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Step 1: Operating Specifications

Input Voltage - Min, V y(min) 12V
Input Voltage - Nom, Viymnom 20 V|2
Input Voltage - Max, Vymax) 24 V
Output Voltage, Vour 21V
Full Load Output Current, loyrmax) 18 A
Switching Frequency 520 kHz
Frequency Set Resistor, Ry 15 kQ Cuin 0.1uF C DeooTi
4,?' }— BOOT1 O0.1pF
| —| —|—vce ISNS(+) ISNS(-)
Step 2: Filter Inductor -~ DPuw Rvin

7

Inductor DCR 18.5 mQ

i VIN > VIN T VOUT
Recommended Filter Inductance 6.5 uH A A ] - ANN—]
Inductance, L¢ 6.8 pH | | ‘

Pk-to-Pk Ripple Current at Vyminy, AlLg 1.5 Apk-pk <£ % 9 g ; = — E
Pk-to-Pk Ripple Current at Viymom) AlL2 0.3 Apkpk %) = »n o Q,
. — MODE > =2 o LDRV1 HDRV2 €
Pk-to-Pk Ripple Current at Vymax, Al 3 0.7 Api-pk > T m
. . I i, I rvw]_,
Al_as a % at Viy(min) 42 % DITH :““““““““", BIAS - vouT M\ SW2
Al as a % at Vin(om) 13 % R I ! | I
|
Al as a % at Viymax 41 % 15k VVV i RT/SYNC ! ! VCC —_| — Coee C
| SLOPE | | ' T JH' |_. R
Csidbe | | LM5176 ! PGND X (o 1Y4F LDRV2™ -
Step 3: OCP, Sense Resistors, Slope Comp 120pF ' : : I L
- - ’—i }— SS | | LDRV2 — -
Required locppiny S€tpoint at Viypom 22 A L Cdor ! ! I T * T
Recommended Sense Resistance 23.9 mQ lSS‘OnF:COMP | ! BOOT2
Sense Resistance, Rg 24 mQ * - I AENE : | . 1
Peak Inductor Current, I pg 50 A - ~T | AGND ¢ ____ 1 HDRV2 — T Drao=
b : : o2 143k —_ o~ a : S\ - * ]
ower Loss in Rs at Full Load (Min VIN) 0.13 W — FB % | T S Sw2 o VCC 1
Recommended SLOPE Capacitance 120 pF N/A —— Cqa 75} (£ %’ O @] I CgooT2 — GND
SLOPE Capacitance, Csiope 120 pF %2 F S & 5 383 8 8 0.1uF
ViNgmin) 2.4 A L R 4 H H H H
loutyp) @t OCP Inception:  Viyiom) 3.0 A - B2 l l I Recy
Vingmay 3.7 A 1 Ny
Set Const Current Loop Setpoint (?) 1.8 A VouTRFe1 —_ AVAVAY, 100pk
Output Leg Shunt Resistance, Rcsou 28 mQ S LI Rcso

Step 4: Output Capacitor
Output Voltage Ripple Spec 100 MV pk

Minimum Output Capacitance 22.0 pF
Output Capacitance, Coyr 170 puF

Maximum Permitted ESR 50.7 mQ

Output Capacitor ESR 28 mQ
Resulting Output Voltage Ripple (max) 59 MV ik
Output Capacitor RMS Current (max) 1.6 A (rms)
= \ 20V
. BOde P|Ot, V|N VIN(nom) IN(nom) E
Step 5: Input Capacitor 0
Input Voltage Ripple Spec 200 MV ppk 80 ‘\
Minimum Input Capacitance ~ 10.0 uF \\
Input Capacitance, Cyy 40 pF o SN
. . 60 ) =
Maximum Permitted ESR 87.8 mQ \ \ E
. \ PLOAD _
Input Capacitor ESR 0.1 mQ \ % Fzcomp
Resulting Input Voltage Ripple (max) 10 MVpiepk 40 '\‘ .45
Input Capacitor RMS Current 0.6 A \ N
nput Capacitor urrent (max) (rms) | ~\
\\ N
Step 6: Soft-start, Dither, UVLO m 20 N ™~ Sq <
Soft-Start Time, tsg 50 ms AS2 \\\ ~"\ b
Soft-Start Capacitance, Csg 330 nF % S \S~ F £
-o g PCOMP o
DITHER Disabled B O 0 ST oy Py ==y =y = ~n -90
*Short DITH pin to GND Q S.. =" S~ ZESR \ 8_
. © Rl PPN L b o
Required Input Voltage UVLO On 10V 9 \\ NQ 2
Input Voltage UVLO Off  9.14 V -20 \ Fzrip N 58°
Upper UVLO Resistor, Ry, 250 kQ g‘ 1 4 _.\.\--
Lower UVLO Resistor, Ryy» 33.2 kQ Crossover Frequency = 61.3 kHz \ N
_40 | | T R B _135
T T T TTTT] \
Step 7: Compensation Design Phase Margin = 58° ‘\
Load Pole Frequency 307 Hz -60 \
Cout ESR Zero Frequency 33 kHz ‘\
Boost RHP Zero Frequency 247 kHz \
Desired Crossover Frequency 52 5 kHz -80 A -180
Error Amp Pole Frequency 4 Hz 1 10 100 1000 10000 100000 1000000
Upper Feedback Resistor, Reg, 500 kQ Frequency (Hz)
Lower Feedback Resistor, Reg, 20 kQ
Compensation Components
Calculated / Std Values Selected Actual P/Z Frequencies
Rc 141.8 143 143 kQ 4 Hz (Fpgp) Min COMP Voltage 1.54v
Cca 2.4 2.2 2.2 nF 0.5 kHz (Fzcomp) Max COMP Voltage 2.26V
Ce 0 0 0 pF 44 KHz (Fpcomp)
Efficiency / Power Loss Analyzer
Step 8: Efficiency Efficiency vs IOUT Plot v Vinom) 20V
Buck -Leg Power MOSFETSs (Q1, Q,) CSD18563Q5A Efficiency
Hi-side Low-side n, VIN — VIN(nom) = == = Boost "Control" MOSFET Loss
On-State Resistance, Rpseny  16.0 16.0 mQ == e=|nductor Loss
Total Gate Charge, Qg 13.2 13.2 nC 100 : : : : : 0.18
- i | | | 1 1
Gate-Drain Charge, Qgp 1.8 1.8 nC ! ! 96.3% ! ! 97.4% !
Gate-Source Charge, Qgs 2.2 2.2 nC . : : : i —=_ 0.16
: .
Gate Resistance, Rg 1.47 1.47 Q ! ! | ! ..r
Transconductance, ggs 8.3 83S o5 : H . H ,-’. H
Gate-Source Threshold Voltage, Vy 1.7 1.7V i i i i ...0 )I—— 0.14
Body Diode Forward Voltage, Vgp 1.2 1.2V | . : : : ..." -~ -~ :
Body Diode Rev Recovery Charge, Qrg 7.9 nC . | i i i.-' & i—— 0.12 —
Thermal Resistance, 0;, 50 50 °C/W = i i i o’ i =
<90 : : : v : —
> I I I o~ I 1 w
O I I I > I T 0.1 &4
Boost-Leg Power MOSFETSs (Q3, Q) CSD16321Q5 = | ! ! |y o ol ! : o
Hi-side Low-side = i i - " i - —
. = I I - = L ef I - am @ = T | 0.085=
On-State Resistance, Rps(n) 16 16 mQ = : ! - o - - - - : [<b)
— T ‘_# L . T —-"'__ T T
Total Gate Charge, Qg 13.2 13.2 nC LSS e - ! o - H 00’ = H I %
Gate-Drain Charge, Qsp 1.8 1.8 nC - - e e atu i i L 0.0
Gate-Source Charge, Qgs 2.2 2.2 nC 7 : Lot * | i i
Gate Resistance, Rg ~ 1.47 1.47 Q i eee*®’ i i i i
ee®® ! ! ! = 0.04
Transconductance, ggs 8.3 83S 80 ..,..-": ; ; ; ;
Gate-Source Threshold Voltage, V14 1.7 1.7V ceooef® ° : : : : !
Body Diode Forward Voltage, Vgp 1.2 1.2V | i i i i i—— 0.02
Body Diode Rev Recovery Charge, Qgg 7.9 nC I l l i i
Thermal Resistance, 0, 50 50 °C/W - i ] ; | i o
0] 0.36 0.72 1.08 1.44 1.8
External Schottky Diode (if applicable) Buck Leg Boost Leg
Schottky Fwd Voltage, Vewpsch 0 oV Load Current (A)
Schottky Rev Recovery Charge, Qggrsch 0 0 nC
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