 1.224V. 

The maximum allowed value for the output voltage is 30V. Choose the bottom resistor RFB_BOT in the 10kΩ~200kΩ range 

to set the divider current at 6µA or higher. Typically select RFB_BOT=100kΩ. The value of top resistor RFB_TOP, depending on 

the needed output voltage VOUT, can be calculated using Equation 8:  

     (Equation 8)  

 

  
Figure 5. Output Voltage Setting  
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Bootstrap Capacitor Selection  

Place a 0.1μF~1μF X5R or X7R ceramic capacitor between the BST and SW pins for proper operation. This capacitor 

provides the instantaneous charge and gate drive voltage needed to turn on the high-side MOSFET.  

VCC Low-Dropout Linear Regulator  

The APM2003A features an internal P-channel low dropout linear regulator (LDO) that supplies power to the VCC pin from 

the VIN supply pin. VCC powers the gate drivers and much of the APM2003A’s internal circuitry. The LDO output VCC is 

regulated to 5.4V. It can supply at least 50mA and must be bypassed to ground with a minimum of 1µF X5R or better grade 

ceramic capacitor. The capacitor should have a 10 V or higher voltage rating.Good bypassing is needed to supply the high 

transient currents required by the MOSFET gate drivers. A VCC under-voltage detection circuit prevents the internal PWM 

control circuitry and gate drivers from operation when VCC voltage is below 2V (typical).   

The Control Loop Compensation  

The series RC-CC filter at COMP pin sets the dominant pole-zero loop compensation. The resistor RC in series with a 

capacitor CC creates a compensating zero. A capacitor CP in parallel to these two components can be added to form a 

compensating pole. In a step-up topology, the maximum crossover frequency is typically limited by the righthalf plane zero 

(RHPZ). The compensation design should be done at the minimum input voltage and full load when the RHPZ is at the 

lowest frequency. The crossover frequency should also be limited to less than 1/4 of the RHPZ frequency.   

Table 1. Gives RC, CC and CP values for certain inductors, input and output voltages providing a very stable system. For a 

faster response time, a higher RC value can be used to enlarge the bandwidth, as well as a slightly lower value of CC to 

keep enough phase margin. These adjustments should be performed in parallel with the load transient response monitoring 

of APM2003A.  

Table 1. Recommended Compensation Network Values  

Application Iout-max Frequency Inductor Rsens Cin Cout RC CC and CP 

1-Cell step-up to 
5V 
VinRange:3V~4.3
5V  

4A  600kHz  
2.2µH  
ISAT=11.5A  

6mΩ  

3*22µF16VX5R,X7R  4*22µF16VX5R
, X7R  

1kΩ  
CC=47nF 
CP=220pF  

1-Cell step-up to 
9V 
VinRange:3V~4.3
5V  

2A  600kHz  
2.2µH  
ISAT=11.5A  

6mΩ  

3*22µF25V X5R, X7R  4*22µF25VX5R
, X7R  

1kΩ  
CC=47nF 
CP=220pF  

1-Cell step-up to 
12VVinRange:3V
~4.35V  

2A  600kHz  
2.2µH  
ISAT=11.5A  

6mΩ  

3*22µF25V X5R, X7R  4*22µF25VX5R
, X7R  

1kΩ  
CC=47nF 
CP=220pF  

2-Cell step-up to 
12V  
Vin Range: 
6V~8.4V  

4A  600kHz  
2.2µH  
ISAT=15A  

5mΩ  

3*22µF25V X5R, X7R  4*22µF25VX5R
, X7R  

1kΩ  
CC=47nF 
CP=220pF  

  

Power Good  

The PGOOD pin is connected to an open-drain of an internal N-channel MOSFET. The MOSFET turns on and pulls the 

PGOOD pin low when the VFB pin voltage is not within ±10% of the 1.224V reference voltage. The PGOOD pin is also 

pulled low when the corresponding EN pin is low (shut down). When the FB pin voltage is within the ±10% regulation 

threshold range, the internal MOSFET is turned off and the pin is allowed to be pulled up by an external resistor to VCC 

pin. 
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Thermal information  
Implementation of integrated circuits in low-profile and fine-pitch surface-mount packages typically requires special attention 

to power dissipation. Many system-dependent issues such as thermal coupling, airflow, added heat sinks and convection 

surfaces, and the presence of other heat-generating components affect the power-dissipation limits of a given component.  

Three basic approaches for enhancing thermal performance are listed below:  

A:Improve the power dissipation capability of the PCB design    

B:Improve the thermal coupling of the component to the PCB    

C:Introducing airflow in the system  

  

The maximum junction temperature (TJ) of the APM2003A devices is 150°C and worse case won’t excess 135°C, The 

thermal resistance of the 16-pin QFN package is θJA = 50°C /W, if the Exposed PAD is soldered. Specified regulator 

operation is assured to a maximum ambient temperature TA of +85°C. Therefore, the maximum power dissipation for the 

16-pin QFN package it is about 1W. More power can be dissipated if the maximum ambient temperature of the application 

is lower.  

 

The APM2003A internal P-channel low dropout linear regulator (LDO) can supply 50mA current at the VCC pin from the VH 

supply pin. VCC powers the gate drivers and much of the APM2003A’s internal circuitry. High input voltage applications in 

which large MOSFETs are being driven at high frequencies may cause the maximum junction temperature rating for the 

APM2003A to be exceeded. The power dissipation for the IC is equal to (VIN-VCC)* IVCC. The gate charge current is 

dependent on operating frequency. The junction temperature can be estimated by package thermal resistance θJA. For 

example, at +85°C ambient temperature, the APM2003A VCC current is limited to less than 40mA in the QFN package 

from a 30V supply:  

 TJ= 85°C+(40mA)(30V-5.4V)(50°C/W) = 134.2°C  

  

PCB Layout consideration  
Use wide and short traces for the main current path and for the power ground tracks. The input capacitor, output capacitor, 

and the inductor should be placed as close as possible to the IC. Use a common ground node for power ground and a 

different one for analog ground to minimize the effects of ground noise. Connect these ground nodes at any place close to 

the ground pins of the IC.  
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Package Mechanical Data 

 

SYMBOLS  

MILLIMETERS  INCHES  

MIN.  MAX.  MIN.  MAX.  

A  0.70  0.80  0.028  0.031  

A1  0.00  0.05  0.000  0.002  

b  0.18  0.30  0.007  0.012  

E  2.90  3.10  0.114  0.122  

D  2.90  3.10  0.114  0.122  

D1  1.70  0.067  

E1  1.70  0.067  

e  0.50  0.020  

L  0.30  0.50  0.012  0.020  
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Attention 

1,Any and all APM Microelectronics products described or contained herein do not have specifications 

that can handle applications that require extremely high levels of reliability, such as life support systems, 

aircraft's control systems, or other applications whose failure can be reasonably expected to result in 

serious physical and/or material damage. Consult with your APM Microelectronics representative nearest 

you before using any APM Microelectronics products described or contained herein in such applications. 

2,APM Microelectronics assumes no responsibility for equipment failures that result from using products 

at values that exceed, even momentarily, rated values (such as maximum ratings, operating condition 

ranges, or other parameters) listed in products specifications of any and all APM Microelectronics 

products described or contained herein. 

3, Specifications of any and all APM Microelectronics products described or contained here instipulate the 

performance, characteristics, and functions of the described products in the independent state, and are 

not guarantees of the performance, characteristics, and functions of the described products as mounted 

in the customer’s products or equipment. To verify symptoms and states that cannot be evaluated in an 

independent device, the customer should always evaluate and test devices mounted in the customer’s 

products or equipment. 

4, APM Microelectronics Semiconductor CO., LTD. strives to supply high quality high reliability products. 

However, any and all semiconductor products fail with some probability. It is possible that these 

probabilistic failures could give rise to accidents or events that could endanger human lives that could 

give rise to smoke or fire, or that could cause damage to other property. When designing equipment, 

adopt safety measures so that these kinds of accidents or events cannot occur. Such measures include 

but are not limited to protective circuits and error prevention circuits for safe design, redundant 

design,and structural design. 

5,In the event that any or all APM Microelectronics products(including technical data, services) described 

or contained herein are controlled under any of applicable local export control laws and regulations, such 

products must not be exported without obtaining the export license from the authorities concerned in 

accordance with the above law. 

6, No part of this publication may be reproduced or transmitted in any form or by any means,electronic or 

mechanical, including photocopying and recording, or any information storage or retrieval system, or 

otherwise, without the prior written permission of APM Microelectronics Semiconductor CO., LTD. 

7, Information (including circuit diagrams and circuit parameters) herein is for example only; it is not 

guaranteed for volume production. APM Microelectronics believes information herein is accurate and 

reliable, but no guarantees are made or implied regarding its use or any infringements of intellectual 

property rights or other rights of third parties. 

8, Any and all information described or contained herein are subject to change without notice due to 

product/technology improvement,etc. When designing equipment, refer to the "Delivery Specification" for 

the APM Microelectronics product that you Intend to use. 


