essiomidl | \(2)5145/46-Q1 DC-DC Controller Design Tool

I - input Box TERMS OF USE
Step 1: Operating Specifications L5146 N
Input Voltage in, Vingmin) 46V Ruyvi
Input Voltage — Nom, Viy(om) 43V 00/
Input Voltage — Max, Viy(max 50 V
Output Voltage, Voyur 24V Vout L ,J_\ Vv,
Maximum Output Current, loyr 16 A = 1Y
Free-running Switching Frequency, Fgy 255 kHz 20 D 48v
SYNC Frequency (if used), Fswsywe 255 kHz Re; Reg: 46V to 50V
Frequency Set Resistor, Rgr 39.2 kQ 162Q 18kQ
Step 2: Filter Inductor Cea s (;Cs‘ F
Recommended Filter Inductance 8.8 uH waF—L XL e Lo
Inductance, Lo 10 uH Ve
Inductor DCR 16.5 mQ %
Pk-to-Pk Ripple Current at Viyom, Al 4.8 Aekpk LM5146 10pH
Inductor Ripple Current as a % of Max loyr 30 % Resz 6.50
Estimate Core Loss at Viyom 0.2 W 0.619kQ L ¢,
Step 3: Rpg(on) OF Shunt-Based Current Limit 94 x 4.7F 48 x 10pF
RDS (on) sensing¥
Required Current Limit Setpoint 30A —— D
Current Limit Set Resistor, Ry 453 Q = GND
Min Inductor Sat Current, I st 38.4 A
Step 4: Output Capacitance PG Q Rim
Output Voltage Ripple Specification 200 MVpy.py Ciim I 4530
Minimum Ideal Output Capacitance 12 yF 12pF
Total Output Capacitance (Derated), Coyr 480 pF =
Maximum Permitted ESR 42 mQ
Output Capacitor ESR 37 mQ
Resulting Output Voltage Ripple 176 MVeicpi
| Output Capacitor Ripple Current 1.4 Amus |
Step 5: Input Capacitance
Input Voltage Ripple Specification 480 MVpypx
Minimum Ideal Input Capacitance 33 pF
Total Input Capacitance (Derated), C,y 440 pF
Maximum Permitted ESR 24 mQ
Input Capacitor ESR 3mQ Bode Plot = Loop Gain == Loop Phase
Resulting Input Voltage Ripple 91 MVpy ek
Input Capacitor Ripple Current 8.0 Arus 40 0
"]
|Step 6: Soft-start, UVLO 30
Soft-Start Time, tsg 4ms
Soft-Start Capacitance, Csg 47 nF
Input Voltage UVLO Turn-On 15V 20 45
Input Voltage UVLO Turn-Off 14V
UVLO Upper Resistor, Ryy; 100 kQ -
UVLO Lower Resistor, R:vz 8.66 kQ _. 10f= N ~ -
If the SYNC feature is not required, connect SYNCIN to GND g 7& :
or VCC for diode emulation or FPWM modes, respectively B 0 \‘ 80 g
o Dest 8 \ p 5
Step 7: Compensation Design \. /' B
LC Complex Pole Frequency 2.3 kHz il LY ,’ \\ ar
ESR Zero Frequency 9 kAHz “ '/ \
Desired Crossover Frequency 36 - kHz -20 =T S E 135
Appropriate Midband Gain 1.05 VIV \ N
Upper Feedback Resistor, Reg, 18 kQ Crossover Frequency = 110 kHz N
Lower Feedback Resistor, Reg,  0.619 kQ -30 } b ~
Actual Output Voltage, Vour 24.063 V. Phase Margin = 87° ~]
- -40 I L | -180
Pole & Zero Placement Fz 25 < | kHz 1 10 100 1000
Baseline P/Z Frequencies: Fp Frequency (kHz)
Feq
Fez
Compensation Components
Calculated / Std Values Selected Actual P/Z Frequencies
Rey 189 191 191 kQ 2.5 kHz (Fz)) sy’
Ccy 3363 3300 3300 pF 4.9 kHz (Fz)
Ce, 67 68 68 pF 546 kHz (Fp;) W
R, 163 162 162 Q 125 kHz (Fp,)
Cc; 1826 1800 1800 pF
Efficiency / Power Loss Analyzer
Step 8: Efficiency V=V, — Efficiency == Inductor Copper & Core Loss
M Vin IN(nom) = = High-Side MOSFET Loss +sse Low-Side MOSFET Loss
High-Side MOSFET (Q,) Specifications TPH4R008NH 100 7
On-State Resistance, Rosin 33mQ 97.8% i 96.9%
Total Gate Charge, Qg 59 nC :
Gate-Drain Charge, Qgp 12 nC 95 3 6
Gate-Source Charge, Qgg 18 nC
Output Capacitance, Cosg 890 pF /
Gate Resistance, Rg 12Q 90 5
Transconductance, ggs 45s
Gate-Source Plateau Voltage, Vgsp) 3V :\: E
Body Diode Forward Voltage, Vgp, 08V =~ 85 4 .
Thermal Resistance, 6,, 55 °C/W E‘ rd §
o |
L N P ] 80 / / 3 ]
ow-Side MOSFET (Q,) Specifications TPH4R008NH i / =
On-State Resistance, Rosion 33mQ w £
Total Gate Charge, Qg 59 nC /
Output Charge, Qpss 12 nC ™ :
Output Capacitance, Coss. 890 pF
:::y glwde Forward Voltage, Vgp, 09V 70 p— 1
ly Diode Recovery Charge, Qg 50 nC /
Thermal Resi [N 40 °C/W —__.-z rmctsemerd
65 ]
0 3.2 6.4 9.6 128 16
Step 9: IC Power Loss
External VCC Appliw  IC Power Dissipation ~ 0.32 W Load Current (A)
I IC Junction Temperature Rise (est) 16.1 °C
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Timothy Hegarty
Welcome to the LM5145/6/-Q1 Design Tool
This stand-alone tool facilitates and assists the power supply engineer with design of a DC-DC buck regulator based on the LM5145/6/-Q1 synchronous buck controller. As such, the user can expeditiously arrive at an optimized design by virtue of the following:

- Determine buck inductance, input and output capacitances
- Select components for switching frequency, soft-start, UVLO, and OCP
- Optimize compensation values and pole/zero placement in terms of control loop stability using crossover frquency as a performance metric
- Inspect regulator efficiency and component power dissipation
- Analyze efficiency based on selected MOSFET parameters
- Review auto-generated schematic and BOM list


IMPORTANT: You must enable macros if Microsoft Excel asks as the file is being opened. U.S. English notation is used throughout. Also, set Windows zoom factor to 100% for correct schematic viewing.

www.ti.com/widevin

Rev. B1, March 2025, Timothy Hegarty, Texas Instruments, Inc.

Timothy Hegarty
Texas Instruments:

Limited Use Policy
You must treat this software and documentation like any other copyrighted material.
 
You may not:
- Copy documentation of the software
- Copy this software except to make archival or backup copies
- Reverse engineer, disassemble, decompile or make any attempt to discover the source code of the Software 
- Place the software onto a server so that it is accessible via a public network such as the internet 
- Sublicense, rent, lease or lend any portion of the software or documentation.

Texas Instruments is not responsible for the validity of any design created with this software and urges all designs to be fully tested and carefully verified. Refer to the LM(2)5145/6/-Q1 product datasheets and EVM user's guides for more details.

Rev. B1, Timothy Hegarty, Texas Instruments, Inc.

Timothy Hegarty
Minimum Input Voltage:
Enter the nominal input voltage.

The text in this cell is red if:
-The input voltage is above 42V (LM25145), 75V (LM5145) or 100V (LM5146)
-The input voltage is below 5.5V (LM5146) or 6V (LM25145, LM5145)
-The minimum PWM off-time of 140ns is reached

Timothy Hegarty
Nominal Input Voltage:
Enter the nominal input voltage.

The text in this cell is red if:
-The input voltage is above 42V (LM25145), 75V (LM5145) or 100V (LM5146)
-The input voltage is below 5.5V (LM5146) or 6V (LM25145, LM5145)

Timothy Hegarty
Maximum Input Voltage:
Enter the nominal input voltage.

The text in this cell is red if:
-The input voltage is above 42V (LM@5145), 75V (LM5145) or 100V (LM5146)
-The input voltage is below 5.5V (LM5146) or 6V (LM25145, LM5145)
-The minimum PWM on-time of 40ns is reached

Timothy Hegarty
Output Voltage:
Enter the desired output voltage.

The text in this cell is red if:
-The output voltage is above the nominal input voltage 
-The output voltage is below 0.8V
-The output voltage is above 42V (LM25145) and 60V (LM5145, LM5146)

Timothy Hegarty
Operating Frequency (set by RFADJ):
This cell defines the free running frequency set by the RRT resistor. 

The text in this cell is blue if:
-The SYNC frequency is not with -20% to +50% of the free-running frequency set by RRT.

The text in this cell is red if:
-The frequency is below 100 kHz
-The frequency is above 1 MHz


Timothy Hegarty
Operating SYNC Frequency:
This frequency sets the switching frequency the LM5146 should synchronize to. If SYNC is not used, the SYNCIN pin should be grounded for DCM or tied high (to VCC) for CCM, and the free-running frequency should be inserted here.

The text in this cell is blue if 
-The SYNC frequency is greater than 150% or less than 80% of the frequency set by RRT.

If the SYNC frequency is outside the applicable range, Fsw defaults in this tool to the free-running frequency value.

The text in this cell is red if:
- The frequency is below 100 kHz;
- The frequency is above 1 MHz;
- The frequency is not within -20% to +50% of the programmed frequency (set by the RRT resistor).

Timothy Hegarty
LF:
Enter the buck filter inductance here. Target inductor (peak-to-peak) ripple currrent is 25-45% of the DC full load current at nominal input voltage.

Timothy Hegarty
Inductor DCR:
Enter the inductor DC resistance here. This is typically specified in the inductor datasheet at 25°C copper temperature.

Timothy Hegarty
Core Loss:
Enter the estimated inductor AC loss at nominal input voltage.

Timothy Hegarty
RILIM:
This resistor is used to set the overcurrent protection. As such, the calculation takes the required current limit setpoint, the inductor ripple current amplitude and the MOSFET RDS(on) or shunt resistance to calculate RILIM.

Timothy Hegarty
Output Voltage Ripple:
Enter the desired maximum peak-to-peak output voltage ripple here. This will set the ideal output capacitance value.

The text in this cell is red if:
-The output voltage ripple is zero.

Timothy Hegarty
Output Capacitance:
Enter the output capacitance here based on the minimum calculated result. Make sure that the nominal capacitance is appropriately derated for applied voltage, particularly with ceramics.

The text in this cell is flagged red if:
-The chosen output capacitor is smaller than the minimum ideal capacitance.

Timothy Hegarty
Output Capacitor ESR:
Enter the output capacitor ESR here based on the maximum allowed output capacitor ESR to meet the voltage ripple specification.

The text in this cell will be red if:
-ESR is zero, or
-ESR exceeds maximum allowable ESR to meet the voltage ripple specification.

Timothy Hegarty
Input Voltage Ripple:
Enter the desired maximum peak-to-peak input voltage ripple here. This will set the ideal input capacitance requirement.

The text in this cell is red if:
-The input voltage ripple is zero.

Timothy Hegarty
Input Capacitance:
Enter the input capacitance here based on the minimum calculated result. Make sure that the nominal capacitance is appropriately derated for applied voltage.

The text in this cell is flagged red if:
-The chosen input capacitor is smaller than the minimum ideal capacitance.

Timothy Hegarty
Input Capacitor ESR:
Enter the input capacitor ESR here based on the maximum allowed input capacitor ESR to meet the ripple voltage specification.

The text in this cell will be red if:
-ESR is zero, or
-ESR exceeds maximum allowable ESR to meet the voltage ripple specification.


Timothy Hegarty
Soft-Start Time:
Enter the desired soft-start time here. 

Timothy Hegarty
Nominal UVLO Turn-On Input Voltage:
Enter the nominal input voltage at turn on.
The LM5146-Q1 input operating voltage range is 5.5V to 95V.

The text in this cell is red if:
-The input voltage is above 95V
-The input voltage is below 5.5V

Timothy Hegarty
Nominal UVLO Turn-Off Input Voltage:
Enter the nominal input voltage at turn off.
The LM5146-Q1 input operating voltage range is 5.5V to 95V.

The text in this cell is red if:
-The input voltage is above 90V
-The input voltage is below 5.5V

Timothy Hegarty
Crossover Frequency:
Enter the desired open loop crossover frequency (usually between 10% and 20% of switching frequency). The LM5146 design tool determines feedback compensation components based on this target performance metric.

Timothy Hegarty
RFB1:
This is the upper feedback resistor that sets the output voltage. A recommended starting value of RFB1 is 20kΩ.

Timothy Hegarty
FZ1:
FZ1 is the first zero of the compensator. By default, FZ1 is located near the complex double pole (FLC) associated with LF and COUT filter components. FZ1 can be changed by direct entry into the FZ1 cell.

Timothy Hegarty
FZ2:
FZ2 is the second zero of the compensator. By default, FZ2  is located near the LC resonant frequency (FLC) caused by LF and COUT filter components.  FZ2 can be changed by direct entry into the FZ2 cell.

Timothy Hegarty
FP1:
FP1 is the first pole of the compensator. By default, FP1 is located at the zero (FESR) caused by the output capacitance (COUT) and its associated ESR. FP1 can be changed by direct entry into the FP1 cell.

Timothy Hegarty
FP2:
FP2 is the second pole of the compensator. By default, FP2 is located at FSW/2. FP2 can be changed by direct entry into the FP2 cell.

BDATSC
On-State Resistance (RDS(on)):
Enter the RDS(on) of the high-side MOSFET here (VGS = 7.5V).
High current designs (>10A) will incur large conduction losses and, as such, demand MOSFETs with low RDS(on) usually at the expense of larger QG.
MOSFET RDS(ON) has a positive temperature coefficient (resistance increases with increasing temperature). This temperature coefficient is accounted for in the efficiency and power dissipation calculations.

BDATSC
Total Gate Charge (Qg):
Enter the total gate charge of the high-side MOSFET here.

BDATSC
Gate-Drain Charge (QGD):
Enter the QGD of the high-side MOSFET here.
MOSFET QGD will affect the turn-on and-off transition times. Slow transition times will result in a decrease in efficiency, especially at higher input voltages.

BDATSC
Gate-Source Charge (QGS):
Enter the gate-source charge here. 

BDATSC
Output Charge (QOSS):
Enter the output capacitance of the high-side MOSFET at the relevant input voltage here. 

BDATSC
Gate Resistance (RG):
Enter the high-side MOSFET gate resistance here. 

BDATSC
Forward Transconductance (gFS):
Enter the forward transconductance rating of the high-side MOSFET here.

BDATSC
Gate to Source Threshold Voltage (VGS(TH)):
Enter the MOSFET gate-source threshold voltage at rated current here. This can be taken as the plateau voltage in the VGS-QG curve in the MOSFET datasheet.


BDATSC
Body Diode Forward Voltage (Vbd1):
A MOSFET has an inherent reverse body diode, and the voltage drop usually is specified at a rated current. The high-side MOSFET body diode contributes power loss during negative current events.

BDATSC
θJA:
θJA is the junction-to-ambient thermal resistance of the MOSFET. Higher θJA will lead to higher power loss and reduced efficiency. High current designs demand low θJA rating to help maintain low MOSFET operating junction temperature. What's imperative here is consciencious PCB design and layout to maximize heat removal from the MOSFET.

BDATSC
MOSFET On-State Resistance (RDS(on)):
Enter the RDS(on) of the low-side MOSFET here (VGS = 7.5V).
High current designs (>10A) can incur large conduction losses and, as such, demand MOSFETs with low RDS(on) – usually at the expense of larger QG. MOSFET RDS(on) temperature coefficient is accounted for in the efficiency and power dissipation calculations.  

BDATSC
Total Gate Charge (QG):
Enter the total gate charge of the low-side MOSFET here.

BDATSC
Output Charge (QOSS):
Enter the output charge of the low-side MOSFET at the relevant input voltage here. 

BDATSC
Output Charge (QOSS):
Enter the MOSFET's output capacitance at the relevant input voltage here. 

BDATSC
Body Diode Voltage (Vsd):
The low-side MOSFET body diode can contribute substantial power loss related to (1) body diode conduction drop during the deadtime, and (2) diode reverse recovery current.

BDATSC
Body Diode Recovery Charge (QRR):
Enter the reverse recovery charge of the low-side MOSFET body diode here. 

BDATSC
θJA:
θJA is the junction-to-ambient thermal resistance of the MOSFET. Higher θJA will lead to higher power loss and reduced efficiency. High current designs demand low θJA rating to help maintain low MOSFET operating junction temperature. What's imperative here is consciencious PCB design and layout to maximize heat removal from the MOSFET.

Hegarty, Timothy
IC Power Loss:
IC power loss estimate based on nominal input voltage and MOSFET gate drive requirements.

Hegarty, Timothy
IC Junction Temperature Rise:
IC junction temperature based on power loss estimate.
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VIN = 48V, VOUT = 24V, IOUT = 16A, Fsw = 255kHz, Current Limit = 30A
Wide V,,, High Efficiency Synchronous Buck Regulator BOM

(o 11]1 Ref Des Description Part Number
1 Cgoot 0.1pF Capacitor, Ceramic, 0.1uF, 25V, X7R, 20% 0603 v Std Std
1 Cei 3300pF Capacitor, Ceramic, 3300pF, 16V, X7R, 10% 0402 A 4 Std Std
1 Ceo 68pF Capacitor, Ceramic, 68pF, 50V, NP0, 5% 0402 v Std Std
1 Ces 1800pF Capacitor, Ceramic, 1800pF, 50V, NP0, 5% 0402 A 4 Std Std
1 Cg 12pF Capacitor, Ceramic, 12pF, 100V, X7R, 20% 0603 v Std Std
44 Cin 4.7uF Capacitor, Ceramic, 4.7uF, 100V, X7S, 10% 1210 A 4 Std Std
48 Cout 10pF Capacitor, Ceramic, 10uF, 50V, X7R, 10% 1210 A 4 Std Std
1 Css 47nF Capacitor, Ceramic, 47nF, 16V, X7R, 10% 0603 v Std Std
1 Cvce 2.2uF Capacitor, Ceramic, 2.2uF, 25V, X7R, 20% {0805 v Std Std
1 Cuin 0.1uF Capacitor, Ceramic, 0.1uF, 50V, X7R, 20% 0603 v Std Std
1 Lo 10uH Inductor, 10uH, 16.5mQ, >39A {10mm x 10mm W Various Various
1 Q See description |MOSFET, N-CH, 80V/100V, 3.3mQ Quantity: 1 w SON 5 x 6 ¥ |TPH4R008NH TI
1 Q, See description |MOSFET, N-CH, 80V/100V, 3.3mQ Quantity: 1 W SON5 x 6 ¥ | TPH4R008NH TI
1 Re¢4 19.1k Resistor, Chip, 19.1kQ, 1/16W, 1% |0402 v Std Std
1 Rcs 162 Resistor, Chip, 162Q, 1/16W, 1% [0402 v Std Std
1 Riim 453 Resistor, Chip, 453Q, 1/16W, 1% 0805 v Std Std
1 Rgr 39.2k Resistor, Chip, 39.2kQ, 1/16W, 1% [0402 v Std Std
1 Reg1 18k Resistor, Chip, 18kQ, 1/16W, 1% 0402 v Std Std
1 Reg, 0.619k Resistor, Chip, 0.619kQ, 1/16W, 1% 0402 v Std Std
1 Rpoop 20k Resistor, Chip, 20kQ, 1/16W, 1% 0402 v Std Std
1 Ryvi 100k Resistor, Chip, 100kQ, 1/16W, 1% 0603 v Std Std
1 Ruvo 8.66k Resistor, Chip, 8.66kQ, 1/16W, 1% 0402 v Std Std
1 Ry 2.2 Resistor, Chip, 2.2Q, 1/16W, 1% 0402 v Std Std
1 (VA LM5146 IC, LM5146 PWM Controller, 5.5V-100V Input VQFN-20 LM5146RGYR TI
Total Solution Size (1
NOTES:

** Inductor saturation current should be higher than the current limit setpoint at all operating temperatures **
** Effective output capacitance should be appropriately derated for applied voltage and temperature, particularly with ceramics **



LM(2)5145/6/-Q1 Quickstart Calculator
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