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Pin Description (Continued) 

Pin Number Pin Name Pin Description 

10, 11, 22, 23, 
26 

(26 is ePad) 
PGND 

Power Ground. These pins are connected to the source of the low-side MOSFET. They are the 
return path for the step-down regulator power stage and should be tied together. The negative 
terminal of the input decoupling capacitor should be placed as close as possible to these pins. 

12, 21, 27 

(27 is ePad) 
SW 

Switch Node. The SW pins are the internal power switch outputs. These pins should be tied 
together and connected to the output inductor.  

13 AGND 
Analog Ground. The analog ground for VDD and the control circuitry. The analog ground return path 
should be separate from the power ground (PGND) return path.  

14 FB 
Feedback Inout. The FB pin sets the regulated output voltage relative to the internal reference. This 
pin is connected to a resistor divider from the regulated output such that the FB pin is at 0.8V when 
the output is at the desired voltage. 

15 PGOOD 
The power good output is an open drain output requiring an external pull-up resistor to external bias. 
This pin is a high impedance open circuit when the voltage at FB pin is higher than 90% of the 
feedback reference voltage (typically 0.8V). 

16 EN 
Enable Input. The EN pin enables the regulator. When the pin is pulled below the threshold, the 
regulator will shut-down to an ultra-low current state. A precise threshold voltage allows the pin to 
operate as an accurate UVLO. Do not tie EN to VDD 

17 VIN 
Supply voltage for the internal LDO. The VIN operating voltage range is from 4.6V to 60V. A 
ceramic capacitor from VIN to AGND is required for decoupling. The decoupling capacitor should be 
placed as close as possible to the supply pin. 

18 ILIM 
Currrent Limit Setting. Connect a resistor from this pin to the SW pin node to allow for accurate 
current limit sensing programming of the internal low-side power MOSFET. 

19 VDD 
Internal +5V Linear Regulator:  VDD is the internal supply bus for the IC.  Connect to an external 
1µF bypass capacitor. When VIN is <5.5V, this regulator operates in drop-out mode. Connect VDD 
to VIN. 

20 PVDD 
A 5V supply input for the low-side N-channel MOSFET driver circuit, which can be tied to VDD 
externally. A 1μF ceramic capacitor from PVDD to PGND is recommended for decoupling.  

24 FREQ 
Switching Frequency Adjust pin. Connect this pin to VIN to operate at 680kHz. Place a resistor 
divider network from VIN to the FREQ pin to program the switching frequency. 
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Absolute Maximum Ratings(2) 
PVIN, VIN to PGND ........................................ 0.3V to 65V 
VDD, PVDD to PGND ................................ ……0.3V to 6V 
VBST to VSW, VLX ........ …………………..…………0.3V to 6V 
VBST to PGND  …………………..…………0.3V to (VIN +6V) 
VSW, to PGND ... ………………………...-0.3V to (VIN +0.3V) 
VLX, VFB, VPG, VFREQ, VILIM, VEN to AGND  
 ……………………. ....................  -0.3V to (VDD+ +0.3V) 
PGND to AGND ………………......................-0.3V to +0.3V 
Junction Temperature (TJ) ....................................... +150C 
Storage Temperature (TS) ......................... 65C to 150C 
Lead Temperature (soldering, 10s) ............................ 300C 
ESD HBM Rating(4) ...................................................... 1.5kV 
ESD MM Rating(4) ......................................................... 150V 

Operating Ratings(3) 
Supply Voltage (PVIN, VIN) .............................. 4.6V to 60V 
Enable Input (VEN) ................................................. 0V to VIN 

VSW, VFEQ, VILIM, VEN ....................................................................... 0V to VIN 

Junction Temperature (TJ) ........................ 40C to 125C 
Junction Thermal Resistance  

3mm × 4mm FCQFN-24 (θJA) ............................ 30°C/W 
 

 

 

 

 

 
 
 

Electrical Characteristics(5)  
VIN = 12V; TA = 25°C, unless noted. Bold values indicate 40°C ≤ TJ ≤ +125°C. 

Parameter Condition Min. Typ. Max. Units 

Power Supply Input 

Input Voltage Range (PVIN, VIN)   4.6  60 V 

Quiescent Supply Current 
VFB = 1.5V (MIC28511-1)  0.4 0.75 

mA 
VFB = 1.5V (MIC28511-2)  0.7 1.5 

Shutdown Supply Current  SW = unconnected, VEN = 0V  0.1 10 µA 

VDD Supply 

VDD Output Voltage VIN = 7V to 60V, IVDD = 10mA 4.8 5.2 5.4 V 

VDD UVLO Threshold VVDD rising 3.8 4.2 4.6 V 

VDD UVLO Hysteresis   400  mV 

Load Regulation @40mA  0.6 2 4.0 % 

Reference 

Feedback Reference Voltage 
0°C ≤ TJ ≤ 85°C (±1.0%) 0.792 0.8 0.808 

V 
40°C ≤ TJ ≤ 125°C (±2%) 0.784 0.8 0.816 

FB Bias Current VFB = 0.8V  5 500 nA 

Enable Control 

EN Logic Level High  1.8   V 

EN Logic Level Low    0.6 V 

EN Hysteresis   200  mV 

EN Bias Current VEN = 12V  5 40 µA 

Notes: 

2. Exceeding the absolute maximum ratings may damage the device. 

3. The device is not guaranteed to function outside its operating ratings. 

4. Devices are ESD sensitive. Handling precautions are recommended. Human body model, 1.5kΩ in series with 100pF. 

5. Specification for packaged product only. 
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Electrical Characteristics(5) (Continued) 
VIN = 12V; TA = 25°C, unless noted. Bold values indicate 40°C ≤ TJ ≤ +125°C. 

Parameter Condition Min. Typ. Max. Units 

Oscillator 

Switching Frequency  
VFREQ = VIN  450 680 800 

kHz 
VFREQ = 50%VIN   340  

Maximum Duty Cycle    85  % 

Minimum Duty Cycle VFB>0.8V  0  % 

Minimum Off-time  110 200 270 ns 

Internal MOSFETs 

High-Side NMOS On-Resistance   51  m 

Low-Side NMOS On-Resistance   28  m 

Short-Circuit Protection 

Current-Limit Threshold VFB = 0.79V 30 14 0 mV 

Short-Circuit Threshold VFB = 0V 24 7 8 mV 

Current-Limit Source Current VFB = 0.79V 50 70 90 µA 

Short-Circuit Source Current  VFB = 0V 25 36 43 µA 

Leakage 

SW, BST Leakage Current    50 µA 

Power Good (PGOOD) 

PGOOD Threshold Voltage Sweep VFB from low-to-high 85 90 95 %VOUT 

PGOOD Hysteresis Sweep VFB from low-to-high  6  %VOUT 

PGOOD Delay Time Sweep VFB from low-to-high  100  µs 

PGOOD Low Voltage VFB < 90% × VNOM, IPGOOD  = 1mA  70 200 mV 

Thermal Protection 

Overtemperature Shutdown TJ Rising  160  °C 

Overtemperature Shutdown 
Hysteresis 

  15  °C 

Soft Start 

Soft-Start Time   5  ms 
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Typical Characteristics 
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Typical Characteristics (Continued) 
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Typical Characteristics (Continued) 
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MOSFET Gate Drive 

The Functional Diagram shows a bootstrap circuit, 
consisting of DBST, CBST and RBST. This circuit supplies 
energy to the high-side drive circuit. Capacitor CBST is 
charged, while the low-side MOSFET is on, and the 
voltage on the SW pin is approximately 0V. When the 
high-side MOSFET driver is turned on, energy from CBST 
is used to turn the MOSFET on. As the high-side 
MOSFET turns on, the voltage on the SW pin increases 
to approximately VIN. Diode DBST is reverse biased and 
CBST floats high while continuing to bias the high-side 
gate driver. The bias current of the high-side driver is less 
than 10mA so a 0.1μF to 1μF is sufficient to hold the gate 
voltage with minimal droop for the power stroke (high-
side switching) cycle, i.e. ∆BST = 10mA x 1.25μs/0.1μF = 
125mV. When the low-side MOSFET is turned back on, 
CBST is then recharged through the boost diode. A 30Ω 
resistor RBST, which is in series with BST pin, is required 
to slow down the turn-on time of the high-side N-channel 
MOSFET. 
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Inductor Selection 

Values for inductance, peak, and RMS currents are 
required to select the output inductor. The input and 
output voltages and the inductance value determine the 
peak-to-peak inductor ripple current. Generally, higher 
inductance values are used with higher input voltages. 
Larger peak-to-peak ripple currents will increase the 
power dissipation in the inductor and MOSFETs. Larger 
output ripple currents will also require more output 
capacitance to smooth out the larger ripple current. 
Smaller peak-to-peak ripple currents require a larger 
inductance value and therefore a larger and more 
expensive inductor. A good compromise between size, 
loss and cost is to set the inductor ripple current to be 
equal to 20% of the maximum output current. The 
inductance value is calculated by: 

 

 
SW)PP(L)MAX(IN

OUT)MAX(INOUT

fIV

VVV
L




  Eq. 8 

 

Where: 

fSW = Switching frequency. 

L(PP) = The peak-to-peak inductor current ripple, 
typically 20% of the maximum output current. 

In the continuous conduction mode, the peak inductor 
current is equal to the average output current plus one 
half of the peak-to-peak inductor current ripple. 

 

)PP(LOUT)PK(L I5.0II                             Eq. 9 

 

The RMS inductor current is used to calculate the I2R 
losses in the inductor. 

 

2
)PP(L

2

)MAX(OUT
2

)RMS(L
I

I
II


  Eq. 10 

 

Maximizing efficiency requires the proper selection of 
core material and minimizing the winding resistance. The 
high frequency operation of the MIC28511 requires the 
use of ferrite materials for all but the most cost sensitive 
applications. Lower cost iron powder cores may be used 
but the increase in core loss will reduce the efficiency of 
the power supply. This is especially noticeable at low 
output power. The winding resistance decreases 
efficiency at the higher output current levels.  

 

 

The winding resistance must be minimized although this 
usually comes at the expense of a larger inductor. The 
power dissipated in the inductor is equal to the sum of the 
core and copper losses. At higher output loads, the core 
losses are usually insignificant and can be ignored. At 
lower output currents, the core losses can be a significant 
contributor. Core loss information is usually available 
from the magnetics vendor. Copper loss in the inductor is 
calculated by Equation 11: 

 

PL(Cu) = IL(RMS)
2 × DCR   Eq. 11 

 

The resistance of the copper wire, DCR, increases with 
the temperature. The value of the winding resistance 
used should be at the operating temperature. 

 

DCR(HT) = DCR20C × (1 + 0.0042 × (TH  T20C))     Eq. 12 

 

Where: 

TH = Temperature of wire under full load. 

T20°C = Ambient temperature. 

DCR(20°C) = Room temperature winding resistance 
(usually specified by the manufacturer). 

Output Capacitor Selection  

The type of the output capacitor is usually determined by 
its equivalent series resistance (ESR). Voltage and RMS 
current capability are also important factors in selecting 
an output capacitor. Recommended capacitor types are 
ceramic, tantalum, low-ESR aluminum electrolytic, OS-
CON and POSCAP. For high ESR electrolytic capacitors, 
ESR is the main cause of the output ripple. The output 
capacitor ESR also affects the control loop from a 
stability point of view. For a low ESR ceramic output 
capacitor, ripple is dominated by the reactive impedance.   

The maximum value of ESR is calculated: 

 

)PP(L

)PP(OUT
COUT I

V
ESR




  Eq. 13 

 

Where: 

ΔVOUT(pp) = peak-to-peak output voltage ripple 

∆IL(PP) = peak-to-peak inductor current ripple 
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The total output ripple is a combination of the ESR and 
output capacitance. The total ripple is calculated by 
Equation 14: 

 

 2COUT)PP(L
SWOUT

)PP(L
)PP(OUT ESRI

8fC

I2
V 












  

   Eq. 14 

 

Where: 

D = Duty cycle. 

COUT = Output capacitance value. 

fSW = Switching frequency. 

 

As described in the “Theory of Operation” section in the 
Functional Characteristics section, the MIC28511 
requires at least 20mV peak-to-peak ripple at the FB pin 
for the gm amplifier and the error comparator to operate 
properly. Also, the ripple on FB pin should be in phase 
with the inductor current. Therefore, the output voltage 
ripple caused by the output capacitors value should be 
much smaller than the ripple caused by the output 
capacitor ESR. If low-ESR capacitors, such as ceramic 
capacitors, are selected as the output capacitors, a ripple 
injection method should be applied to provide the enough 
feedback voltage ripple. Please refer to the “Ripple 
Injection” section for more details. 

The voltage rating of the capacitor should be twice the 
output voltage for a tantalum and 20% greater for 
aluminum electrolytic or OS-CON. The output capacitor 
RMS current is calculated by Equation 15: 

 

12

I
I )PP(L

)RMS(COUT


   Eq. 15 

 

The power dissipated in the output capacitor is: 

 

COUT)RMS(COUT
2

)COUT(DISS ESRIP    Eq. 16 

Input Capacitor Selection 

The input capacitor for the power stage input VIN should 
be selected for ripple current rating and voltage rating. 
Tantalum input capacitors may fail when subjected to 
high inrush currents, caused by turning the input supply 
on. A tantalum input capacitor’s voltage rating should be 
at least two times the maximum input voltage to 
maximize reliability. Aluminum electrolytic, OS-CON, and 
multilayer polymer film capacitors can handle the higher 
inrush currents without voltage de-rating. The input 
voltage ripple will primarily depend on the input 
capacitor’s ESR. The peak input current is equal to the 
peak inductor current, so: 

 

CIN)PK(LIN ESRIV    Eq. 17 

 

The input capacitor must be rated for the input current 
ripple. The RMS value of input capacitor current is 
determined at the maximum output current. Assuming the 
peak-to-peak inductor current ripple is low: 

 

 D1DII )MAX(OUT)RMS(CIN   Eq. 18 

 

The power dissipated in the input capacitor is: 

 

CIN)RMS(CIN
2

)CIN(DISS ESRIP   Eq. 19 

Ripple Injection 

The VFB ripple required for proper operation of the 
MIC28511’s gm amplifier and error comparator is 20mV to 
100mV. However, the output voltage ripple is generally 
designed as 1% to 2% of the output voltage. If the 
feedback voltage ripple is so small that the gm amplifier 
and error comparator can’t sense it, then the MIC28511 
will lose control and the output voltage is not regulated. In 
order to have some amount of VFB ripple, a ripple 
injection method is applied for low output voltage ripple 
applications. 
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In Equations 23 and 25, it is assumed that the time 
constant associated with CFF must be much greater than 
the switching period: 

 

1
T

f

1

SW






 Eq. 25 

 

If the voltage divider resistors R1 and R2 are in the k 
range, a CFF of 1nF to 100nF can easily satisfy the large 
time constant requirements. Also, a 100nF injection 
capacitor CINJ is used in order to be considered as short 
for a wide range of the frequencies. 

The process of sizing the ripple injection resistor and 
capacitors is: 

Step 1. Select CFF to feed all output ripples into the 
feedback pin and make sure the large time constant 
assumption is satisfied. Typical choice of CFF is 1nF to 
100nF if R1 and R2 are in kΩ range. 

Step 2. Select RINJ according to the expected feedback 
voltage ripple using Equation 26: 

 

D)(1D

f

V

∆V
K SW

IN

FB(pp)
DIV -


  Eq. 26 

 

Then the value of RINJ is obtained as: 

 

1)
K

1
((R1//R2)R

DIV
INJ   Eq. 27 

 

Step 3. Select CINJ as 100nF, which could be considered 
as short for a wide range of the frequencies. 
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PCB Layout Guidelines 
Warning: To minimize EMI and output noise, follow 
these layout recommendations. 

PCB Layout is critical to achieve reliable, stable and 
efficient performance. A ground plane is required to 
control EMI and minimize the inductance in power, signal 
and return paths. 

Figure 11 is optimized from small form factor point of 
view shows top and bottom layer of a four-layer PCB. It is 
recommended to use Mid-Layer 1 as a continuous 
ground plane. 

 

 

Figure 11. Top and Bottom Layer of a Four-Layer Board 
 

The following guidelines should be followed to insure 
proper operation of the MIC28511 converter: 

IC 

 The analog ground pin (AGND) must be connected 
directly to the ground planes. Do not route the AGND 
pin to the PGND pin on the top layer. 

 Place the IC close to the point of load (POL).  

 Use copper planes to route the input and output 
power lines. 

 Analog and power grounds should be kept separate 
and connected at only one location. 

 

Input Capacitor 

 Place the input capacitors on the same side of the 
board and as close to the PVIN and PGND pins as 
possible. 

 Place several vias to the ground plane close to the 
input capacitor ground terminal. 

 Use either X7R or X5R dielectric input capacitors. Do 
not use Y5V or Z5U type capacitors. 

 Do not replace the ceramic input capacitor with any 
other type of capacitor. Any type of capacitor can be 
placed in parallel with the input capacitor. 

 If a Tantalum input capacitor is placed in parallel with 
the input capacitor, it must be recommended for 
switching regulator applications and the operating 
voltage must be derated by 50%. 

 In “Hot-Plug” applications, a Tantalum or Electrolytic 
bypass capacitor must be used to limit the over-
voltage spike seen on the input supply with power is 
suddenly applied.  

SW Node 

 Do not route any digital lines underneath or close to 
the SW node.  

 Keep the switch node (SW) away from the feedback 
(FB) pin. 

Output Capacitor 

 Use a copper island to connect the output capacitor 
ground terminal to the input capacitor ground 
terminal. 

 Phase margin will change as the output capacitor 
value and ESR changes. Contact the factory if the 
output capacitor is different from what is shown in the 
BOM. 

 The feedback trace should be separate from the 
power trace and connected as close as possible to 
the output capacitor. Sensing a long high-current load 
trace can degrade the DC load regulation. 
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Thermal Measurements 

Measuring the IC’s case temperature is recommended to 
insure it is within its operating limits. Although this might 
seem like a very elementary task, it is easy to get 
erroneous results. The most common mistake is to use 
the standard thermal couple that comes with a thermal 
meter. This thermal couple wire gauge is large, typically 
22 gauge, and behaves like a heatsink, resulting in a 
lower case measurement. 

Two methods of temperature measurement are using a 
smaller thermal couple wire or an infrared thermometer. If 
a thermal couple wire is used, it must be constructed of 
36 gauge wire or higher then (smaller wire size) to 
minimize the wire heat-sinking effect. In addition, the 
thermal couple tip must be covered in either thermal 
grease or thermal glue to make sure that the thermal 
couple junction is making good contact with the case of 
the IC. Omega brand thermal couple (5SC-TT-K-36-36) is 
adequate for most applications.  

Wherever possible, an infrared thermometer is 
recommended. The measurement spot size of most 
infrared thermometers is too large for an accurate 
reading on a small form factor ICs. However, a IR 
thermometer from Optris has a 1mm spot size, which 
makes it a good choice for measuring the hottest point on 
the case. An optional stand makes it easy to hold the 
beam on the IC for long periods of time. 
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Bill of Materials (Continued) 

Item Part Number Manufacturer Description Qty. 

C14, C15 GRM32ER71A476KE15L Murata 47µF/10V, X7R, Size 1210 Ceramic Capacitor 2 

C18     Open NA 

C19   Open NA 

C20   Open NA 

C21 C1608NP02A270J080AA TDK 27pF 100V, NPO, Size 0603 Ceramic Capacitor 1 

D1 BAT46W-TP MCC(11) 100V Small Signal Schottky Diode, SOD123 1 

D3   Open NA 

J1, J7, J8, J10, J11, 
J12, J16, J17, J18 

77311-118-02LF FCI(12) CONN HEADER 2POS VERT T/H 9 

L1 XAL7030-682MED Coilcraft(13) 6.8µH, 10.7A sat current 1 

R1 CRCW060310K0FKEA Vishay Dale(14) 10.0kΩ, Size 0603, 1% Resistor 1 

R2     Open NA 

R9     Open  NA 

R10 CRCW06033K24FKEA Vishay Dale 3.24kΩ, Size 0603, 1% Resistor 1 

R11 CRCW06031K91FKEA Vishay Dale 1.91kΩ, Size 0603, 1% Resistor 1 

R14, R15 CRCW06030000FKEA Vishay Dale 0.0 Ω, Size 0603, Resistor Jumper 2 

R26    Open NA 

R16, R17, R19, R3 CRCW0603100K0FKEA Vishay Dale 100kΩ, Size 0603, 1% Resistor 4 

R25    Open NA 

R18  CRCW06031K00JNEA Vishay Dale 1.0kΩ, Size 0603, 5% Resistor 1 

R20, R21 CRCW060349R9FKEA Vishay Dale 49.9Ω, Size 0603, 1% Resistor 2 

R22  CRCW06031K74FKEA Vishay Dale 1.74kΩ, Size 0603, 1% Resistor 1 

R23 CRCW08051R21FKEA Vishay Dale 1.21Ω, Size 0805, 1% Resistor 1 

R24 CRCW060310R0FKEA Vishay Dale 10.0Ω, Size 0603, 1% Resistor 1 

TP1  TP2     Open   

TP7  TP14 77311-118-02LF FCI CONN HEADER 2POS VERT T/H 1 

TP8  TP13 77311-118-02LF FCI CONN HEADER 2POS VERT T/H 1 

TP17  TP18 77311-118-02LF FCI CONN HEADER 2POS VERT T/H 1 

TP9, TP10, TP11, 
TP12 

1502 
Keystone  

Electronics(15) 
Testpoint Turret, .090 4 

U1 
MIC28511-1YFL 

Micrel. Inc.(16) 60VIN, 3A Synchronous Buck Regulator 1 
MIC28511-2YFL 

Notes:  

11. MCC: www.mccsemi.com. 

12. FCI: www.fciconnect.com.  

13. Coilcraft: www.coilcraft.com. 

14. Vishay Dale: www.vishay.com. 

15. Keystone Electronics: www.keystone.com.  

16. Micrel Inc.: www.micrel.com.  
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MIC2851X Evaluation Board Layout 
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MIC2851X Evaluation Board Layout (Continued) 
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