Product

Folder e o Now

13 TEXAS
INSTRUMENTS

'\= Order b Technical

Documents

2 Tools &

Support & E Reference
#N Software

Community Design

LM5160-Q1
ZHCSDV5C ~JULY 2015—REVISED OCTOBER 2018

LM5160-Q1 #EfiA 65V, 2A [P E/Fly-Buck™ B/ EL L #as

1 etk

&M TREN AT AEC-QL00 HrifE
— JREZY 1. —40°C £ T, < 125°C
— HBM ESD /p25%:4 2

— CDM ESD %3344 C5

4.5V % 65V i N\ HL 76

£ A DRI 2

— TCHRANE R AR

2A e KR

#54r CISPR 25 EMI bR

I I S 5 T T (] 92 il

—  TCHMEIR B AME

— PR S e R

Al sRE] PWM B¢ DCM ifT

- FPWM (REZ %t Fly-Buck™

I AUE E [T A%

— @ H PH AR Y S IMHz
A Y AR S B [A]

Tt & )5 3h

+19% S i3t L s FE

WA PR REME PSR AR BT

—  UAE H R PR R

— AR RS (UVLO) Fli i
— VCC Hfitl3Kkzh UVLO {4

—  HAIR A RO R

14 5| HTSSOP ##£, 0.65mm [a]#E

] LM5160-Q1 A2 H: WEBENCH® Hi i % 112561

e et
$ 7Y (] 25 [ L FH E %
VIN
O ®—— VIN BST __l_
LM5160-Q1 Vour
A D R N

RON
e EN/UVLO FB
T vee
I ss FPWM

AGND PGND

2 NH

o REHMIBEREH

o IGBT MRS/ B IR

o RIFERGE X ER/ER (Fly-Buck)

3 UiHH

LM5160-Q1 & — 3K HA & S MAE M MOSFET
[f) 65V 2A [FI5 Ff I F5 e 2% 38 N 1E S I8 I A] 42 i)
TR THEEAME, AT FE DR B A N S B R
oo PR ISBOR 28 PR IFFE R TARERE VI £1% 1
R . SB[ SR R U L, AR
S VA B E

g 5 FEL AL IR 1) FEL IS PT B A R O . KRB
(EN/UVLO) Ha g HR A T S7 8 45 (1 4 N R BB AR
. LM5160-Q1 it FPWM 3| AT 9w Fe, LAZEM
IR BN FE R E 8L S (CCM) Bhi7E iz £
T B B = Wi gk Ak S (DCM), AT LB
IR . 5@ CCM 1217 SCRFE FAR & SR I 2 4
ke Fly-Buck M .

LM5160-Q1 4754 AEC-Q100 1 Zikrife, I H. A%
FH 5] IAEE A 0.65mm [£] 14 5| i HTSSOP %%,

BHERO

IS e BHERS GRHED

LM5160-Q1 HTSSOP (14) 4.40mm x 5.00mm

(1) W& T AR, TES R B R R T I

$7 Fly-Buck K7 HLE%

Vourt(sec)
V|N

] o—o— VIN
BST
1|
LM5160-Q1
sw
RON

EN/UVLO

Vourrry

FB
VCC

FPWM

SS

AGND PGND

ARG BN TT I, SREEE R TP fh P OSCRAIE R, CLA ShiHEEE . A RIS B 7 S SO W BT 5 2 1507 I www.ti.com, FLNBIRZM . TI ASGRIERH I

PRI, AESCBRBET 2, 155500 5% ROl AR () 9 SRR .

English Data Sheet: SNVSAE4


http://www-s.ti.com/sc/techlit/SNVSAE4.pdf
http://www.ti.com.cn/product/cn/lm5160-q1?qgpn=lm5160-q1
http://www.ti.com.cn/product/cn/LM5160-Q1?dcmp=dsproject&hqs=pf
http://www.ti.com.cn/product/cn/LM5160-Q1?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com.cn/product/cn/LM5160-Q1?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com.cn/product/cn/LM5160-Q1?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com.cn/product/cn/LM5160-Q1?dcmp=dsproject&hqs=support&#community
http://www.ti.com.cn/tool/cn/PMP30227?keyMatch=LM5160-Q1&tisearch=tidesigns
https://webench.ti.com/wb5/WBTablet/PartDesigner/quickview.jsp?base_pn=LM5160-Q1&origin=ODS&litsection=%E7%89%B9%E6%80%A7

I3 TEXAS
INSTRUMENTS
LM5160-Q1
ZHCSDV5C —JULY 2015—REVISED OCTOBER 2018 www.ti.com.cn
1 8 Application and Implementation .............c.cc....... 15
2 8.1 Application Information............ccccoeeviiiiiiiie e 15
3 8.2 Typical AppliCatioNS .......cceeeivereriiieeiiieecieeesiee s 16
4 8.3 DO0's and DON'S ......ccccciiriiiiiieiiiiii e 24
5 Pin Configuration and FUnctions..........c..c.coc....... 3 9 Power Supply Recommendations...................... 25
6 SPECIfiCAtONS ...v.oeoveereeeeeceeireeseee e 4 10 Layout............. e 26
6.1 Absolute Maximum RAUNGS ......eveeeerereeerereeeereerenne 4 10.1 Layout GUIeliNES .......cccevvvieriiiiieiieee e 26
6.2 ESD Ratings 10.2 Layout EXample .......cccccvviiiiiiniiinieieceee e 26
6.3 Recommended Operating Conditions................... 4 11 BRI SR o 27
6.4 Thermal INfOrMation..............ccceeueeverreeeeeeeesrersereeeens. 5 101 BFSRF o, 27
6.5 Electrical CharaCteristics. ..........c..cooevververrersresnens, 5 11.2 Iﬁi%----‘- -------------------- . 27
6.6 Switching Characteristics.............cocvvevrvereersrnsnnnes 6 11.3 Tﬁq&?*ﬁﬁ%ﬁﬁfﬂ ------------------------------------------------- 28
6.7 Typical CharaCteristics .............cccoovuerueerereerererenreenen. 7 LLA AEDCHH v 28
7  Detailed DeSCription ..........cooooeeeeeeeeeeeeereren. 10 11.5 ﬁﬂﬂ‘a‘\ ...................................................................... 28
71 Overview 116 BB S, 28
7.2 Functional Block Diagram ...........cccoeevvevienenncncennen. 10 117 ARiEH .. s 28
7.3 Feature DESCHPHON .....c..cv.vveveeeeeeereeeeeeeeeseeseeeeenen 11 12 MU, EHEEFIITIE R o 29
7.4 Device Functional MOdEes ...........coceevvviiieeneineennnen. 14
4 BATHisinR
e R TURY AT BE 5 2 B0 ACAA BT AN R o
Changes from Revision B (November 2017) to Revision C Page
O LT o 1
L s I = OSSR
e Changed Pinout Drawing
LI O F-T g To T=To I S B I = 1] o To L PSPPSR
LI O e F=TaTo T=To I 0 TedTo g I =] oYt (@ B =T [ =1 o HS T RO PPTPTIP 10
e Changed Power SUPPlY RECOMMENUALIONS.......ccuuiiiiiie ittt et e et e st e et e e ne e e s br e e et e e e ne e e e breeabn e nnnees 25
L . £ < = OSSOSO PE PSPPI 27
Changes from Revision A (November 2015) to Revision B Page
o HHI T GG AEC-QL00 ARAEAH T F.ooiiiceceeeeeeeee ettt ettt ettt ettt et ettt a et ettt et et ettt et ettt e e etaaans 1
¢ Deleted the lead temperature from the Absolute Maximum Ratings table ..........cccccoiiiiiiiii e 4
* Moved the Ripple Configuration section to the Application Information SECLION ............cooiiiiiiiiiiiiii e 15
« Changed the Application Performance Plots title to Application Curves in both typical application sections...................... 20
¢ Added layout details with LM5160-Q1 HTSSOP-14 PACKAGE ....cccciiiuiiiiieiiiiiiee ettt ettt s et s et e e st e e e s eraaeeaesenes 26
D e = s R o < RS 28
Changes from Original (July 2015) to Revision A Page
e Changed current limit off-timer in the Electrical CharacteristiCs t0 16..........c.cicviiiieiiiiiieieenee e 5

2 Copyright © 2015-2018, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/lm5160-q1?qgpn=lm5160-q1
http://www.ti.com.cn

I,

TEXAS

INSTRUMENTS

www.ti.com.cn

LM5160-Q1
ZHCSDV5C —JULY 2015—REVISED OCTOBER 2018

5 Pin Configuration and Functions

PWP PowerPAD™ Package
14-Pin HTSSOP

Top View
AGND ] 1°* 14 T3 NC
PGND 2 {777V 13 [ sw
VIN 0 3 ¢ LMS160-Q1 ¢ 12 Iy sw
EN/UVLO £ 4 i i 11 [ BST
i THERMAL
RON O 5 ! PAD i 10 [ vCC
ssc 6 oo i ol FB
NC O 7 8 [ FPWM
Pin Functions
PIN
11o® DESCRIPTION
NO. NAME
1 AGND — Analog Ground. Ground connection of internal control circuits.
2 PGND P Power Ground. Ground connection of the internal synchronous rectifier FET.
3 VIN P Input supply connection. Operating input range is 4.5 V to 65 V.
4 EN/UVLO | Precision enable. Input pin of undervoltage lockout (UVLO) comparator.
5 RON | On-time programming pin. A resistor between this pin and VIN sets the switch on-time as a function of
input voltage.
6 SS | Soft-start. Connect a capacitor from SS to AGND to control output rise time and limit overshoot.
8 EPWM | Forced PWM logic input pin. Connect to AGND for discontinuous conduction mode (DCM) with light
loads. Connect to VCC for continuous conduction mode (CCM) at all loads and Fly-Buck configuration.
9 FB | Feedback input of voltage regulation comparator.
10 VCC (0] Internal high voltage start-up regulator bypass capacitor pin.
Bootstrap capacitor pin. Connect a capacitor between BST and SW to bias gate driver of high-side buck
11 BST P FET
Switch node. Source connection of high-side buck FET and drain connection of low-side synchronous
12,13 SW P o
rectifier FET.
7,14 NC — No Connection.
— EP — Exposed Pad. Connect to AGND and printed-circuit board ground plane to improve power dissipation.

(1) P =Power, G = Ground, | = Input, O = Output.

Copyright © 2015-2018, Texas Instruments Incorporated 3
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6 Specifications
6.1 Absolute Maximum Ratings
Over the recommended operating junction temperature of —40°C to 150°C (unless otherwise noted). ®®
MIN MAX UNIT
VIN to AGND -0.3 70
EN/UVLO to AGND -0.3 70
RON to AGND -0.3 70
BST to AGND -0.3 84
Input voltages \%
VCC to AGND -0.3 14
FPWM to AGND -0.3 14
SS to AGND -0.3
FB to AGND -0.3
BST to SW -0.3 14
BST to VCC 70
Output voltages \%
SW to AGND -15 70
SW to AGND (20-ns transient) -3
Operating junction temperature, T;© —40 150 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) If Military/Aerospace specified devices are required, contact the Texas Instruments Sales Office/ Distributors for availability and
specifications.

(3) High junction temperatures degrade operating lifetimes. Operating lifetime is derated for junction temperatures greater than 125°C.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic | Human-body model (HBM), per AEC Q100-002Y +2000 v
(ESD)  discharge | charged-device model (CDM), per AEC Q100-011 All pins +750

(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions
Over the recommended operating junction temperature of —40°C to 150°C (unless otherwise noted).®

MIN MAX UNIT
VN input voltage 4.5 65 \%
louT Output current 2 A
Operating junction temperature -40 150 °C

(1) Recommended Operating Ratings are conditions under the device is intended to be functional. For specifications and test conditions,
see Electrical Characteristics.

4 Copyright © 2015-2018, Texas Instruments Incorporated
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6.4 Thermal Information

LM5160-Q1
THERMAL METRIC® PWP (HTSSOP) UNIT
14 PINS
Rgia Junction-to-ambient thermal resistance 39.3 °C/IW
Rgichot Junction-to-case (bottom) thermal resistance 2.0 °C/IW
viB Junction-to-board thermal characteristic parameter 19.3 °C/IW
Rgis Junction-to-board thermal resistance 19.6 °C/IW
Rojctop Junction-to-case (top) thermal resistance 22.8 °C/IW
WIT Junction-to-top thermal characteristic parameter 0.5 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics report.

6.5 Electrical Characteristics

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over T; = —40°C to 125°C. Unless otherwise

stated, V,y = 24 V.0W®

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY CURRENT
Isp Input shutdown current ViN =24V, Venuvio =0V 50 90.7 HA
lop Input operating current VN = 24V, Vgg = 3V, non-switching 2.3 2.84 mA
VCC SUPPLY
Vee Bias regulator output ViN=24V, lcc =20 mA 6.47 7.5 8.52 \%
Vee Bias regulator current limit ViN=24V 30 mA
Veeuy) VCC undervoltage threshold Vycc rising 3.98 4.1 \%
Vee(Hys) VCC undervoltage hysteresis Vycc falling 185 mV
Vee(Lbo) VIN — VCC dropout voltage ViN=4.5V, lycc =20 mA 165 260 mV
HIGH-SIDE FET
Rps(on) High-side on-state resistance Vest—Vsw=7V,Isw=1A 0.29 Q
BST(uv) Bootstrap gate drive UV Vgst — Vsw rising 2.93 3.6 \%
BST(Hys) Gate drive UV hysteresis Vgst — Vsw falling 200 mV
LOW-SIDE FET
Rps(on) Low-side on-state resistance Ilsw=1A 0.13 Q
HIGH-SIDE CURRENT LIMIT
ILim (Hs) High-side current limit threshold 2.125 25 2.875 A
Tres Current limit response time ILm (Hs) threshold detect to FET turnoff 100 ns
Torr1 Current limit forced off-time Veg =0V, V|y=65V 16 29 39.8 ys
Tore2 Current limit forced off-time Veg=1V,V|ny=24V 2.18 3.5 5.12 ys
LOW-SIDE CURRENT LIMIT
Isource(Ls) Sourcing current limit 1.9 25 3 A
Isink(Ls) Sinking current limit 5.4 A
DIODE EMULATION
VEpwM(LOW) FPWM input logic low ViN=24V 1 \%
VepwmHicHy  FPWM input logic high ViN=24V 3 \%
Izx Zero cross detect current FPWM = AGND (diode emulation) 0 mA
REGULATION COMPARATOR
VRer FB regulation level ViN=24V 1.975 1.995 2.015 \%
|(Bias) FB input bias current ViN=24V 100 nA

(1) All minimum and maximum limits are specified by correlating the electrical characteristics to process and temperature variations and

applying statistical process control.

(2) The junction temperature (T; in °C) is calculated from the ambient temperature (T, in °C) and power dissipation (Pp in Watts) as follows:
T3 =Ta + (Pp * Rgsa) Where Rgja (in °C/W) is the package thermal impedance provided in Thermal Information.

Copyright © 2015-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over T; = —40°C to 125°C. Unless otherwise
stated, V,y = 24 V.O®@

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
ERROR CORRECTION AMPLIFIER and SOFT START
Gy Error amp transconductance Veg = VRer £ 10 mV 105 HAN
IEA(SoUrce) Error amp source current Veg=1V,Vgs=1V 7.62 10.2 12.51 HA
IEA(SInK) Error amp sink current Veg =5V, Vgg =225V 7.46 10 12.2 HA
V(ss-FB) Vss — Vgg clamp voltage Veg =1.75V, Css= 1 nF 135 mV
Iss Soft-start charging current Vss =05V 7.63 10.2 12.5 HA
ENABLE/UVLO
VuvLo (TH) UVLO threshold VeENnjuvLo fising 1.213 1.24 1.277 \%
luvLoHYs) UVLO hysteresis current Venuvio = 1.4V 15 20 25 HA
Vsp(TH) Shutdown mode threshold Venuvio falling 0.28 0.35 \%
Vsp(Hys) Shutdown threshold hysteresis VeEnjuvLo fising 47 mV
THERMAL SHUTDOWN
Tsp Thermal shutdown threshold 175 °C
Tsp(HYs) Thermal shutdown hysteresis 20 °C

6.6 Switching Characteristics

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over T; = —40°C to 125°C. Unless otherwise
stated, V,y = 24 V.

| MIN TYP  MAX| UNIT

MINIMUM OFF-TIME

ToFE-MIN Minimum off-time, Veg = 0 V | 170 ’ ns
ON-TIME GENERATOR

Tont Vin = 24 V, Ro = 100 kQ 312 428 520 ns
Tona Vin = 24 V, Ro = 200 kQ 625 818  1040| ns
Tons Vin = 8V, Ron = 100 kO 937 1247 1563| ns
Tons Vin = 65 V, Roy = 100 kQ 132 176 220 s

(1) Al minimum and maximum limits are specified by correlating the electrical characteristics to process and temperature variations and
applying statistical process control.

6 Copyright © 2015-2018, Texas Instruments Incorporated
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6.7 Typical Characteristics
Ta = 25°C, unless otherwise noted. Please refer to Typical Applications for circuit designs.
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Typical Characteristics (continued)

Ta = 25°C, unless otherwise noted. Please refer to Typical Applications for circuit designs.
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Typical Characteristics (continued)
Ta = 25°C, unless otherwise noted. Please refer to Typical Applications for circuit designs.
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4.25 3
41
b 2.75
3 <
[=] ~ —
% 3.95 = —
g % // S——
£ - 25
=4
g 38 £
3 3
8 2.25
> 365
= Falling = High Side FET
= Rising = Low Side FET
35 2
50  -25 0 25 50 75 100 125 150 50  -25 0 25 50 75 100 125 150
Junction Temperature (°C) Junction Temperature (°C)
ViNn=24V VN =24V
Figure 15. Ve UVLO vs Temperature Figure 16. Current Limit vs Temperature
3 0.45
-~ 25 0.35 _—
2 /
[7] [a) /
2 2 x 0.25 -
= = 7
= iy
= —
i 0.15
"
— . .
— Rising - High Side FET
= Falling —— Low Side FET
1 0.05
50 25 0 o5 50 75 100 125 150 50  -25 0 25 50 75 100 125 150
i 0,
Junction Temperature (°C) Junction Temperature (°C)
VIN =24V ISW =200 mA VIN =24V
Figure 17. FPWM Threshold vs Temperature Figure 18. Switch Resistance vs Temperature

Copyright © 2015-2018, Texas Instruments Incorporated 9


http://www.ti.com.cn/product/cn/lm5160-q1?qgpn=lm5160-q1
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
LM5160-Q1

ZHCSDV5C —JULY 2015—REVISED OCTOBER 2018 www.ti.com.cn

7 Detailed Description

7.1 Overview

The LM5160-Q1 step-down synchronous switching regulator features all the functions needed to implement a
low-cost, efficient buck converter capable of supplying 2 A to the load. This high voltage regulator contains 65-V
N-channel buck and synchronous rectifier switches and is available in a 14-pin HTSSOP package with 0.65-mm
pin pitch. The regulator operation is based on an adaptive constant on-time control architecture where the on-
time is inversely proportional to input voltage V. This feature maintains a relatively constant operating frequency
with load and input voltage variations. A constant on-time switching regulator requires no loop compensation
resulting in fast load transient response. Peak current limit detection circuit is implemented with a forced off-time
during current limiting which is inversely proportional to voltage at the feedback pin, Vg and directly proportional
to V|y. Varying the current limit off-time with Vg and V,y ensures short-circuit protection with minimal current limit
foldback. The LM5160-Q1 can be applied in numerous end equipment systems requiring efficient step-down
regulation from higher input voltages. This regulator is well-suited for 24-V industrial systems as well as 48-V
telecom and PoE voltage ranges. The LM5160-Q1 integrates an undervoltage lockout (EN/UVLO) circuit to
prevent faulty operation of the device at low input voltages and features intelligent current limit and thermal
shutdown to protect the device during overload or short circuit.

7.2 Functional Block Diagram

Vv LM5160-Q1
EIIN N vce A vee
REGULATOR T
VCC UVLO
| |Ruw 20pA L.
Cn —— EN/UVLO —— Cvcc
STANDBY
L v THERMAL L
= N =
Ruvi 122V | SHUTDOWN
~~_ SHUTDOWN BIAS BST
= > REGULATOR ®
Row g 0.35V .
IN
RON|  oN/OFF > DISABLE —— Casr
TIMERS
Vour SS coT — L Vour
FEEDBACK | CONTROL olsw
Css COMPARATOR | LOGIC
>_ Vee R
ESR
Rrg2 L - . l\l\ :
- 1 ~ C:OUT
Bl 2 oM = PGND T
ERROR CURRENT LIMIT
2V COMPARATOR 1
Reg1 CURRENT 1 \ =
LIMIT TIMER :
AGND VILIM %
DIODE FPWM
EMULATION
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7.3 Feature Description

7.3.1 Control Circuit

The LM5160-Q1 step-down switching regulator employs a control principle based on a comparator and a one-
shot timer, with the output voltage feedback (FB) compared to the voltage at the soft-start (SS) pin (Vss). If the
FB voltage is below Vgg, the internal buck switch is turned on for a conduction time determined by the input
voltage and the one-shot programming resistor (Rgy)- Following the on-time, the buck switch must stay off for the
off-time forced by the minimum off-time one-shot. The buck switch remains off until the FB voltage falls below the
SS voltage again, when it turns back on for another on-time interval.

During a rapid start-up or when the load current increases suddenly, the regulator operates with minimum off-
time per cycle. When regulating the output in steady-state operation, the off-time automatically adjusts to
produce the SW voltage duty cycle required for output voltage regulation.

When in regulation, the LM5160-Q1 operates in continuous conduction mode at heavy load currents. If FPWM is
connected to ground or left floating, the regulator operates in discontinuous conduction mode at light load with
the synchronous rectifier FET in diode emulation. With sufficient load, the LM5160-Q1 operates in continuous
conduction mode with the inductor current never reaching zero during the off-time of the high-side FET. In this
mode the operating frequency remains relatively constant with load and line variations. The minimum load
current for continuous conduction mode is one-half the inductor’'s ripple current amplitude. The operating
frequency is programmed by the resistor connected from VIN to RON and can be calculated from Equation 1
with Ry expressed in Ohms.

Vour
Fow = —R 1y 1010 Hz
ON 1)

In discontinuous conduction mode, current through the inductor ramps up from zero to a peak value during the
on-time, then ramps back to zero before the end of the off-time. The next on-time interval starts when the voltage
at FB falls below Vss. When the inductor current is zero during the high-side FET off-time, the load current is
supplied by the output capacitor. In this mode, the operating switching frequency is lower than the continuous
conduction mode switching frequency and the frequency varies with load. Discontinuous conduction mode
maintains conversion efficiency at light loads because the switching losses reduce with the decrease in load and
frequency.

The output voltage is set by two external resistors (Rggi, Regy). Calculate the regulated output voltage from
Equation 2.

Virer % (Regs + Regt)
VOUT — REF RFBZ FB1 V
FB1

where
*  Vger =2V (typical) is the feedback reference voltage. (2

7.3.2 VCC Regulator

The LM5160-Q1 contains an internal high-voltage linear regulator with a nominal output voltage of 7.5 V (typical).
The VCC regulator is internally current limited to 30 mA (minimum). This regulator supplies power to internal
circuit blocks including the synchronous FET gate driver and the logic circuits. When the VCC voltage reaches
the undervoltage lockout (Vccuy)) threshold of 3.98 V (typical), the IC is enabled. An external capacitor at the
VCC pin stabilizes the regulator and supplies transient VCC current to the gate drivers. An internal diode
connected from VCC to BST replenishes the charge in the high-side gate drive bootstrap capacitor when the SW
voltage is low.
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Feature Description (continued)
7.3.3 Regulation Comparator

The feedback voltage at the FB pin is compared to the SS pin voltage Vss. In normal operation when the output
voltage is in regulation, an on-time interval is initiated when the voltage at FB pin falls below Vgs. The high-side
buck switch stays on for a pre-defined on-time causing the FB voltage to rise. After the on-time interval expires,
the high-side switch remains off until the FB voltage falls below Vgs. During start-up, the FB voltage is below Vgg
at the end of each on-time interval and the high-side switch turns on again after the minimum forced off-time of
170 ns (typical). When the output is shorted to ground (Vgg = 0 V), the high-side peak current limit is triggered,
the high-side FET is turned off and remains off for a period determined by the current limit off-timer. See Current
Limit for additional information.

7.3.4 Soft Start

The soft-start feature of the LM5160-Q1 allows the converter to gradually reach a steady-state operating point,
thereby reducing start-up stresses and current surges. When the EN/UVLO voltage is above the EN/UVLO
standby threshold Vyy oy = 1.24 V (typical) and the VCC voltage exceeds the VCC undervoltage threshold,
Vecwy) = 3.98 V (typical) , an internal 10-pA current source charges the external capacitor at the SS pin (Cgg)
from O V to 2 V. The voltage at SS is the noninverting input of the internal FB comparator. The soft-start interval
ends when the SS capacitor is charged to the 2-V reference level. The ramping voltage at SS produces a
controlled, monotonic output voltage start-up. Use a minimum soft-start capacitance of 1 nF for all applications.

7.3.5 Error Amplifier

The LM5160-Q1 provides a transconductance (Gy) error amplifier that minimizes the difference between the
reference voltage (Vgree) and the average feedback (FB) voltage. This amplifier reduces the load and line
regulation errors that are common in constant on-time regulators. The soft-start capacitor Cgg provides
compensation for this error correction loop. The soft-start capacitor must be greater than 1 nF to ensure stability.

7.3.6 On-Time Generator

The on-time of the LM5160-Q1 high-side MOSFET is determined by the Rgy resistor and is inversely
proportional to the input voltage (Vy). The inverse relationship with Vy results in a nearly constant frequency as
V| is varied. Calculate the on-time from Equation 3 with Rgy expressed in Ohms.

Ron x1x 10710 S

Ton =
Vin (3

To set a specific continuous conduction mode switching frequency (Fsy expressed in Hz), determine the Rgy
resistor from Equation 4.

VOUT

Ron=—""FT"—"—"5

Fow x1x 10710 4
Ron must be selected for a minimum on-time (at maximum V,y) greater than 150 ns for proper operation. This
minimum on-time requirement limits the maximum switching frequency of applications with relatively high V and
low Voyr.

7.3.7 Current Limit

The LM5160-Q1 provides an intelligent current limit off-timer that adjusts the off-time to reduce the foldback in
the current limit. If the peak value of the current in the buck switch exceeds 2.5 A (typical), the present on-time
interval is immediately terminated and a non-resettable off-timer is initiated. The length of the off-time is
controlled by the FB voltage and the input voltage Vy. As an example, when Vgg = 0 V and Vi = 24 V, the off-
time is set to 10 us. This condition occurs if the output is shorted or during the initial phase of start-up. In cases
of output overload where the FB voltage is greater than zero volts (a soft short), the current limit off-time is
reduced. Decreasing the off-time during less severe overloads reduces the current limit foldback, overload
recovery time, and start-up time. Calculate the current limit off-time using Equation 5.

SVin

Torrcl) =5 75 MS
€ =24y, +12 5)
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Feature Description (continued)
7.3.8 N-Channel Buck Switch and Driver

The LM5160-Q1 integrates an N-channel buck switch and associated floating high-side gate driver. The gate
driver circuit works in conjunction with an external bootstrap capacitor and an internal high voltage bootstrap
diode. A 10-nF or larger ceramic capacitor connected between BST and SW provides the voltage to the high-side
driver during the buck switch on-time. During the off-time, the SW node is pulled down to approximately 0 V and
the bootstrap capacitor charges from VCC through the internal bootstrap diode. The minimum off-time of 170 ns
(typical) provides a minimum time each cycle to recharge the bootstrap capacitor.

7.3.9 Synchronous Rectifier

The LM5160-Q1 provides an internal low-side synchronous rectifier N-channel FET. This low-side FET provides
a low resistance path for the inductor current when the high-side FET is turned off.

With the FPWM pin connected to ground or left floating, the LM5160-Q1 synchronous rectifier operates in diode
emulation mode. Diode emulation enables the pulse-skipping during light load conditions. This leads to a
reduction in the average switching frequency at light loads. Switching losses and FET gate driver losses, both of
which are proportional to switching frequency, are significantly reduced and efficiency is improved. This pulse-
skipping mode also reduces the circulating inductor currents and losses associated with a continuous conduction
mode (CCM).

When FPWM is pulled high, diode emulation is disabled. The inductor current can flow in either direction through
the low-side FET, resulting in CCM operation with nearly constant switching frequency. A negative sink current
limit circuit limits the current that can flow into SW and through the low-side FET to ground. In a buck regulator
application, large negative current typically only flows from Vgyr to SW if Vour is lifted above the output
regulation setpoint.

7.3.10 Enable / Undervoltage Lockout (EN/UVLO)

The LM5160-Q1 contains a dual-level undervoltage lockout (EN/UVLO) circuit. When the EN/UVLO voltage is
below 0.35 V, the regulator is in a low-current shutdown mode. When the EN/UVLO voltage is greater than 0.35
V (typical) but less than 1.24 V (typical), the regulator is in standby mode. In standby mode, the VCC bias
regulator is active but converter switching remains disabled. When the voltage at the VCC exceeds the VCC
rising threshold, Vccuyy = 3.98 V (typical), and the EN/UVLO voltage is greater than 1.24 V, normal switching
operation begins. Use an external resistor voltage divider from VIN to GND to set the minimum operating voltage
of the regulator.

EN/UVLO hysteresis is implemented with an internal 20 pA (typical) current source (lyyoys)) that is switched
on or off into the impedance of the EN/UVLO pin resistor divider. When the EN/UVLO threshold is exceeded, the
current source is activated to effectively raise the voltage at the EN/UVLO pin. The hysteresis is equal to the
value of this current times the upper resistance of the resistor divider, Ryy,. See Functional Block Diagram.

7.3.11 Thermal Protection

The LM5160-Q1 must be operated such that the junction temperature does not exceed 150°C during normal
operation. An internal thermal shutdown circuit is provided to protect the LM5160-Q1 in the event of higher than
normal junction temperature. When activated, typically at 175°C, the controller is forced into a low-power reset
state, disabling the high-side buck switch and the VCC regulator. This feature prevents catastrophic failures from
accidental device overheating. When the junction temperature falls below 155°C (typical hysteresis of 20°C), the
VCC regulator is enabled and operation resumes.
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7.4 Device Functional Modes

7.4.1 Forced Pulse Width Modulation (FPWM) Mode

The Synchronous Rectifier section gives a brief introduction to the LM5160-Q1 diode emulation feature. The
FPWM pin allows the power supply designer to select either CCM or DCM operation at light loads. When FPWM
is connected to ground or left floating (FPWM = 0), a pulse-skipping mode and a zero-cross current detector
circuit are enabled. The zero-cross detector turns off the low-side FET when the inductor current falls to zero (I,
see Electrical Characteristics). This feature allows the LM5160-Q1 regulator to operate in DCM mode at light
loads. In the DCM state, the switching frequency decreases with lighter loads.

If FPWM is pulled high (FPWM connected to VCC), the LM5160-Q1 operates in CCM even at light loads. This
option allows the synchronous rectifier FET to conduct until the start of the next high-side switch cycle. The
inductor current drops to zero and then reverse direction (negative direction through inductor), passing from drain
to source of the low-side FET. The current flows continuously until the FB comparator initiates another high-side
switch on-time. CCM operation reduces efficiency at light load but improves the transient response to step load
changes and provides nearly constant switching frequency.

Table 1. FPWM Pin Mode Summary

FPWM PIN CONNECTION LOGIC STAGE DESCRIPTION
GND or Floating (High 2) 0 E;%EPWM pin is grounded or left floating. DCM enabled at light
v 1 The FPWM pin is connected to VCC. The LM5160-Q1 then
cc operates in CCM mode at light loads.

7.4.2 Undervoltage Detector

The following table summarizes the dual threshold levels of the undervoltage lockout (EN/UVLO) circuit
explained in Enable / Undervoltage Lockout (EN/UVLO).

Table 2. UVLO Pin Mode Summary

EQ',%JE/TLEGF;N VCC REGULATOR MODE DESCRIPTION
<035V Off Shutdown ;/Igg r;ng#ISaﬁg fﬂ,??g_'ed' High-side and low-
0.35Vto1l.24V on Standby ;/Ig(ce r':elgglsa;c;;;bnlzzlled. High-side and low-
sandby | (68 B Geabted,
Vee > Vecwy) Operating V¢ regulator enabled. Switching enabled.

If input UVLO is not required, EN/UVLO can be driven by a logic signal as an enable input or connected directly
to VIN. If EN/UVLO is directly connected to VIN, the regulator begins switching when Vccuy) = 3.98 V (typical) is
satisfied.

14 Copyright © 2015-2018, Texas Instruments Incorporated
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The LM5160-Q1 is a synchronous buck or Fly-Buck DC/DC converter designed to operate over wide input
voltage and output current ranges. LM5160-Q1 quick-start calculator tools are available for download to design a
single-output synchronous buck converter or an isolated dual-output Fly-Buck converter. For a detailed design
guide of the Fly-Buck converter, refer to AN-2292 Designing an Isolated Buck (Fly-Buck) Converter application
report (SNVAG674). Alternatively, use online WEBENCH software to create a complete buck or Fly-Buck design
and generate the bill of materials, estimated efficiency, solution size and cost of the complete solution.

Typical Applications describes a few application circuits using the LM5160-Q1 with detailed, step-by-step design
procedures.

8.1.1 Ripple Configuration

The LM5160-Q1 uses an adaptive constant on-time (COT) control scheme in which the PWM on-time is set by a
one-shot timer and the off-time is set by the feedback voltage (Vgg) falling below the reference voltage.
Therefore, for stable operation, the feedback voltage must decrease monotonically in phase with the inductor
current during the off-time. Furthermore, this change in feedback voltage (Vgg) during the off-time must be large
enough to dominate any noise present at the feedback node.

Table 3 presents three different methods for generating appropriate voltage ripple at the feedback node. Type 1
and Type 2 ripple circuits couple the ripple from the output of the converter to the feedback node (FB). The
output voltage ripple has two components:

1. Capacitive ripple caused by the inductor ripple current charging or discharging the output capacitor.

2. Resistive ripple caused by the inductor ripple current flowing through the ESR of the output capacitor and
R3.

Table 3. Ripple Configurations

TYPE 1 TYPE 2 TYPE 3
Lowest Cost Reduced Ripple Minimum Ripple

Vout Vout

To FB

GND
Cir 2 : (Vi min = Vo) X T,
R, > 25MVxVo Fow * (Rega IRrgy) RyC, < Ltimin = Y0 ToN@ )
Vrer X AlL1, min (6) R, > 25mV 25mvV @®
AIL], min (7)
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The capacitive ripple is out-of-phase with the inductor current. As a result, the capacitive ripple does not
decrease monotonically during the off-time. The resistive ripple is in phase with the inductor current and
decreases monotonically during the off-time. The resistive ripple must exceed the capacitive ripple at output
(Vout) for stable operation. If this condition is not satisfied, unstable switching behavior is observed in COT
converters with multiple on-time bursts in close succession followed by a long off-time.

Type 3 ripple method uses a ripple injection circuit with R,, Ca and the switch-node (SW) voltage to generate a
triangular ramp. This ramp is then AC-coupled into the feedback node (FB) using coupling capacitor Cgz. Because
this circuit does not use the output voltage ripple, it is suited for applications where low output voltage ripple is
imperative. For more information on each ripple generation method, refer to the AN-1481 Controlling Output
Ripple & Achiev ESR Indep Constant On-Time Regulator Designs application note.

8.2 Typical Applications

For step-by-step design procedure, circuit schematics, bill of materials, PCB files, simulation and test results of
TI n an LM5160-powered implementation, refer to Wide-Input Isolated IGBT Gate-Drive Fly-Buck Power Supply for
s Three-Phase Inverters reference design.

8.2.1 LM5160-Q1 Synchronous Buck (10-V to 60-V Input, 5-V Output, 1.5-A Load)

A typical application example is a synchronous buck converter operating from a wide input voltage range of 10 V
to 65 V and providing a stable 5-V output voltage with output current capability of 1.5 A. Figure 19 shows the
complete schematic for a typical synchronous buck application circuit. The components are labeled by numbers
instead of the descriptive name used in the previous sections. For example, R3 represents Rqy and so forth.

- . — VIN 5 |
o — Y
il | LR T 1eaK . — JOUT
> c clo €2 ¥k Tegk , * T .
o | &F 2F L N T T . RS IH.-’ ;
I ; § CE 3 L Jz
FPWM Rd AT - L
VIN 10 - 60VDC o 55 i | J [ A0
L | VO — DNE ONE .
] I c? .
0.022uF o -i‘,\[‘,',zl',j' Rk 1 one [ YOUT SVDC @ 1.54
| mn B | hl ——CB  ——CB
- | | iWF | 10F
—cs
| 1pF
L6
e 2,00k
8.2k

iND GiMT D GiNI GNI KD

Figure 19. LM5160-Q1 Synchronous Buck Application Circuit

NOTE
This and subsequent design examples are provided herein to showcase the LM5160-Q1
converter in several different applications. Depending on the source impedance of the
input supply bus, an electrolytic capacitor may be required at the input to ensure stability,
particularly at low input voltage and high output current operating conditions. See Power
Supply Recommendations for more detalil.
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8.2.1.1 Design Requirements
Table 4 summarizes the operating parameters:

Table 4. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 10Vto 65V
Output 5V
Load current 15A
Nominal switching frequency 300 kHz
Light-load operating mode CCM, FPWM = VCC

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the LM5160-Q1 device with the WEBENCH® Power Designer.
1. Start by entering the input voltage (V|y), output voltage (Voyt), and output current (Igyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance

e Run thermal simulations to understand board thermal performance

» Export customized schematic and layout into popular CAD formats

» Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.

8.2.1.2.2 Feedback Resistor Divider - Regy, Rego

With the required output voltage setpoint at 5 V and Vg = 2 V (typical), calculate the ratio of R6 (Rggp) to R5
(Reg2) using Equation 9.

Ress _ Vour _4

Rre:r  Vrer 9)
The resistor ratio calculates to be 3:2. Choose standard values of R6 (Rgg1) = 2 kQ and R5 (Rpg, ) = 3.01 kQ.
Higher or lower values can be used as long as a ratio of the 3:2 is maintained.

8.2.1.2.3 Switching Frequency - Rpy

The duty cycle required to maintain output regulation at the minimum input voltage restricts the maximum
switching frequency of the LM5160-Q1. The maximum value of the minimum forced off-time, Topg min, limits the
duty cycle and therefore the switching frequency. Calculate the maximum frequency that avoids output dropout at
minimum input voltage using Equation 10.

VIN, min — VOUT

Fow, max (@ Vig min) =
max( IN, mm) V|N,min XTOFF,min (ns) (10)

For this design example, the maximum frequency based on the minimum off-time limitation of Torg min (typical) =
170 ns is calculated as Fswmax@vinminy = 2.9 MHz. This value is well above 1 MHz, the maximum possible
operating frequency of the LM5160-QL1.

At maximum input voltage the maximum switching frequency of the LM5160-Q1 is restricted by the minimum on-
time, Tonmin Which limits the minimum duty cycle of the converter. Calculate the maximum frequency at
maximum input voltage using Equation 11.
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FSW @V, )= VOUT
,max max
. VIN, max X% TON, min (I’IS) (11)
Using Equation 11 and Toymin (typical) = 150 ns, the maximum achievable switching frequency is

Fsw.max@vinminy = 514 kHz. Taking this value as the maximum possible switching frequency over the input
voltage range for this application, choose a nominal switching frequency of Fg, = 300 kHz for this design. The
value of resistor Rgy sets the nominal switching frequency based on Equation 12.

_ VOUT

R = JUl
ON FSW x 1x 10_10 (12)

For this particular application with Fgy = 300 kHz, Rpy calculates to be 167 kQ. Selecting a standard value for
R3 (Ron) = 169 kQ (£1%) results in a nominal frequency of 296 kHz. The resistor value may need to adjusted
further in order to achieve the required switching frequency as the switching frequency in COT converters varies
slightly (£10%) with input voltage and/or output current. Operation at a lower nominal switching frequency results
in higher efficiency but increases the inductor and capacitor values leading to a larger total solution size.

8.2.1.2.4 Inductor - L

Select the inductor to limit the inductor ripple current between 20 and 40 percent of the maximum load current.
Calculate the minimum value of the inductance required in this application from Equation 13.

VO x (VIN,max - VO)

VIN, max % I:SW XlO, max X 0.4 (13)

L =

min

Based on Equation 13, determine the minimum value of the inductance as 26 pH for V,y = 65 V (maximum) and
inductor ripple current equal to 40 percent of the maximum load current. Allowing some margin for inductance
variation with current, select a higher standard value of L1 (L) = 47 uH for this design.

The peak inductor current at maximum load must be smaller than the minimum current limit threshold of the high-
side FET, as given in Electrical Characteristics table. Determine the inductor ripple current at any input voltage
using Equation 14.

Vo x(Min — Vo)

AIL =
Vin xFsw L (14)

Calculate the peak-to-peak inductor ripple current as 180 mA and 332 mA at the minimum and maximum input
voltages, respectively. Determine the maximum peak inductor current in the buck FET using Equation 15.

| -1 AIL,max
L(peak) ~ 'O, max +T (15)
In this design with an output current of 1.5 A, the maximum peak inductor current is calculated to be
approximately 1.67 A, which is less than the high-side FET minimum current limit threshold.

The saturation current of the inductor must also be carefully considered. The peak value of the inductor current is
bound by the high-side FET current limit during overload or short circuit conditions. Based on the high-side FET
current limit specification in Electrical Characteristics, select an inductor with saturation current rating above
2.875 A.

8.2.1.2.5 Output Capacitor - Coyr

Select the output capacitor to limit the capacitive ripple at the output of the regulator. Maximum capacitive ripple
is observed at maximum input voltage. The output capacitance required for a ripple voltage AV, across the
capacitor is given by Equation 16.

AIL, max

Cour =
8xFgy x AVq, ripple (16)

Substituting AVg, yippie = 10 mV gives Coyr = 14 puF. Two standard 10-pF ceramic capacitors in parallel (C8, C9)
are selected. An X7R type capacitor with a voltage rating 16 V or higher must be used for Coyr (C8, C9) to limit
the reduction of capacitance due to DC bias voltage.
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8.2.1.2.6 Series Ripple Resistor - Rggr

Select the series resistor such that sufficient ripple is injected at the feedback node (FB). The ripple voltage
produced by Rggg is proportional to the inductor ripple current. Therefore, select Rggg based on the lowest
inductor ripple current occurring at minimum input voltage. Calculate Rgsg usingEquation 17.

25mV x Vg
Vrer X Al min a7

With Vo = 5V, Vggr = 2 V and Al yin = 180 mA (at Vi\, min= 10 V) as calculated in Equation 14, Equation 17
requires an Rgsg greater than or equal to 0.35 Q. Selecting R7 (Rgsg) = 0.47 Q results in approximately 150 mV
of maximum output voltage ripple at Viy max. FOr applications requiring lower output voltage ripple, use Type Il or
Type lll ripple injection circuits as described in Ripple Configuration.

Resr 2

8.2.1.2.7 VCC and Bootstrap Capacitors - Cycc, Cgst

The VCC capacitor charges the bootstrap capacitor during the off-time of the high-side switch and powers
internal logic circuits and the low-side sync FET gate driver. The bootstrap capacitor biases the high-side gate
driver during the high-side FET on-time. Recommended values for C5 (Cycc) and C4 (Cggy) are 1 pF and 10 nF,
respectively. Both must be high-quality X7R ceramic capacitors.

8.2.1.2.8 Input Capacitor - Cy

The input capacitor must be large enough to limit the input voltage ripple to an acceptable level. Equation 18
provides the input capacitance Cyy required for a worst-case input ripple of AV ipple-

lo, xD x (1-D)
CIN _ max

AVI N, ripple X I:SW (18)

Cinv (C1, C10) supplies most of the switch current during the on-time to limit the voltage ripple at the VIN pin. At
maximum load current, when the buck switch turns on, the current into the VIN pin quickly increases to the valley
current of the inductor ripple and then ramps up to the peak of the inductor ripple during the on-time of the high-
side FET. The average current during the on-time is the output load current. For a worst-case calculation, Cy
must supply this average load current during the maximum on-time, without letting the voltage at VIN drop more
than the desired input ripple. For this design, the input voltage drop is limited to 0.5 V and the value of Cy is
calculated using Equation 18.

Based on Equation 18, the value of the input capacitor is determined as approximately 2.5 pF at D = 0.5. Taking
into account the decrease in capacitance with applied voltage, two standard value 2.2-uF, 100-V, X7R ceramic
capacitors are selected for C1 and C10. The input capacitors must be rated for the maximum input voltage under
all operating and transient conditions.

A third input capacitor C2 may be needed in this design as a bypass path for the high-frequency components of
input switching current. The value of C2 is 0.1 pF and this bypass capacitor must be placed directly across VIN
and PGND (pins 3 and 2) near the IC. The Cj values and location are critical to reducing switching noise and
transients.

8.2.1.2.9 Soft-Start Capacitor - Cgg

The capacitor at the SS pin determines the soft-start time, that is, the time for the output voltage to reach its final
steady-state value. Determine the SS capacitor value from Equation 19:

_ ISS x TStartup
ssT
Vss (19)
With C3 (Csg) set at 22 nF and Vgs = 2V, Iss = 10 YA, Tsiamyp IS approximately 4 ms.

8.2.1.2.10 EN/UVLO Resistors - Ryy1, Ruyvz

The UVLO resistors R1 (Ryy,) and R2 (Ryy;) set the input undervoltage lockout threshold and hysteresis
according to Equation 20 and Equation 21.

VinHYs) = luvLorys) X Ruvz (20)
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Ruvz
ViN,uvLO(rising) = YUVLO(TH) (1+ R
uv1 (21)

From the Electrical Characteristics table, lyyorys) = 20 HA (typical). To design for a V) rising threshold (Vy,
uvLogising)) Of 10 V and hysteresis of 2.5 V, Equation 20 and Equation 21 yield Ryy; = 17.98 kQ and Ryy, = 125
kQ. Selecting 1% standard values of R2 (Ryy1) = 18.2 kQ and R1 (Ryy,) = 127 kQ result in UVLO rising
threshold and hysteresis voltages of 9.89 V and 2.54 V, respectively.

8.2.1.3 Application Curves

5.025 100
90
5.015 80 ? il
E 70
% 5.005 € 60 |—
8 >
S é 50
g 4.995 % 40
5 , 30
o Vin =12V Vin =12V
4.985 Vin = 24V 20 Vin = 24V
10
Vin = 48V Vin = 48V
4.975 0
0.00 0.25 0.50 0.75 1.00 1.25 1.50 0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75
Load Current (A) Load Current (A)
Figure 20. Load Regulation Figure 21. Efficiency vs loyt
Vi (10 Vidiv)y T Vin (20 V/div)
EN/UVLO (5 V/div) EN/UVLO (5 V/div)
e | { B
} Vour (2 Vidiv)- - .’[ . L l
Vss (1 V/div) / ; l 5
Vour (2 Vidiv) / | N K |- ~ Vss (1 Vidiv)
Time = 2ms/div Time = 2ms/div
Figure 22. EN/UVLO Start-Up at Vy=24 Vand lgyr=1A Figure 23. Prebias Start-Up at V|\=48 V and R pap =3 Q
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8.2.2 LM5160-Q1 Isolated Fly-Buck (18-V to 32-V Input, 12-V, 4.5-W Isolated Output)

/\ For technical solutions, industry trends, and insights for designing and managing power supplies, please refer to TI's
Power House blog series.
o]

Below is an application example of an isolated Fly-Buck converter that operates over an input voltage range of
18 V to 32 V. It provides a stable 12-V isolated output voltage with an output power capability of 4.5 W. Figure 28
shows the complete schematic of the Fly-Buck application circuit.
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Figure 28. LM5160-Q1 12-V, 4.5-W Fly-Buck Converter Schematic

8.2.2.1 LM5160-Q1 Fly-Buck Design Requirements

This LM5160-Q1 Fly-Buck application example is designed to operate from a 24-V DC supply with line variations
from 18 V to 32 V. The example provides a space-optimized and efficient 12-V isolated output solution with
secondary load current capability from 0 mA to 400 mA. The primary side remains unloaded in this application.
The switching frequency is set at 300 kHz (nominal). This design achieves greater than 88% peak efficiency.

Table 5. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Input voltage range 18Vto32V
Isolated output 12V
Isolated load current range 0 mA to 400 mA
Nominal switching frequency 300 kHz
Peak Efficiency 88%

8.2.2.2 Detailed Design Procedure

The Fly-Buck converter design procedure closely follows the buck converter design outlined in LM5160-Q1
Synchronous Buck (10-V to 60-V Input, 5-V Output, 1.5-A Load). The selection of primary output voltage,
transformer turns ratio, rectifier diode, and output capacitors are covered here.

8.2.2.2.1 Selection of Vgyr; and Turns Ratio

The primary-side output voltage of a Fly-Buck converter must be no more than one half of the minimum input
voltage. For a minimum V,y of 18 V, the primary output voltage (Voyt) must be no higher than 9 V. To generate
an isolated output voltage of Voyrso) = 12 V, a transformer turns ratio of 1 : 1.5 (N1 : N2) is selected. Using this
turns ratio, calculate the required primary output voltage Vot using Equation 22.
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V, +0.7V
OUT(ISO) _847V
15 (22)
The 0.7 V subtracted from Voyrgsoy represents the forward voltage drop of the secondary rectifier diode. Fine

tuning the primary side Vg1 may be required to account for voltage errors due to the leakage inductance of the
transformer and the resistance of the transformer windings and the low-side MOSFET of the LM5160-Q1.

VOUT =

8.2.2.2.2 Secondary Rectifier Diode

The secondary rectifier diode must block the maximum input voltage multiplied by the transformer turns ratio.
Determine the minimum diode reverse voltage Vgioge) rating from Equation 23.

N2
VR(diode) = VIN(max) X m + VOUT(|SO) =32Vx15+12V =60V (23)

Select a diode with 60 V or higher reverse voltage rating for this application. If the input voltage (V,y) has
transients above the normal operating maximum input voltage of 32 V, then the worst-case transient input
voltage must be used in the diode voltage calculation given by Equation 23.

8.2.2.2.3 External Ripple Circuit

A Type 3 ripple circuit is required for Fly-Buck converter applications. The design procedure for ripple
components is identical to that in a buck converter. See Ripple Configuration for ripple design information.

8.2.2.2.4 Output Capacitor - Coyts

The Fly-Buck output capacitor conducts higher ripple current than a buck converter output capacitor. Calculate
the capacitive ripple for the isolated output capacitor based on the time the rectifier diode is off. During this time
the entire output current is supplied by the output capacitor. Calculate the required capacitance for a worst-case
Vour2 (Voutaso)) ripple voltage using Equation 24.

c _lourz | Voun |, 1
ouT2 =y v f
ouT2 {_ VIN(MIN) sw
where
e  AVgur is the target ripple at the secondary output. (24)

Equation 24 is an approximation and ignores the ripple components associated with ESR and ESL of the output
capacitor. For a AVgyt2 = 100 mV, Equation 24 requires Coute = 6.5 UF. When selecting a ceramic capacitor,
consider its voltage coefficient to ensure sufficient capacitance at the output voltage operating point.

8.2.2.3 Application Curves

14 100
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g 12 — /? —
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5 \\ —
g — 7
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g 2 70
»n 10 w
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Vin = 32V Vin=32V
8 - 50
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.4 0.2 0.3 0.4 0.5
Secondary Load Current (A) Secondary Load Currant (A)
Figure 29. Load Regulation Figure 30. Efficiency vs loyr2
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Figure 34. Secondary Short at loyt, = 600mA
and lout1 = 200mA

8.3 Do's and Don'ts

As mentioned earlier in Soft Start, the SS capacitor Cgg must always be more than 1 nF in both buck and Fly-
Buck converter applications. Apart from determining the start-up time, this capacitor serves as the external
compensation of the internal Gy, error amplifier. A minimum value of 1 nF is necessary to maintain stability. The

SS pin must not be left floating.

The VCC pin of the LM5160-Q1 must not be biased with an external voltage source. When an improved
efficiency requirement warrants an external V¢ bias, the LM5160A must be used.

24
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9 Power Supply Recommendations

The LM5160-Q1 DC/DC converter is designed to operate from a wide input voltage range of 4.5V to 65 V. The
characteristics of the input supply must be compatible with the Absolute Maximum Ratings and Recommended
Operating Conditions tables. In addition, the input supply must be capable of delivering the required input current
to the fully-loaded regulator. Estimate the average input current with Equation 25.

I:)OUT

_VIN'77

IIN

where
« nis the efficiency (25)

If the regulator is connected to an input supply through long wires or PCB traces with a large impedance, take
special care to achieve stable performance. The parasitic inductance and resistance of the input cables may
have an adverse affect on converter operation, particularly during operation at low input voltage. The parasitic
inductance in combination with the low-ESR ceramic input capacitors form an underdamped resonant circuit.
This circuit can cause overvoltage transients at VIN each time the input supply is cycled on and off. The parasitic
resistance causes the input voltage to dip during a load transient. The best way to solve such issues is to reduce
the distance from the input supply to the regulator and use an aluminum or tantalum input capacitor in parallel
with the ceramics. The moderate ESR of the electrolytic capacitors helps to damp the input resonant circuit and
reduce any voltage overshoots. A capacitance in the range of 10 pF to 47 pF is usually sufficient to provide input
parallel damping and helps to hold the input voltage steady during large load transients.

An EMI input filter is often used in front of the regulator that, unless carefully designed, can lead to instability as
well as some of the effects mentioned above. The application report Simple Success with Conducted EMI for
DC-DC Converters (SNVA489) provides helpful suggestions when designing an input filter for any switching
regulator.
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10 Layout

10.1 Layout Guidelines

A proper layout is essential for optimum performance of the circuit. In particular, observe the following guidelines:

Cin: The loop consisting of input capacitor (Cyy), VIN pin and PGND pin carries the switching current. The
input capacitor must be placed close to the IC, directly across VIN and PGND pins, and the connections to
these two pins must be direct to minimize the switching power loop area. In general, it is not possible to place
all of input capacitances near the IC. A good layout practice includes placing the bulk capacitor(s) as close as
possible to the VIN pin (see Figure 35). A bypass capacitor measuring 0.1 pF must be placed directly across
VIN and PGND (pin 3 and 2, respectively), as close as possible to the IC while complying with all layout
design rules.

Cyvcc and Cggr: The VCC and bootstrap (BST) bypass capacitors supply switching currents to the high-side
and low-side gate drivers. These two capacitors must also be placed as close to the IC as possible, and the
connecting trace length and loop area must be minimized (see Figure 35).

The feedback trace carries the output voltage information and a small ripple component that is necessary for
proper operation of the LM5160-Q1. Therefore, take care while routing the feedback trace to avoid coupling
any noise into this pin. In particular, the feedback trace must be short and not run close to magnetic
components, or parallel to any other switching trace.

SW trace: The SW node switches rapidly between VIN and GND every cycle and is therefore a source of
noise. The SW node copper area must be minimized. In particular, the SW node must not be inadvertently
connected to a copper plane or pour.

10.2 Layout Example

Vin °

r ]r wj--..._.-i _____

CIN CIN

o LM5160

RUNLOL | THERMAL
------- : PAD

Figure 35. Placement of Bypass Capacitors
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

LM5160QPWPQ1 Active Production HTSSOP (PWP) | 14 94 | TUBE Yes SN Level-3-260C-168 HR -40 to 125 5160
QPWPQ1

LM5160QPWPQ1.A Active Production HTSSOP (PWP) | 14 94 | TUBE Yes SN Level-3-260C-168 HR -40 to 125 5160
QPWPQ1

LM5160QPWPRQ1 Active Production HTSSOP (PWP) | 14 2500 | LARGE T&R Yes SN Level-3-260C-168 HR -40 to 125 5160
QPWPQ1

LM5160QPWPRQ1.A Active Production HTSSOP (PWP) | 14 2500 | LARGE T&R Yes SN Level-3-260C-168 HR -40 to 125 5160
QPWPQ1

LM5160QPWPTQ1 Active Production HTSSOP (PWP) | 14 250 | SMALL T&R Yes SN Level-3-260C-168 HR -40to 125 5160
QPWPQ1

LM5160QPWPTQ1.A Active Production HTSSOP (PWP) | 14 250 | SMALL T&R Yes SN Level-3-260C-168 HR -40 to 125 5160
QPWPQ1

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.
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Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF LM5160-Q1 :

o Catalog : LM5160

NOTE: Qualified Version Definitions:

¢ Catalog - TI's standard catalog product
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www.ti.com 31-Jul-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
L |+ KO |4 P1—»]
DO OO0 OO T
o| |e o Bo W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LM5160QPWPRQ1 HTSSOP| PWP 14 2500 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
LM5160QPWPTQ1 HTSSOP| PWP 14 250 177.8 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 31-Jul-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM5160QPWPRQ1 HTSSOP PWP 14 2500 356.0 356.0 36.0
LM5160QPWPTQ1 HTSSOP PWP 14 250 208.0 191.0 35.0

Pack Materials-Page 2
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
LM5160QPWPQ1 PWP HTSSOP 14 94 495 8 2514.6 4.06
LM5160QPWPQ1.A PWP HTSSOP 14 94 495 8 2514.6 4.06

Pack Materials-Page 3
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PACKAGE OUTLINE
PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

SEATING PLANE

—

— 12x[ 065

0.19

(4 [0.1@ [c[a][8]

./V‘ \ -
[ [ A
/e NSt
\_\ /\ \ﬂ
SEE DETAIL A (0.15) TYP
4% (0.2) _
NOTE 5 W r ﬁé(TOEOE? )
7 — ‘ ‘ﬁf m—
THERMAL
= =g -
—]
3255 — 15 ] I GAGE PLANE —{
3.205 1.2 MAX
— — e
—] I
0-8° F L0-15
Y — m— 0.75 0.05
J %0 | 4] DETAILA
3155 TYPICAL
3.105

4214867/A 09/2016

NOTES:

=

[S11 =N w N

PowerPAD is a trademark of Texas Instruments.

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.
. Reference JEDEC registration MO-153.
. Features may differ and may not be present.
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EXAMPLE BOARD LAYOUT
PWPO0O014A PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

SOLDER MASK
‘7(3-155)4’/DEFINED PAD

SEE DETAILS

(1.1)
TYP
- 3.255
TG
NOTE 9
12X (0.65)
T
©@0.2) TYP (R0.05) TYP

VIA

METAL COVERED e (59 -]

BY SOLDER MASK

LAND PATTERN EXAMPLE
SCALE:10X

METAL UNDER SOLDER MASK

SOLDER MASK
OPENING \ /METAL SOLDER MASK\ fOPENING
' ' )
|
l | e ‘
‘—J_i 0.05 MAX ‘—1&0.05 MIN

ALL AROUND ALL AROUND

SOLDER MASK

NON SOLDER MASK DEFINED

DEFINED

SOLDER MASK DETAILS
PADS 1-14

4214867/A 09/2016

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMA002 (www.ti.com/lit/slma002) and SLMA004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
PWPO0O014A PowerPAD™ TSSOP - 1.2 mm max height

PLASTIC SMALL OUTLINE

[~——— (3.155)
BASED ON
0.125 THICK

14X (1.5) STENCIL
| | (R0.05) TYP
[ t
14

L

|
|

|
|

|
|

|
|
! I

|
|

|
|

|
|

|
|

|
|

|
|

|
|
| I
|

- A -

—-FF-—-}te-—e—-e1
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|
|

|

|
|

15 (3.255)
S\((LMM I BASED ON
0.125 THICK
. = — |
0 =y —
7
| |

)
METAL COVERED/ . SEE TABLE FOR

‘ DIFFERENT OPENINGS
BY SOLDER MASK FOR OTHER STENCIL
L— 58) —J THICKNESSES

SOLDER PASTE EXAMPLE
EXPOSED PAD
100% PRINTED SOLDER COVERAGE BY AREA

SCALE:10X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 3.53 X 3.64
0.125 3.155 X 3.255 (SHOWN)
0.15 2.88 X 2.97
0.175 2.67 X 2.75

4214867/A 09/2016

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
11. Board assembly site may have different recommendations for stencil design.
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