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Step 1: Operating Specifications
Input Voltage - Min, Viymin 9V
Input Voltage - Nom, Vixmom) 12V-3
Input Voltage - Max, Viymax 50 V VIN  VBIAS VIN
Output Voltage, Voyr  20.5 V
Full Load Output Current, loyrmax 6 A

Switching Frequency 120 kHz ISNSP  ISNSN

Frequency Set Resistor, Ry 249 kQ

Step 2: Filter Inductor vce

Recommended Filter Inductance 10.8 uH
Inductance, L¢ 10 pH
Inductor DCR 1.9 mQ

Pk-to-Pk Ripple Current at Vymin), Alig 4.2 Apkpk neer
Pk-to-Pk Ripple Current at Viymomy Alis 4.2 Aok Ve R
Pk-to-Pk Ripple Current at Viymax, Az 10.1 Aok

Al as a % at Viymin) 29 % Syne

Al as a % at Viypom) 39 %

Al_as a % at Vinmay 168 % $

Step 3: OCP, Sense Resistors, Slope Comp

Peak Current Limit Margin 20 %
Recommended Sense Resistance 1.9 mQ ”
Sense Resistance, Rg 1.8 mQ &

Peak Inductor Over Current Limit, lipim¢  32.5 A

Max Peak Inductor Current, lipvax ~ 16.5 A
Power Loss in Rs at over current limit 0.78 W
Recommended SLOPE Resistor 280 kQ
SLOPE Resistor, Rg ope 280 kQ

Vin(miny 112 A

loutgyp) @t OCP Inception:  Viymom) 15.0 A

Vin(max) 227 A

Step 4: Output Capacitor

Output Voltage Ripple Spec 150 mVi.pk
Minimum Output Capacitance ~ 187.7 pF
Output Capacitance, Coyr 250 pF
Maximum Permitted ESR 6.2 mQ

Output Capacitor ESR 6 mQ
Resulting Output Voltage Ripple (max) 149 MV pk

Output Capacitor RMS Current (max) 6.8 A (rms)



http://www.ti.com/pol
http://www.ti.com/product/lm5177

Step 5: Input Capacitor

Input Voltage Ripple Spec 180 mVy.pk
Minimum Input Capacitance ~ 69.4 pF
Input Capacitance, Cy 300 pF
Maximum Permitted ESR 12.5 mQ
Input Capacitor ESR 10 mQ
Resulting Input Voltage Ripple (max) 152 MVpepi
Input Capacitor RMS Current (max) 3.0 A(rms)
Step 6: Soft-start, UVLO, CFG
recommended Soft-Start Time, tss for lscpming 0.4 ms B o d e PI Ot V —_ V Vinmomy 12V 5
Soft-Start Time, tss 3 ms ’ IN IN(nom) [ Show I_Limit Gain
Soft-Start Capacitance, Csg 33 nF 80 180
DRSS: off hd | HICCUP: off v ‘ uSleep:on ¥ | ILIMIT: positive W
Configuration Setting 13
Configuration Resistor on CFG: Rc¢eg 20.5 kQ 60 135
Required Input Voltage UVLO On 9V
Input Voltage UVLO Off 85V
Upper UVLO Resistor, Ryy; 100 kQ 40 90
Lower UVLO Resistor, Ry, 15.8 kQ
Current Mon|tor/L|m!te_r =20 a5 =
Average Current Limit 6A = =
= =
Current Sense Shunt Resistance, Rcsoutin) 8 mQ 8 0 o) CEG
SYNC pin during startup High o <5}
IMONOUT Filter , Cpyon 3 nF 3 2y
IMONOUT Filter , Ryon 1 kQ —20 45 E
Step 7: Compensation Design -40 90
Load Pole Frequency 373 Hz
Cout ESR Zero Frequency 106 kHz
Boost RHP Zero Frequency @ Viywin 10 kHz 60 c - o8 kH ~ -135
Boost RHP Zero Frequency @ Vinnowm) 19 kHz P;ossoh\//ler ‘reﬁtglcy e z SO -
Desired Crossover Frequency 3+ kHz -80 ase Margin = L I A [ | i) -180
Error Amp Pole Frequency 0 Hz 1 10 100 1000 10000 100000 1000000
Upper Feedback Resistor, Regt 71.5 kQ
. Frequenc Hz
Lower Feedback Resistor, Regg 3.65 kQ 4 y( )

Compensation Components

Calculated / Std Values Selected Actual P/Z Frequencies
Rc 4.9 4.87 4.87 kQ 0 Hz (Fpga)
Cci 581 56 56 nF 0.6 kHz (Fzcomp)
Ceo 1076 1000 1000 pF 32 kHz (Fecomp)

Efficiency / Power Loss Analyzer



Step 8: Efficiency

- |

Buck -Leg Power MOSFETSs (Q4, Q,) SQJ422EP
Hi-side Low-side

Efficiency vs IOUT Plot v

N, Vin = Vinmom)

Efficiency
e «» = Buck "Control" MOSFET Loss
e» e»|nductor Loss

On-State Resistance, Rps(n) 15 1.5 mQ 100 0.45
Total Gate Charge, Qg 100 100 nC
Gate-Drain Charge, Qgp 10 10 nC ] 0.4
Gate-Source Charge, Qgs 15 15 nC / A
Gate Resistance, Rg 1 1Q 95 7 0.35
Transconductance, ggg 140 140 S -
Gate-Source Threshold Voltage, Vy 25 25V b > L
Body Diode Forward Voltage, Vgp 1 1V <= - -~ 0.3 g
Body Diode Rev Recovery Charge, Qgr 120 nC <90 — - <
Thermal Resistance, 0;, 20 20 °C/w 3 - - - O.25$
— - - o
D - -~ —
Boost-Leg Power MOSFETs (Qs, Q,) SQJ422EP é -— - = - - a1 0.2 ©
Hi-side Low-side nss 1— = ——= v =
On-State Resistance, Rpg(on) 1.5 1.5 mQ e -~ Lot ° 0.159-0
Total Gate Charge, Qs 100 100 nC 1 Sl oot :
Gate-Drain Charge, Qgp 10 10 nC - e - - = 00’ °
Gate-Source Charge, Qgs 15 15 nC g0 === Leeo® o° 0.1
Gate Resistance, Rg 1 1Q vess®® “*
Transconductance, ges 140 140 S ] .....0.0’ 0.05
Gate-Source Threshold Voltage, Vry 25 25V ......o"°..
Body Diode Forward Voltage, Vgp 1 1v 75 Jaee cescccssccesec®® ) : ) . ) . ) o
Body Diode Rev Recovery Charge, Qgr 120 nC 0 1.2 2.4 3.6 4.8
Thermal Resistance, 0, 20 20 °C/W Load Current (A)
External Schottky Diode (if applicable) Buck Leg Boost Leg
Schottky Fwd Voltage, Vewpsch 0 oV
Schottky Rev Recovery Charge, Qggrsch 0 0 nC




