e oiened | N5146-Q1 DC-DC Con

I - 1nput Box TERMS OF USE

Step 1: Operating Specifications

Input Voltage — Min, Viymin 46 V
Input Voltage — Nom, Viymom) 50 V
Input Voltage — Max, Viymaa 54 V
Output Voltage, Vour 24 v R, R,
Maximum Output Current, loyr 24 A o o

Free-running Switching Frequency, Fsy 250 kHz 22.1kQ 1000kQ

SYNC Frequency (if used), Fsw.sync 250 kHz w
Frequency Set Resistor, Rgr 40.2 kQ Vour = Vin
50V
! 1 20 0
Step 2: Filter Inductor Re, 5 L L 46V to 54V
Recommended Filter Inductance 6.2 uH 442Q 2;:;1 EN/UVLO VIN
Inductance, L¢ 6.8 uH —
Inductor DCR 12 mQ Ces Rai  Ca
Pk-to-Pk Ripple Current at Viggom, Al 7.5 Agipk 1200pF 137k 270F
Inductor Ripple Current as a % of Max loyr 31 % Le v
™M ‘our
Step 3: Rps(on) OF Shunt-Based Current Limit LM5146-Q1 6.8H E‘V
Shunt sensing A Shunt, Rs 2 mQ Regs 12mQ 247
Required Current Limit Setpoint 24 A 0.866kQ L_ Cy —— Cour
Current Limit Set Resistor, Ry 402 Q B 22 x 4.7uF T
Min Inductor Sat Current, lysary ~ 33.6 A it 10 x 10uF
Power Loss In Rs at Full Load, Max Viy ~ 0.36 W
Step 4: Output Capacitance GND
Output Voltage Ripple Specification 100 MVyyok
Minimum Ideal Output Capacitance 37 uF
Total Output Capacitance (Derated), Coyr 100 pF
Maximum Permitted ESR 12 mQ
Output Capacitor ESR 5 mQ
Resulting Output Voltage Ripple 53 MVppk
Output Capacitor Ripple Current 2.2 A (rms)

Step 5: Input Capacitance
Input Voltage Ripple Specification 500 MVpkok

Minimum Ideal Input Capacitance 48 uF
Total Input Capacitance (Derated), Cy 100 pF
Maximum Permitted ESR 9 mQ
Input Capacitor ESR 1 mQ
Resulting Input Voltage Ripple 268 MVpipk B Od e PI ot ——Loop Gain === 0op Phase
Input Capacitor Ripple Current 12.0 A (rms)
40 0
Step 6: Soft-start, UVLO |
Soft-Start Time, tss 4 ms 30 I~ Fz L Pquble Pole
Soft-Start Capacitance, Css 47 nF \_ —ﬁ 2 Fz
Input Voltage UVLO Turn-On 56 V R \‘ \
Input Voltage UVLO_ Turn-Off 46 V 20 - \ -45
UVLO Upper Resistor, Ryy; 1000 kQ r \
UVLO Lower Resistor, Ry, 22.1 kQ Prig \
If the SYNC feature is not required, connect SYNCIN to GND = 10 p= >
or VCC for DCM or CCM operation, respectively ) \ o
£ 0 4 o0
Step 7: Compensation Design (U] \ £
LC Complex Pole Frequency 6.1 kHz 10 \
ESR Zero Frequency 318 lin \ 52°
Desired Crossover Frequency 50 = kHz A Ny -
Appropriate Midband Gain 0.54 VIV -20 n -135
Upper Feedback Resistor, Reg; 25 kQ
Lower Feedback Resistor, Reg,  0.866 kQ Crossover Frequency = 52 kHz
Actual Output Voltage, Voyr 23.895 V -30 i i i
Phase Margin = 52°
Pole & Zero Placement Fz1 43 kHz -40 L L L -180
Baseline P/Z Frequencies: Fz 55 . kHz 1 10 1000
Fey 318 & KHz Frequency (kHz)
Fpp 125 3 kHz
Compensation Components
Calculated / Std Values Selected Actual P/Z Frequencies
Re: 186 137 137 kQ 4.3 kHz (Fz1) Yide Inpuy
Cey 2728 2700 2700 pF 5.2 kHz (Fz,)
Ce 97 100 82 pF 300 kHz (Fpy)
Re, 441 442 442 Q 146 kHz (Fp)
Cc3 1135 1200 1200 pF ** Specify Inductor Core Loss ** 04 W
iency / Power Loss Analyzer
Step 8: Efficiency V. =V e Efficiency == = |nductor Copper & Core Loss
T Vin IN(nom) = =« High-Side MOSFET Loss ++++ Low-Side MOSFET Loss
High-Side MOSFET (Q,) Specifications CSD19533Q5AT 100 18
On-State Resistance, Rps(on) 7.8 mQ 97, 95.3%
Total Gate Charge, Qg 27 nC /-—7 16
Gate-Drain Charge, Qgp 4.9 nC 95 7
Gate-Source Charge, Qgs 7.9 nC / 14
Output Capacitance, Coss. 395 pF
Gate Resistance, Rg 12 Q 90 /
Transconductance, ges 63 S — / 12
Gate-Source Threshold Voltage, Vs 28V § §
Body Diode Forward Voltage, Vgp; 08V >, 85 10 e
Thermal Resistance, 6, 50 °C/W 2 4
2 -
£ 80 » 8 &
Low-Side MOSFET (Q,) Specifications BSC037N08NS5 hj P g
On-State Resistance, Rps(on 3.7 mQ P d 6 o
Total Gate Charge, Qg 46 nC 75 >t ” -
Output Charge, Qoss 56 nC P P iy
Output Capacitance, Coss 530 pF -7 - - 4
Body Diode Forward Voltage, Vgp, 09 VvV 70 —c - e Lt
Body Diode Recovery Charge, Qggr 36 nC ——— i - 2
Thermal Resistance, 6, 40 °C/W ‘r__—:-_-f_':—— - teescsssssesesees
Antiparallel Schottky Diode (if applicable) 65 o . eessseqeccessscegesssccssepeece 0
Schottky Diode Forward Voltage, Vgp ov 0 4.8 9.6 14.4 19.2 24
Schottky Diode Recovery Charge, Qggy 0 nC Load Current (A)
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