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Figure 35. Typical Design Application
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Table 1. Design Requirements
PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
Vin Input voltage 10 60
V\N(npp\g} Input ripple IQUT =6A 05 \'
Vout Output voltage 0A<IgyT<20A 48 5.0 52
Line regulation 10VEVys60V 0.5%
Load regulation 0A<IgyT=6A 0.5%
VR\ppLE Output ripple IOUT =6A 100
Vover Qutput overshoot Alout=25A 250 mV
VUNDER Output undershoot Algyr=-2.5A 250
lout Output current 10VeVy<60V 0 6 A
tss Soft-start time Vin=24V 4 ms
lscp Short circuit current trip point 8 A
n Efficiency ViN=24V, lgyt=6A 94%
faw Switching frequency 300 kHz
Size 15| in?
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Table 2. Design Example List of Materials

D ERENCE | aTy | vaLue DESCRIPTION SIZE PART NUMBER MANUF
c1 4 |22yF Capacitor, Ceramic, 100 V. X7R, 15% 1210 |std Std
c6 1 |120pF g:fi:g"“" Aluminum, 63 V, 20%, KZE 0.315" | KZE63VB121M10X16LL | Chemi-con
c7 1 0.1 yF Capacitor, Ceramic, 50 V, X7R, 15% 603 Std Std
c9 2ea %g EE Capacitor, Ceramic, 16 V, X7R, 15% 1210 Std Std
ci3 1 | 8200 pF Capacitor, Ceramic, 50 V, X7R, 15% 603 | std std
c14 1 [220pF Capacitor, Ceramic, 50 V, X7R. 15% 603 |std Std
c15 1 |a7rF Capacitor, Ceramic, 50 V, X7R. 15% 503 | std Std
c16 1 1w Capacitor, 1 6V, X7R, 15% 603 |std Std
ci7 1 | 1000 pF Capacitor, Ceramic, 50 V, X7R, 15% 603 | std Std
c1e 1 [1uF Capacitor, Ceramic, 100 V. X7R. 15% 1206 |std std
cio 1 4T pF Capacitor, Ceramic, 16 \V, X5R, 15% 805 | std Std
c21 1 | 1500 pF Capacitor, Ceramic, 50 V, X7R. 15% 603 |std Std
L1 1 |a2pH Inductor, SMT, 10 A, 16 mQ 0.51"2 | IHLPS050FDER8R2MO1 | Vishay
Qi 1 MOSFET, N-channel. 60 V. 50 A, 11 me BSC110NOBNS3G Infineon
Q2 1 MOSFET, N-channel, 60 V, 50 A, 7.6 mQ BSCOT6N0BNS3G Infineon
R10 1 |274ke Resistor. Chip, 1/16W, 1% 603 | std R603
R4 1 |ss3ka Resistor, Chip, 1/16W, 1% 603 |std R603
R5 1 |10.0ke Resistor, Chip, 1/16W, 1% 603 | std R603
R9 1 [121ka Resistor, Chip, 1/16W, 1% 603 |std R603
R11 1 [200ke Resistor. Chip, 1/16W. 1% 503 | std R603
R6 1 [221ka Resistor, Chip, 1/16W, 1% 603 |std R603
R7 ERE Resistor, Chip, 1/16W, 1% 603 | st R603
R2 1 |200ka Resistor, Chip, 1/16W, 1% 603 |std R603
R13 1 [511ke Resistor, Chip, 1/16W, 1% 603 | std R603
u1 Livc:.io\llﬂ}os\\oey vide input syne. PV TPS40170RGY ;I;\es);rausments
[ K" PWM Gain|(Vin / Veane) [45V<Viys60V 14 15 6] v ||

8.2.2.19 Compensation: (R4, R13, C13, C14, C21)

Using the TPS40k Loop Stability Tool for a 60 kHz bandwidth and a 50° phase margin with an R11 value of
20.0 kR, the following values are obtained. The tool is available from the Tl website, SLUC263.

+ C21=C1=1500 pF
+ C13=C2=28200pF
+ C14=C3=220pF
+ R13=R2=511Q
+ R4=R3=383kQ

8.2.3 Application Curves

Figure 36 shows an input from 10 V to 60 V for an

output of 5.0 V at 6 A, efficiency graph for this design.

Figure 37 shows an input of 24 V for an output of 5.0 VV at 6 A, loop response where Viy = 24V and lgyt = BA,
yielding 58 kHz bandwidth, 51° phase margin. Figure 38 shows the output ripple 20 mV/div, 2 ps/div, 20 MHz

bandwidth.
100 100
30
95
60
— 90
g s © ~
g c
F e s E
5 o 0 o
= — V=10V
80 — V=12V _20
Vin=24V
75 — V=36V -40
— iy =48V
— V)= 60V -60 -
70 0.1 1 10 100 1000
] 1 2 3 4 5 6 Frequency (kHz)
Load Current (A}
Figure 36. Efficiency vs. Load Current Figure 37. Loop Response
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See "Instructions” sheet for details on using this spreadsheet.

Votage Mode Continuous Current Non Isolated Buck Loop Compensation

PSU Parameters Calculated Zero's, Pole's, R's and C's: Manually enter |Puwer Train Poles and Zeros
VIN 24|V R's & C's:|No |LC Double Pole 6.947 kHz
VOouT 5|V Fz_1 12961 Hz|R_1 20000 0 20000\ |E\eclmlytic ESR Zero None|kHz
1OUT_max 6|A Fz 2 12961 Hz|R_2 979 0 511|0 |Cerarnic ESR Zero 621.699|kHz
Fco 60 |kHz Fp_1 277748 Hz|R_3 22267 Q 3830/0 Copy Std. | Green button to 1t allows the user to fix
Phase Margin 50[° Fp_2 277748 Hz|R_bias 2727 Q) 2740]0 Values to | he compensation network o the calculated
Man. Values | values so that analysis can be done when
Output Inductor | kVenable 4.628/C_1 585 pF| 1500|pF the PSU parameters are varied
LOUT ‘ 8.2|uH c_2 551 pF| 8200|pF
DCR ‘ 16|mQ c_3 27 pF 220|pF
Output Electrolytic Capacitor Qry: d R and C values for final circuit. Manually enter c1
COUT_ELEC ‘ 0|pF 0 R_1 20000 Q P's and Z's:|No =Rr1
ESR_ELEC | olmQ R 2 1000 Q[Fz 1 13534 Hz| Hz R2
Output Ceramic Capacitor Qty: R_3 22000 Q|Fz 2 12918 Hz| Hz
COUT_CER 64|uF 1 R_bias 2740 Q|Fp_1 284205 Hz Hz ¢
ESR_CER 4|mQ Cc_1 560 pF Fp_2 280856 Hz Hz =
SelectIC TPS40170 Cc_2 560 pF Results e Rblas
[ 2 27 pF FCO actual 57168 Hz| i
| [ Phase at FCO 44.4° JC
| [ Vout (nom) 4.980 V -

For two-phase operation, chaase LOUT = L2, where Lx is the inducance per phase

K 3 f A2 SLUC263 15 HHI4E 5, Fco=57kHz, PM=44°



See "Instructions” sheet for details on using this spreadsheet.

Votage Mode Continuous Current Non Isolated Buck Loop Compensation

PSUF C d Zero's, Pole's, R's and C's: Manually enter Power Train Poles and Zeros

VIN 24|V R's&C's:|Yes |- LC Double Pole 6.947 kHz

vout 5|V Fz_1 12961 Hz[R_1 20000 O 20000/ Electrolytic ESR Zero None |kHz

1OUT_max 6|A Fz 2 12061 Hz|R_2 978 0 511|Q Ceramic ESR Zero 621.699 kHz

Fco 60|kHz Fp_1 277748 Hz|R_3 22267 0| 3830\ Copy 5td Green button to the left allows the user to fix

Phase Margin 50[° Fp_2 277748 Hz|R_bias 2727 O 2740|0 Values to the compensation network to the calculated
Man. Values | values so that analysis can be done when

Output Inductor kVenable 4.629|C_1 585 pF 1500|pF the PSU parameters are varied

LouT 8.2|pH c_2 551 pF 8200|pF

DCR 16[mQ C_3 27 pF] 220/pF c3

Output Electrolytic Capacitor Qty: R and C values for final circuit. Manually enter c ?' cz

COUT_ELEC | o[uF 0 R_1 20000 Q] P's and 2's:[No - A

ESR_ELEC | 0[ma R_2 511 Q[Fz_1 5173 Hz| Hz R2

Output Ceramic Capacitor Qty: | |IR_3 3830 Q|Fz 2 5068 Hz| Hz

COUT_CER 64[uF 1 R_bias 2740 Q[Fp_1 207639 Hz| Hz S

ESR_CER 4/mQ C_1 1500 pF|Fp_2 193953 Hz Hz +

Select IC TPS40170 c_2 8200 pF Results Rblas .| o

C_3 220 pF| FCO actual 27936 Hz|
| [ Phase at FCO 62.6° L
‘ | Vout (nom) 4,980 V|

For two-phase operation, choose LOUT = Lw2, where Lx is the inducance per phase.
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[3] Intersil: Designing Stable Compensation Networks for Single Phase Voltage Mode Buck
Regulators.

[4] Ti: switch mode power convert compensation.



