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LM5121/-Q1 Wide Input Synchronous Boost Controller with Disconnection Switch Control

1 Features

AEC-Q100 Qualified with the following results:

— Device Temperature Grade 1: -40°C to +125°C

Ambient Operating Temperature Range
— Device HBM ESD Classification Level 2
— Device CDM ESD Classification Level C6
Maximum Input Voltage: 65 V
Min Input Voltage: 3.0 V (4.5 V for startup)
Output Voltage Up to 100 V
Bypass (Vout = Vin) Operation
1.2-V Reference with +1.0% Accuracy
Free-Run/Synchronizable up to 1 MHz
Peak Current Mode Control
Robust Integrated 3-A Gate Drivers
Adaptive Dead-Time Control
Optional Diode Emulation Mode
Programmable Cycle-by-Cycle Current Limit
Programmable Line UVLO
Programmable Soft-Start
Thermal Shutdown Protection
Low Shutdown Quiescent Current; 9 pA
Programmable Slope Compensation

Programmable Skip Cycle Mode Reduces
Standby Power

Supports External VCC Bias Supply Option

Load Disconnection in Shutdown Mode (True
Shutdown)

Inrush Current Limiting

Hiccup Mode Short Circuit/Overload Protection
Circuit Breaker Function

Capable of Input Transient Suppression
Capable of Reverse Battery Protection
Thermally Enhanced 20-Pin HTSSOP

2 Applications

e 12-V, 24-V, and 48-V Power Systems
» Automotive Start-Stop

» High Current Boost Power Supply

» Battery Powered System

3 Description

The LM5121 is a synchronous boost controller
intended for high-efficiency, high-power boost
regulator applications. The control method is based
upon peak current mode control. Current mode
control provides inherent line feed-forward, cycle-by-
cycle current limiting and ease of loop compensation.

The switching frequency is programmable up to 1
MHz. Higher efficiency is achieved using two robust
N-channel MOSFET gate drivers with adaptive dead-
time control. A user-selectable diode emulation mode
enables discontinuous mode operation for improved
efficiency at light load conditions.

The LM5121 provides disconnection switch control
which completely disconnects the output from the
input during an output short or a shutdown condition.
During start-up sequence, inrush current is limited by
the disconnection switch control.

An internal charge pump allows 100% duty cycle
operation of the high-side synchronous switch
(Bypass operation). Additional features include
thermal shutdown, frequency synchronization, hiccup
mode current limit and adjustable line undervoltage
lockout.

Device Information®

PART NUMBER | PACKAGE BODY SIZE (NOM)
LM5121
HTSSOP (20) 6.50 mm x 4.40 mm
LM5121-Q1

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Simplified Application Diagram
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5 Pin Configuration and Functions
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Pin Functions

PIN

NAME

NO.

/o

DESCRIPTION

AGND

Analog ground connection. Return for the internal voltage reference and analog circuits.

BST

20

P/l

High-side driver supply for bootstrap gate drive. Connect to the cathode of the external bootstrap

diode and to the bootstrap capacitor. The bootstrap capacitor supplies current to charge the high-
side N-channel MOSFET gate and should be placed as close to controller as possible. An internal
BST charge pump will supply 200 pA current into bootstrap capacitor for bypass operation.

COMP

11

Output of the internal error amplifier. The loop compensation network should be connected between
this pin and the FB pin.

CSN

Inverting input of current sense amplifier. Connect to the negative-side of the current sense resistor.

CSP

Non-inverting input of current sense amplifier. Connect to the positive-side of the current sense
resistor.

DG

Disconnection switch control pin. Connect to the gate terminal of the N-channel MOSFET
disconnection switch.

DS

110

Source connection of N-channel MOSFET disconnection switch. Connect to the source terminal of
the disconnection switch, the cathode terminal of the freewheeling diode and the supply input of
boost inductor.

EP

EP

N/A

Exposed pad of the package. No internal electrical connections. Should be soldered to the large
ground plane to reduce thermal resistance.

FB

10

Feedback. Inverting input of the internal error amplifier. A resistor divider from the output to this pin
sets the output voltage level. The regulation threshold at the FB pinis 1.2 V.

HO

19

High-side N-channel MOSFET gate drive output. Connect to the gate of the high-side synchronous
N-channel MOSFET switch through a short, low inductance path.

LO

16

Low-side N-channel MOSFET gate drive output. Connect to the gate of the low-side N-channel
MOSFET switch through a short, low inductance path.

MODE

13

Switching mode selection pin. Internal 700 kQ pull-up and 100 kQ pull-down resistor hold MODE pin
to 0.15 V as a default. By adding external pull-up or pull-down resistor, MODE pin voltage can be
programmed. When MODE pin voltage is greater than 1.2 V, diode emulation mode threshold,
forced PWM mode is enabled, allowing current to flow in either direction through the high-side N-
channel MOSFET switch. When MODE pin voltage is less than 1.2 V, the controller works in diode
emulation mode. Skip cycle comparator is activated as a default condition when the MODE pin is
left floating. If the MODE pin is grounded, the controller still operates in diode emulation mode, but
the skip cycle comparator will not be triggered in normal operation, this enables pulse skipping
operation at light load.

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

Copyright © 2013-2016, Texas Instruments Incorporated
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Pin Functions (continued)

PIN
NAME NO.

/o

DESCRIPTION

PGND 15 G

Power ground connection pin for low-side N-channel MOSFET gate driver. Connect directly to the
source terminal of the low-side N-channel MOSFET switch.

The restart timer pin for an external capacitor that configures hiccup mode off-time and restart delay

RES 14 (0] during over load conditions and hiccup mode short circuit protection. Connect directly to the AGND

when hiccup mode operation is not required.

SLOPE 12 | Slope compensation is programmed by an external resistor between SLOPE and the AGND.

SS 7 |

Soft-start programming pin. An external capacitor and an internal 10 pA current source set the ramp
rate of the internal error amplifier reference during soft-start.

Switching node of the boost regulator. Connect to the bootstrap capacitor, the source terminal of the

SwW 18 1/0 high-side N-channel MOSFET switch and the drain terminal of the low-side N-channel MOSFET

switch through short, low inductance paths.

SYNCIN/RT 8 |

The internal oscillator frequency is programmed by an external resistor between RT and the AGND.
The internal oscillator can be synchronized to an external clock by applying a positive pulse signal
into this pin. The recommended maximum internal oscillator frequency is 2 MHz which leads to 1
MHz maximum switching frequency.

UvLO 6 |

Undervoltage lockout programming pin. If the UVLO pin is below 0.4 V, the regulator is in the
shutdown mode with all functions disabled. If the UVLO pin voltage is greater than 0.4 V and below
1.2V, the regulator is in standby mode with the VCC regulator operational and no switching at the
HO and LO outputs. If the UVLO pin voltage is above 1.2 V, the startup sequence begins. A 10 pA
current source at UVLO pin is enabled when UVLO exceeds 1.2 V and flows through the external
UVLO resistors to provide hysteresis. The UVLO pin should not be left floating.

VCC 17 P/O/

VCC bias supply pin. Locally decouple to PGND using a low ESR/ESL capacitor located as close to
controller as possible.

VIN 5 P/l

Supply voltage input source for the VCC regulator. Connect to the input capacitor and source power
supply connection with short, low impedance paths.

6 Specifications

6.1 Absolute Maximum Ratings®

Over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
VIN, CSP, CSN -0.3 75
BST to SW, FB, MODE, UVLO, vCC® 0.3 15
Input SW -5.0 105
BST -0.3 115
SS, SLOPE, SYNCIN/RT -0.3 7
CSP to CSN, PGND -0.3 0.3 v
DG to DS -3.0 18
DG to VIN —75 15
DS -3.0 75
Output®
HO to SW -0.3 BST to SW+0.3
LO -0.3 VCC+0.3
COMP, RES -0.3 7
Thermal Junction Temperature -40 150 °C
Tstg Storage temperature range -55 150 °C

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

otherwise specified, all voltages are referenced to AGND pin.
(2) See Application Information when input supply voltage is less than the VCC voltage.
(3) All output pins are not specified to have an external voltage applied.
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6.2 ESD Ratings: LM5121

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 ™ +2
V(esp) | Electrostatic discharge g)harged device model (CDM), per JEDED specification JESD22-C101 #1 kv
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 ESD Ratings: LM5121-Q1
VALUE UNIT
Human body model (HBM), per AEC Q100-002(® +2
V(Esb) Electrostatic discharge Charged device model (CDM), per AEC | Corner pins 1 kv
Q100-011 Other pins -
(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.4 Recommended Operating Conditions®
Over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX | UNIT
Input supply voltage @ VIN 45 65
DISCOHF(IZE)CIIOH switch DG, DS 3.0 65
voltage
Low-side driver bias voltage VCC 14 v
High-side driver bias voltage BST to SW 3.8 14
Current sense common mode | CSP, CSN
range® 3.0 65
Switch node voltage SW 100
Junction temperature T; -40 125 °C

(1) Recommended Operating Conditions are conditions under which operation of the device is intended to be functional, but does not
guarantee specific performance limits.
(2) Minimum VIN operating voltage is always 4.5 V. The minimum input power supply voltage can be 3.0 V after start-up, assuming VIN
voltage is supplied from an available external source.

6.5 Thermal Information

LM5121,
LM5121-Q1
THERMAL METRIC® PWP (HTSSOP) UNIT
20 PINS
Rgia Junction-to-ambient thermal resistance (Typ.) 40 °C/W
Raic(bot) Junction-to-case (bot) thermal resistance (Typ.) 4 °C/W

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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6.6 Electrical Characteristics

Unless otherwise specified, these specifications apply for —40°C < T; £ +125°C, Vyy = 12 V, Vycc = 8.3V, Ry =20 kQ, no
load on LO and HO. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for reference

purposes only.

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
VIN SUPPLY
Ishutoown  VIN shutdown current Vuvio =0V 9 17 HA
Igias VIN operati_ng current (exclude the current | Vyyio = 2 V, non-switching 4 51 mA
into RT resistor)
VCC REGULATOR
Vecreg)y  VCC regulation No load 6.9 7.6 8.3
Vyin = 4.5V, no external load 0.25 \%
VCC dropout (VIN to VCC)
Vyin = 4.5V, lycc =25 mA 0.28 0.5
VCC sourcing current limit Vycc =0V 50 62
ec i\r/](ti)CRqrp?ézit;r:gr)current (exclude the current | Vvcc =83V 35 S| mA
Vyec =12V 45 8
VCC rising, Vyy =45V 3.9 4.0 4.1
VCC undervoltage threshold -
VCC falling, Vyy =45V 3.7 \%
VCC undervoltage hysteresis 0.385
UNDERVOLTAGE LOCKOUT
UVLO threshold UVLO rising 1.17 1.20 1.23 \%
UVLO hysteresis current Vuwio =14V 7 10 13 HA
UVLO standby threshold UVLO rising 0.3 0.4 0.5 v
UVLO standby hysteresis 0.1 0.125
MODE
Diode emulation mode threshold MODE rising 1.20 1.24 1.28 v
Diode emulation mode hysteresis 0.1
Default MODE voltage 145 155 170 mV
. COMP rising, measured at COMP 1.290
Default skip cycle threshold - \%
COMP falling, measured at COMP 1.245
Skip cycle hysteresis Measured at COMP 40 mV
ERROR AMPLIFIER
VRer FB reference voltage Measured at FB, Veg= Vcomp 1.188 1.200 1.212 \%
FB input bias current Veg= VRer 5 nA
Vou COMP output high voltage lsource = 2MA, Vg =45V 275
Isource = 2 MA, Vycc =12V 3.40 \
VoL COMP output low voltage Isink = 2 MA 0.25
AoL DC gain 80 dB
few Unity gain bandwidth 3 MHz
OSCILLATOR
fswi Switching frequency 1 Rt =20 kQ 400 450 500 KHz
fswa Switching frequency 2 Rt =10 kQ 775 875 975
RT output voltage 1.2
RT sync rising threshold RT rising 25 2.9 \%
RT sync falling threshold RT falling 1.6 2.0
Minimum sync pulse width 100 ns
DISCONNECTION SWITCH CONTROL
Ipis- DG current source UVLO = 2V, Sourcing 25
SOURCE UA
Ipis-sINK DG current sink Inrush Control, Sinking 67

6 Submit Documentation Feedback
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Electrical Characteristics (continued)

Unless otherwise specified, these specifications apply for —40°C < T; < +125°C, Vyy = 12 V, Vycc = 8.3V, Ry = 20 kQ, no
load on LO and HO. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for reference
purposes only.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
DG discharge switch Rps.on Circuit Breaker 38 Q
DG charge pump regulation DG to VIN, No load, Vyy =45V 95 105 11.5
DG to VIN, No load, Vyjy =12 V 125 v
VGs-DET Vs detection threshold DG to DS, Rising, Vyy =12 V 4.0 5.4 6.5
Vs detection hysteresis 0.2
Transconductance gain CSP to CSN to Ipg 12 uA/mv
SLOPE COMPENSATION
SLOPE output voltage 117 1.20 1.23
RsLope = 20 kQ, fSW =100 kHz, 50%
. . duty cycle, T; = —-40°C to +125°C 1.375 1650 1.925 Vv
Vs opE Slope compensation amplitude
RSLOPE= 20 kQ, fSW: 100 kHZ, 50% 1.400 1.650 1.900
duty cycle, Ty = 25°C ) ) ’
SOFT-START
Iss.source SS current source Vgs =0V 7.5 10 12 HA
SS discharge switch Rps.on 13 Q
PWM COMPARATOR
) VVCC =55V 420 550
tLo-OFF Forced LO off-time
VVCC =45V 360 500
ns
R =20 kQ 150
toON-MIN Minimum LO on-time SLOPE
RSLOPE =200 kQ 300
T; =-40°C to +125°C 0.95 1.10 1.25
COMP to PWM voltage drop \%
T;=25°C 1.00 1.10 1.20
CURRENT SENSE / CYCLE-BY-CYCLE CURRENT LIMIT
. CSP to CSN, T; = —40°C to +125°C 65.5 75.0 87.5
VesTHL Cycle-by-cycle current limit threshold
CSP to CSN, T, = 25°C 67.0 750 86.0
Ves-tH2 —Ves-THL 5
VesTH2 Inrush current limit threshold CSP to CSN 80 110 133
VesTH3 Circuit breaker enable threshold CSP to CSN, Rising 143 160 170 mVv
Ves-ths — Ves-Th 20
VesTHa Circuit breaker disable threshold CSP to CSN, Falling 40 115 16.0
Ves. CSP to CSN, Risin 7
cszeh Zero cross detection threshold - g
CSP to CSN, Falling 0.3 6 12
Current sense amplifier gain 10 VIV
Icsp CSP input bias current 12
Icsn CSN input bias current 11 pA
Bias current matching lcsp 10 lcsn -1.75 1 3.75
CS to LO delay Current sense / current limit delay 150 ns
HICCUP MODE RESTART
VREs Restart threshold RES rising 115 1.20 1.25
RES risin 4.2
Vhce- Hiccup counter upper threshold — g
UPPER RES rising, Vyin = Vwcc = 4.5V 3.6 \%
RES fallin 215
Vhce- Hiccup counter lower threshold - g
LOWER RES falling, Vyyy = Vycc = 4.5V 1.85

Copyright © 2013-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Unless otherwise specified, these specifications apply for —40°C < T; < +125°C, Vyy = 12 V, Vycc = 8.3V, Ry = 20 kQ, no
load on LO and HO. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for reference
purposes only.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
IRES- RES current sourcel Fault-state charging current 20 30 40
SOURCEL
Ires-sinkt ~ RES current sink1 Normal-state discharging current 5
Ires- RES current source2 Hiccup mode off-time charging current 10 HA
SOURCE2
IRes-sink2 ~ RES current sink2 Hiccup mode off-time discharging 5
current
Hiccup cycle 8 Cycles
RES discharge switch Rps.on 40 Q
Ratio of hiccup mode off-time to restart
! 122
delay time
HO GATE DRIVER
VorH HO high-state voltage drop Iho =—100 MA, Voun = Vest — VHo 0.15 0.24 v
VoLn HO low-state voltage drop Iho = 100 mA, Vo = Vo — Vsw 0.1 0.18
HO rise time (10% to 90%) CLOAD =4700 pF, VgsT = 12V 25
ns
HO fall time (90% to 10%) CLOAD =4700 pF, VgsT = 12V 20
Vo =0V, Vsgw =0V, V, =45V 0.8
loHH Peak HO source current HO W BST
VHO =0V, VSW =0V, VBST =76V 1.9 A
Vo = Vest = 4.5V 1.9
loLH Peak HO sink current fo 85T
VHO = VBST =76V 3.2
IgsT BST charge pump sourcing current Vyin =Vsw=9.0V, Vst - Vs =5.0V 90 200 pA
BST to SW, lgst=—70 WA, 53 62 6.75
. VVIN - VSW =9.0V
BST charge pump regulation
BST to SW, lggt = =70 pA, - 8.5 9 Vv
VVIN = VSW =12V ’
BST to SW undervoltage 2.0 3.0 35
BST DC bias current Vgst-Vsw =12V, Vgy =0V 30 45 pA
LO GATE DRIVER
VorL LO high-state voltage drop ILo = =100 mA, VouL = Vyvce — Vio 0.15 0.25 v
VoL LO low-state voltage drop ILo =100 mA, Vo = Vi0 0.1 0.17
LO rise time (10% to 90%) CLoap = 4700 pF 25
ns
LO fall time (90% to 10%) CLoap = 4700 pF 20
Vipo=0V,V =45V 0.8
loHL Peak LO source current Lo vee
VLO =0V 2.0 A
Vio =V =45V 1.8
loLL Peak LO sink current Lo vee
Vio = Vvee 3.2
SWITCHING CHARACTERISTICS
toLH LO fall to HO rise delay No load, 50% to 50% 50 80 115
ns
tDHL HO fall to LO rise delay No load, 50% to 50% 60 80 105
THERMAL
Tsp Thermal shutdown Temperature rising 165 oc
Thermal shutdown hysteresis 25
8 Submit Documentation Feedback Copyright © 2013-2016, Texas Instruments Incorporated
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6.7 Typical Characteristics
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Typical Characteristics (continued)

lvee [MA]

Figure 7. VVCC VS IVCC

8
\
No load
6 \
=
g4
>
>
2
0 \
0 10 20 30 40 50 60 70 80

Vyee V]
IS

No load
| |
10 11 12 13 14

0 1 2 3 4 5 6 7 8 9
VVIN[\/]

Figure 8. Vyce VS Vuin

40 ‘ 180 15 T
N Aq=101, COMP unload - lese
30 | A N 135
- \ — 10 — b1
@ PHASE = < ==
2.20 90 % = lesn
Z < z
< T 3
: ? : 3
10 45 a
h \N =5
2
0 GAIN \ 0
-10 45 0
1000 10000 100000 1000000 10000000 50 25 0 25 50 7 00 125 150
FREQUENCY [HZz] Temperature [°C]
Figure 9. Error Amp Gain Figure 10. Icsp, Icsn VS Temperature
and Phase vs Frequency
15.0 ‘ 300 ‘ ‘
lgst = -70uA 280 Vyn=Vsw=9V —
< 260
E
100 S 240
s S 220
] S 200
[ o im—
c
X 7 2 180 el
5.0 5
O 160
e
2 140
120
0.0 100
4 9 14 19 50 25 0 25 50 75 100 125 150
Vsw V] Temperature [°C]
Figure 11. Vgst.sw VS Vsw Figure 12. Igst VS Temperature
10 Submit Documentation Feedback Copyright © 2013-2016, Texas Instruments Incorporated

Product Folder Links: LM5121 LM5121-Q1



13 TEXAS
INSTRUMENTS

www.ti.com

LM5121, LM5121-Q1
SNVS963C —SEPTEMBER 2013-REVISED JUNE 2016

Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The LM5121 wide input range synchronous boost controller features all of the functions necessary to implement
a highly efficient synchronous boost regulator. The regulator control method is based upon peak current mode
control. Peak current mode control provides inherent line feed-forward and ease of loop compensation. This
highly integrated controller provides strong high-side and low-side N-channel MOSFET drivers with adaptive
dead-time control. The switching frequency is user programmable up to 1 MHz, either set by a single resistor or
synchronized to an external clock.

The control mode of high-side synchronous switch can be configured as either forced PWM (FPWM) or diode
emulation mode. Fault protection features include cycle-by-cycle current limiting, hiccup mode over load
protection, hiccup mode short circuit protection, thermal shutdown and remote shutdown capability by pulling
down the UVLO pin. The UVLO input enables the controller when the input voltage reaches a user selected
threshold, and provides tiny 9 yA shutdown quiescent current when pulled low. LM5121's unique disconnection
switch control provides numerous additional advantages. True Shutdown allows disconnecting load from the
input, blocking leakage current paths in shutdown mode. Inrush current control limits input current during initial
charging of the output capacitor. Circuit breaker function quickly switches off the disconnection switch,
terminating any severe over-current condition. Hiccup mode short circuit protection minimizes power dissipation
during prolonged output short condition. Input over voltage suppression can be achieved by connecting a Zener
diode from the disconnection MOSFET gate pin to ground. The device is available in 20-pin HTSSOP package
featuring an exposed pad to aid in thermal dissipation.

7.2 Functional Block Diagram
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7.3 Feature Description

7.3.1 Undervoltage Lockout (UVLO)

The LM5121 features a dual level UVLO circuit. When the UVLO pin voltage is less than the 0.4-V UVLO
standby threshold, the LM5121 is in the shutdown mode with all functions disabled. The shutdown comparator
provides 0.1 V of hysteresis to avoid chatter during transitions. If the UVLO pin voltage is greater than 0.4 V and
below 1.2 V during power up, the controller is in the standby mode with the VCC regulator operational, the
disconnection switch disabled and no switching at the HO and LO outputs. This feature allows the UVLO pin to
be used as a remote shutdown function by pulling the UVLO pin down below the UVLO standby threshold with
an external open collector or open drain device.

ViN
UVLO Hysteresis

€§ Current
UvLO

RU\/Z UVLO Threshold

STANDBY

l..l

UVLO Standby

} J Ruvi Enable Threshold
STANDBYJﬂ- SHUTDOWN ﬂ- b SHUTDOWN

Figure 18. UVLO Remote Standby and Shutdown Control

If the UVLO pin voltage is above 1.2-V UVLO threshold and VCC voltage exceeds the VCC UV threshold, the
startup sequence begins. UVLO hysteresis is accomplished with an internal 10-pyA current source that is
switched on or off into the impedance of the UVLO setpoint divider. When the UVLO pin voltage exceeds the 1.2
V, the current source is enabled to quickly raise the voltage at the UVLO pin. When the UVLO pin voltage falls
below the 1.2-V UVLO threshold, the current source is disabled causing the voltage at the UVLO pin to quickly
fall. In addition to the UVLO hysteresis current source, a 5-us deglitch filter on both rising and falling edge of
UVLO toggling helps preventing chatter during power up or down.

An external UVLO setpoint voltage divider from the supply voltage to AGND is used to set the minimum input
operating voltage of the regulator. The divider must be designed such that the voltage at the UVLO pin is greater
than 1.2 V when the input voltage is in the desired operating range. The maximum voltage rating of the UVLO
pin is 16 V. If necessary, the UVLO pin can be clamped with an external zener diode. The UVLO pin should not
be left floating. The values of Ry, and Ry, can be determined from Equation 1 and Equation 2.

_ VHYS [ ]
Ruva = 10uA W
VinesTarTUP) —1.2V

RUVl =

where
*  Vyuys is the desired UVLO hysteresis
*  VinsTarTup) IS the desired startup voltage of the regulator during turn-on. 2

Typical shutdown voltage during turn-off can be calculated as follows:

VinsHutbown) = VinsTARTUP) — Vhys[V] )

7.3.2 High Voltage VCC Regulator

The LM5121 contains an internal high voltage regulator that provides typical 7.6-V VCC bias supply for the
controller and N-channel MOSFET drivers. The input of the VCC regulator, VIN can be connected to a voltage
source as high as 65 V. The VCC regulator turns on when the UVLO pin voltage is greater than 0.4 V. When the
input voltage is below the VCC setpoint level, the VCC output tracks VIN with a small dropout voltage. The
output of the VCC regulator is current limited at 50-mA minimum.
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Feature Description (continued)

Upon power-up, the VCC regulator sources current into the capacitor connected to the VCC pin. The
recommended range for the VCC capacitor is 1.0 yF to 47 pyF and it is recommended to be at least 10 times
greater than Cgg7 value. When operating with a VIN voltage less than 6 V, the value of VCC capacitor should be
4.7 YF or greater.

The internal power dissipation of the LM5121 device can be reduced by supplying VCC from an external supply.
If an external VCC bias supply exists and the voltage is greater than 9 V and below 14.5 V. The external VCC
bias supply can be applied to the VCC pin directly through a diode, as shown in Figure 19.

Vee TH_D External
VCC Supply
LM5121
g Cvcec

Figure 19. External Bias Supply when 9V < Vgy< 145V

Shown in Figure 20 is a method to derive the VCC bias voltage with an additional winding on the boost inductor.
This circuit must be designed to raise the VCC voltage above VCC regulation voltage to shut off the internal VCC
regulator.

VCC

"
nxVn
+
nxVourt I M
+

nx(Vour -Vin)

Figure 20. External Bias Supply using Transformer

The VCC regulator series pass transistor includes a diode between VCC and VIN, as shown in Figure 21, that
should not be forward biased in normal operation. If the voltage of the external VCC bias supply is greater than
the VIN pin voltage, an external blocking diode is required from the input power supply to the VIN pin to prevent
the external bias supply from passing current to the input supply through VCC. The need for the blocking diode
should be evaluated for all applications when the VCC is supplied by the external bias supply. When the input
power supply voltage is less than 4.5 V, an external VCC supply should be used and the external blocking diode
is required.
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Feature Description (continued)

VIN

External
VCC Supply

P V'N LMs121
.g;

e

J Ji

Figure 21. VIN Configuration when Vy,y<Vycc

7.3.3 Oscillator

The LM5121 switching frequency is programmable by a single external resistor connected between the RT pin
and the AGND pin. The resistor should be located very close to the device and connected directly to the RT and
AGND pin. To set a desired switching frequency (fsy), the resistor value can be calculated from Equation 4.

9x10°
Ry = fx [@]
Sw (4)

7.3.4 Slope Compensation

For duty cycles greater than 50%, peak current mode regulators are subject to sub-harmonic oscillation. Sub-
harmonic oscillation is normally characterized by alternating wide and narrow duty cycles. This sub-harmonic
oscillation can be eliminated by a technique, which adds an artificial ramp, known as slope compensation, to the
sensed inductor current.

A

Additional slope

Sensed Inductor Current

‘— tON—}: = ILN*xRsx10
: >

Figure 22. Slope Compensation

The slope compensation of the LM5121 is programmable by a single resistor connected between the SLOPE pin
and the AGND pin. The amount of slope compensation can be calculated as follows:

6x10°
Vsiope =7———= XD [V]
fsw X RsLope
where
D=1- \/lN
. Vourt (5)

Rs ope Value can be determined from the following equation at minimum input voltage:
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Feature Description (continued)

Ly x 6x10°
IN [Q]

RsLope =
[K xVout — VIN(MIN):| xRg x10

where
* K=0.82~1 as a default (6)

From the above equation, K can be calculated over the input range as follows:

9
K | 14 Ly x6x10 <D
Vin XRg x10xRg| opg

where
DI — \/lN
. Vour @)

In any case, K should be greater than 0.5. At higher switching frequency over 500 kHz, the K factor is
recommended to be greater than or equal to 1 because the minimum on-time affects the amount of slope
compensation due to internal delays.

The sum of sensed inductor current and slope compensation should be less than COMP output high voltage
(Vop) for proper startup with load and proper current limit operation. This limits the minimum value of Rg opg tO

be:
5.7x10° VIN(MIN)
RsLopE > [1.2 -—— [
sw ouT

e This equation can be used in most cases

8x10°
[2]

RsLope >

» This conservative selection should be considered when V yn) < 5.5 V
The SLOPE pin cannot be left floating.

7.3.5 Error Amplifier

The internal high-gain error amplifier generates an error signal proportional to the difference between the FB pin
voltage and the internal precision 1.2-V reference. The output of the error amplifier is connected to the COMP pin
allowing the user to provide a Type 2 loop compensation network.

Rcomp: Ccomp and Cye configure the error amplifier gain and phase characteristics to achieve a stable voltage
loop. This network creates a pole at DC, a mid-band zero (f; ga) for phase boost, and a high frequency pole
(fo_ga)- The minimum recommended value of Rcomp is 2 kQ (See the Feedback Compensation section).

1
f, ea = [Hz]

2nxRecomp X Ccomp ©)

: [Hz]
27 xR o X{CCOMPXCHFJ
Ccomp +Chr

fo_En =
(10)

7.3.6 PWM Comparator

The PWM comparator compares the sum of sensed inductor current and slope compensation ramp to the
voltage at the COMP pin through a 1.2-V internal COMP to PWM voltage drop and terminates the present cycle
when the sum of sensed inductor current and slope compensation ramp is greater than Veoup —1.2 V.
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Feature Description (continued)

RsLope

SLOPE Vout
Generator [J_W‘/‘l
REF
b RFB2
. FB L
. LJ
Eror ™ | -—-——-—=-=—-= -

Amplifier Rcomp Ccowmp
COMP

G g

|
|
|
| >
1]
: i RFB1
| Chr (optional) |
L

__________ J -
Type 2 Compensation Components

Comparator 12V

Figure 23. Feedback Configuration and PWM Comparator

7.3.7 Disconnection Switch Control

Soft turn-on is achieved by slowly turning on the disconnection switch. When the UVLO pin voltage is greater
than 1.2-V UVLO threshold and the VCC voltages exceeds the VCC UV threshold, the internal charge pump at
DG starts sourcing current which enhances N-channel MOSFET disconnection switch. The internal charge pump
provides bias voltage at DG pin above VIN pin voltage.

Additional inrush current limiting helps to limit the maximum inrush current. In the inrush current limiting condition
when the voltage across sense resistor Rg reaches the inrush current limit threshold, the DG pin voltage is
controlled to limit the current flow in Rg by controlling DG pull-down current sink.

As the source voltage of the disconnection switch is charged during initial charging period, the operating point of
the disconnection switch transitions from an active region into the ohmic region and the DG pin voltage is
maintained by the charge pump. An internal 10 pA soft-start current source turns on when the DG to DS voltage
is greater than Vgg detection threshold. VIN voltage is recommended to be greater than or equal to the input
power supply voltage because the internal charge pump provides the DG bias voltage above the VIN voltage.

The DG pin voltage is clamped to approximately 16 V above the DS pin and 11 V above the VIN pin by internal
zener diodes.
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Feature Description (continued)

Standby
'

TURN-ON

........... Vs Detection
Threshold

Ves Detect

source

SS

LO

HO-SW

VOUT
Figure 24. Start-Up Sequence

7.3.8 Soft-Start

The soft-start feature helps the regulator gradually reach the steady state operating point, thus reducing startup
stresses and surges. The LM5121 regulates the FB pin to the SS pin voltage or the internal 1.2-V reference,
whichever is lower. The internal 10-uyA soft-start current source gradually increases the voltage on an external
soft-start capacitor connected to the SS pin. This results in a gradual rise of the output voltage starting from the
input voltage level to the target output voltage. The soft-start time (tss) varies with the input supply voltage and
output set point and is calculated from Equation 11.

teg = CSSXl'ZVx[l— Vin ][sec]

When UVLO pin voltage is greater than 1.2-V UVLO threshold, VCC voltage exceeds the VCC UV threshold and
DG to DS voltage is greater than Vg detection threshold, an internal 10-pA soft-start current source turns on. At
the beginning of this soft-start sequence, Vsg should be allowed to fall down below 25 mV by the internal SS pull-
down switch. The SS pin can be pulled down by an external switch to stop switching, but pulling up to enable
switching is not recommended. The startup delay (see Figure 24) should be long enough for the high-side boot
capacitor to be fully charged by the internal BST charge pump. This defines the recommended minimum Cgg
value, which is especially important when Vy,y is greater than 9 V.

V,
Csg >0.33xCggr x( VOUT j[F]

VIN (12)
Also, the value of Cgg should be large enough to charge the output capacitor during soft-start time.
10pA x V, C
Ces > M out , “outr [F]
1.2v lout (13)
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Feature Description (continued)
7.3.9 HO and LO Drivers

The LM5121 contains two strong N-channel MOSFET gate drivers and a high-side level shifter to drive the
external N-channel MOSFET switches. The high-side gate driver works in conjunction with an external bootstrap
diode DgsT, and bootstrap capacitor Cggt. During the on-time of the low-side N-channel MOSFET driver, the SW
pin voltage is approximately 0 V and the Cggy is charged from VCC through the Dggt. A 0.1—pF or larger ceramic
capacitor, connected with short traces between the BST and SW pin, is recommended.

The LO and HO outputs are controlled with an adaptive dead-time methodology which ensures that both outputs
are never enabled at the same time. When the controller commands LO to be enabled, the adaptive dead-time
logic first disables HO and waits for HO-SW voltage to drop. LO is then enabled after a small delay (HO Fall to
LO Rise Delay). Similarly, the HO turn-on is delayed until the LO voltage has discharged. HO is then enabled
after a small delay (LO Fall to HO Rise Delay). This technique ensures adequate dead-time for any size N-
channel MOSFET or parallel MOSFET configurations especially when VCC is supplied by a higher external
voltage source. Use caution when adding series gate resistors, as this may decrease the effective dead-time.

Care should be exercised in selecting the N-channel MOSFET devices threshold voltage when the VIN voltage
range is below the VCC regulation level or a bypass operation is required. If bypass operation is required when
output voltage is less than 12 V, a logic level device should be selected for the high-side N-channel MOSFET.
During startup at low input voltages, the low-side N-channel MOSFET's gate plateau voltage should be
sufficiently low to completely enhance the N-channel MOSFET device. If the low-side MOSFET drive voltage is
lower than the low-side MOSFET gate plateau voltage during startup, the regulator may not start properly and it
may operate at the maximum duty cycle in a high power dissipation state. This condition can be avoided by
selecting a lower threshold N-channel MOSFET or by increasing Vystartup) With the UVLO pin programming.

7.3.10 Bypass Operation (Vour = Vin)

The LM5121 allows 100% duty cycle operation for the high-side synchronous switch when the input supply
voltage is equal to or greater than the target output voltage. An internal 200 yA BST charge pump maintains
sufficient high-side driver supply voltage to keep the high-side N-channel MOSFET switch on without the power
stage switching. The internal BST charge pump is enabled when the UVLO pin voltage is greater than 1.2 V, the
VCC voltage exceeds the VCC UV threshold and DG to DS voltage is greater than the Vg detection threshold.
The BST charge pump generates 5.3 V minimum BST to SW voltage when SW voltage is greater than 9 V. This
requires minimum 9 V boost output voltage for proper bypass operation. The leakage current of the boot diode
should be always less than the BST charge pump sourcing current to maintain a sufficient driver supply voltage
at both low and high temperatures. Forced PWM mode is the recommended PWM configuration when bypass
operation is required.

7.3.11 Cycle-by-Cycle Current Limit

The LM5121 features a peak cycle-by-cycle current limit function. If the CSP to CSN voltage exceeds the 75—-mV
cycle-by-cycle current limit threshold, the current limit comparator immediately terminates the LO output.

For the case where the inductor current overshoots the desired limit, such as inductor saturation, the current limit
comparator blocks LO pulses until the current has decayed below the current limit threshold. Peak inductor
current in current limit can be calculated as follows:

75mV [A]

IPEAK CL) = &
D" Rg (14)

7.3.12 Circuit Breaker Function

In addition to the hiccup mode short circuit / overload protection, LM5121 provides a circuit breaker function for
maximum safety. If the input current increases rapidly due to a fault, the current through the disconnection switch
may exceed the inrush control threshold before the inrush control loop is able to respond. If the sensed current
exceeds the circuit breaker threshold, the disconnection switch is quickly turned off through an internal switch at
the DG pin until current sense input falls below the circuit breaker disable threshold. If the RES pin voltage is
less than 1.2 V, the controller then restarts the inrush control procedure.
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Feature Description (continued)
7.3.13 Clock Synchronization

The SYNCIN/RT pin can be used to synchronize the internal oscillator to an external clock. The positive going
synchronization clock at the RT pin must exceed the RT sync rising threshold and the negative going
synchronization clock at RT pin must exceed the RT sync falling threshold to trip the internal synchronization
pulse detector.

With the configuration in Figure 25, the frequency of the external synchronization pulse is recommended to be
within +/-20% of the internal oscillator frequency programmed by RT resistor. The actual operating range is
+100/40% of the programmed frequency. For example, 900 kHz external synchronization clock and 20 kQ RT
resistor are required for 450 kHz switching. The internal oscillator can be synchronized by AC coupling a positive
edge into the RT pin. A 5-V amplitude pulse signal coupled through 100-pF capacitor is a good starting point.
The RT resistor is always required in this configuration, whether the oscillator is free running or externally
synchronized.

Care should be taken to guarantee that the RT pin voltage does not go below —0.3 V at the falling edge of the
external pulse. This may limit the duty cycle of external synchronization pulse. There is approximately 400 ns
delay from the rising edge of the external pulse to the rising edge of LO.

fSYNC

I SYNCIN/RT

Csyne SRy LM5121

Figure 25. Oscillator Synchronization Through AC Coupling

With the configuration in Figure 26, the internal oscillator can be synchronized by connecting the external
synchronization clock to the RT pin through the RT resistor with free of the duty cycle limit. The output stage of
the external clock source should be a low impedance totem-pole structure and the default logic state of fgync
should be low.

fSYNC

SYNCIN/RT

R LM5121

Figure 26. Oscillator Synchronization Through a Resistor

7.3.14 Maximum Duty Cycle

When operating with a high PWM duty cycle, the low-side N-channel MOSFET device is forced off each cycle.
This forced LO off-time limits the maximum duty cycle of the controller. When designing a boost regulator with
high switching frequency and high duty cycle requirements, check the required maximum duty cycle. The
minimum input supply voltage which can achieve the target output voltage is estimated from Equation 15 .

Vingviny = fsw * Vour x(550ns +margin) [V] (15)

100 ns of margin is recommended.

7.3.15 Thermal Protection

Internal thermal shutdown circuitry is provided to protect the controller in the event the maximum junction
temperature is exceeded. When activated, typically at 165°C, the controller is forced into a low-power shutdown
mode, disabling the output drivers, disconnection switch and the VCC regulator. This feature is designed to
prevent overheating and destroying the device.
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7.4 Device Functional Modes

7.4.1 Hiccup Mode Short Circuit and Overload Protection

If cycle-by-cycle current limit or inrush current limit is reached during any cycle, a 30-yA RES current is sourced
into the RES capacitor for the remainder of the clock cycle. If the RES capacitor voltage exceeds the 1.2-V
restart threshold, a hiccup mode protection sequence is initiated. In the hiccup mode, the DG pin is discharged to
GND if the inrush current limit is reached, the SS capacitor is discharged to GND, both LO and HO outputs are
disabled, and the voltage on the RES capacitor is ramped up and down between 2-V and 4-V eight times.

After the eighth RES pin cycle, the DG pin is released and charged by the DG charge pump. If a 2~3-V zener
diode is connected in parallel with the RES capacitor, the regulator enters into the hiccup mode and never
restarts until UVLO shutdown is cycled. Connect the RES pin directly to the AGND when the hiccup mode
operation is not required.

Ires = 10pA Ires = -5HA

:4— Count to Eight ——

|
o ST
| —
I
—>»!  le— Restart Delay trp
|

RES

ss :4— Hiccup Mode Off-time tres —»
]

HO

LO

Voe-ps /_I

Figure 27. Hiccup Mode Short Circuit Protection
(Start-Up With Output Short)

lres = 10pA lres = -5pA

RES lpes = 30pA

—>: l¢— Restart Delay tgp

|
|
|
— |
|
SS [4— Hiccup Mode Off-time trgs — /_
|

so 1IN
o TN

VGSDET = =] e e e e — — — — —
Vbe-ps €—— DG Pull-down when Infush
Current Limit is Reached

Figure 28. Hiccup Mode Overload Protection (Overload After Start-Up)

7.4.2 MODE Control (Forced PWM Mode and Diode Emulation Mode)

A fully synchronous boost regulator implemented with a high-side MOSFET rather than a diode has the capability
to sink current from the output in conditions such as light load, overvoltage or load transient. The LM5121 can be
configured to operate in either forced PWM mode or diode emulation mode.
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Device Functional Modes (continued)

In forced PWM mode (FPWM), reverse current flow in high-side N-channel MOSFET switch is allowed and the
inductor current conducts continuously at light or no load conditions. The benefit of the forced PWM mode is fast
light load to heavy load transient response and constant frequency operation at light or no load conditions. To
enable forced PWM mode, connect the MODE pin to VCC or tie it to a voltage greater than 1.2 V. In the FPWM
mode, reverse current flow is not limited.

In the diode emulation mode, current flow in the high-side switch is only permitted in one direction (source to
drain). Turn-on of the high-side switch is allowed if the CSP to CSN voltage is greater than the 7 mV rising
threshold of the zero current detection circuit during low-side switch on-time. If the CSP to CSN voltage is less
than 6 mV falling threshold of the zero current detection during high-side switch on-time, reverse current flow
from output to input through the high-side N-channel MOSFET is prevented and discontinuous conduction mode
of operation is enabled by latching off the high-side N-channel MOSFET switch for the remainder of the PWM
cycle. A benefit of the diode emulation is lower power loss at light load conditions.

12V

L comp 4
E.l I 40mvV
Hysteresis
1.2V SkipCycle
700k %
o> Default 20mv
MODE 150mV  +]]- Skip Cycle

Comparator

1.2v Diode
100k | | : Emulation

Figure 29. MODE Selection

During startup the LM5121 forces diode emulation, to support startup into a pre-biased load, until the SS pin
voltage exceeds 1.2 V. Forced diode emulation is terminated by a pulse from PWM comparator when SS is
greater than 1.2 V. If there are no LO pulses during the soft-start period, a 350 ns one-shot LO pulse is forced at
the end of soft-start to help charge the bootstrap capacitor. Due to the internal current sense delay, configuring
the LM5121 for diode emulation mode should be carefully evaluated if the inductor current ripple ratio is high and
the controller is operated at very high switching frequency. The transient performance during full load to no load
in FPWM mode should also be verified.

7.4.3 MODE Control (Skip Cycle Mode and Pulse Skipping Mode)

Light load efficiency of the regulator typically drops as the losses associated with switching and bias currents of
the converter become a significant percentage of the total power delivered to the load. In order to increase the
light load efficiency the LM5121 provides two types of light load operation in diode emulation mode.

The skip cycle mode integrated into the LM5121 controller reduces switching losses and improves efficiency in
light load conditions by reducing the average switching frequency. Skip cycle operation is achieved by the skip
cycle comparator. When a light load condition occurs, the COMP pin voltage naturally decreases, reducing the
peak current delivered by the regulator. During COMP voltage falling, the skip cycle threshold is defined as
Vmope —20 mV and during COMP voltage rising, it is defined as Vyope 20 mV. There is 40mV of internal
hysteresis in the skip cycle comparator.

When the voltage at PWM comparator input falls below Vyope —20 mV, both HO and LO outputs are disabled.
The controller continues to skip switching cycles until the voltage at PWM comparator input increases to Vyope
+20 mV, demanding more inductor current. The number of cycles skipped depends upon the load and the
response time of the frequency compensation network. The internal hysteresis of skip cycle comparator helps to
produce a long skip cycle interval followed by a short burst of pulses. An internal 700 kQ pull-up and 100 kQ pull-
down resistor sets the MODE pin to 0.15 V as a default. Since the peak current limit threshold is set to 750 mV,
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Device Functional Modes (continued)

the default skip threshold corresponds to approximately 17% of the peak level. In practice the skip level will be
lower due to the added slope compensation. By adding an external pull-up resistor from MODE to the SLOPE or
VCC pin or adding an external pull-down resistor to the ground, the skip cycle threshold can be programmed.
Because the skip cycle comparator monitors the PWM comparator input which tracks the COMP voltage, skip
cycle operation is not recommended when the bypass operation is required.

Pulse skipping operation can be achieved by connecting the MODE pin to ground. The negative 20 mV offset at
the positive input of skip cycle comparator ensures the skip cycle comparator will not be triggered in normal
operation. At light or no load conditions, the LM5121 skips LO pulses if the pulse width required by the regulator
is less than the minimum LO on-time of the device. Pulse skipping appears as a random behavior as the error
amplifier attempts to find the proper pulse width to maintain regulation at light or no load conditions.
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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 LM5121 device is a step-up dc-dc converter. The device is typically used to convert a lower dc voltage to a
higher dc voltage. Use the following design procedure to select component values for the LM5121 device.
Alternately, use the WEBENCH® software to generate a complete design. The WEBENCH software uses an
iterative design procedure and accesses a comprehensive database of components when generating a design.
This section presents a simplified discussion of the design process.

8.1.1 Feedback Compensation

The open loop response of a boost regulator is the product of the modulator transfer function and the feedback
transfer function. When plotted on a dB scale, the open loop gain is shown as the sum of modulator gain and
feedback gain. The modulator transfer function of a current mode boost regulator including a power stage
transfer function with an embedded current loop can be simplified as one pole, one zero and one Right Half
Plane (RHP) zero system.

Modulator transfer function is defined as follows:

s S
) 1+ xj1-— >
Vour(S) A x Wz _Esr Wz_RHP
5 P
Veowmr (S) [1+ s ]

Wp (F

where

. R '
Ay (ModulatorDCgain) = ——9AD__ D

* RSfEQ xAg 2
we _p(Load pole)= ——2
) ) Loap X Cour
1
wz esr(ESR zero) =
) ) Resr % Cout
R D )2
w; gryp(RHP zero) = Rioap x(D)”
) ) LN EQ
L R
L =N Ry po=-3
. bn_ee=—"Rs_eq ="
* nis the number of the phase. -

If the ESR of Coyr (Resr) is small enough and the RHP zero frequency is far away from the target crossover
frequency, the modulator transfer function can be further simplified to one pole system and the voltage loop can
be closed with only two loop compensation components, Rcomp and Ceowmp, leaving a single pole response at the
crossover frequency. A single pole response at the crossover frequency yields a very stable loop with 90 degrees
of phase margin.

The feedback transfer function includes the feedback resistor divider and loop compensation of the error
amplifier. Rcome, Ccomp @and optional Cye configure the error amplifier gain and phase characteristics, and create
a pole at origin, a low frequency zero and a high frequency pole.

The feedback transfer function is defined as follows:
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Application Information (continued)

s
v 1+ ©
Z EA
_% = AFB P ——
ouT oxl1s s
Wp_Ea
where
; 1
Agg(Feedback DC gain) =
: re2 % (Ccomp + Chr)
Wy ga(Low frequency zero) = o
’ B Rcomp % Ccomp
Wp_ga (High frequency pole) = ————
’ ) Rcomp % Che )

The pole at the origin minimizes output steady state error. The low frequency zero should be set to cancel the
load pole of the modulator. The high frequency pole can be used to cancel the zero created by the output
capacitor ESR or to decrease noise susceptibility of the error amplifier. By placing the low frequency zero an
order of magnitude less than the crossover frequency, the maximum amount of phase boost is achieved at the
crossover frequency. The high frequency pole should be set above the crossover frequency since the addition of
Cye adds a pole in the feedback transfer function.

The crossover frequency (open loop bandwidth) is usually selected between one twentieth and one fifth of the
switching frequency. In a simplified formula, the estimated crossover frequency can be defined as:

R
fcross = CoME xD' [Hz]
T X RSfEQ xRggy x Ag xCqoyt
where
D = Vin
. Vout (18)

For higher crossover frequency, Rcomp Can be increased, while proportionally decreasing Ccomp. Conversely,
decreasing Rcomp While proportionally increasing Ccomp, results in lower bandwidth while keeping the same zero
frequency in the feedback transfer function.

The modulator transfer function can be measured using a network analyzer and the feedback transfer function
can be configured for the desired open loop transfer function. If the network analyzer is not available, step load
transient tests can be performed to verify acceptable performance. The step load goal is minimum
overshoot/undershoot with a damped response.

8.1.2 Sub-Harmonic Oscillation

Peak current mode regulator can exhibit unstable behavior when operating above 50% duty cycle. This behavior
is known as sub-harmonic oscillation and is characterized by alternating wide and narrow pulses at the SW pin.
Sub-harmonic oscillation can be prevented by adding a voltage ramp (slope compensation) on top of the sensed
inductor current. By choosing K=0.82~1.0, the sub-harmonic oscillation will be eliminated even with widely
varying input voltage.

In time-domain analysis, the steady-state inductor current starting from an initial point returns to the same point.
When the amplitude of an end cycle current error (dl;) caused by an initial perturbation (dly) is less than the
amplitude of dly or dl;/dly > -1, the perturbation naturally disappears after a few cycles. When dl;/dly<-1, the
initial perturbation no longer disappeatr, it results in sub-harmonic oscillation in the steady-state.
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Application Information (continued)
i ,
1 7/ Steady-State
E e Inductor Current
dIOI i i
A TN
' 4 Y :
1\ ton V: \\ i dl;
Inductor Current with \ i
Initial Perturbation \:_
Figure 30. Effect of Initial Perturbation when dl/dly < -1
dly/dly can be calculated as:
dl 1
-1 _1-=
dl, K (19)
The relationship between dl;/dl, and K factor is illustrated in the graphic below.
3
2
1
=] T
= 0
© K=1
-1 \4
K=0.5

2 /
-3

00 05 10 15 20 25
K FACTOR

Figure 31. dl4/dly vs K Factor

The absolute minimum value of K is 0.5. When K<0.5, the amplitude of dl, is greater than the amplitude of dl,
and any initial perturbation results in sub-harmonic oscillation. If K=1, any initial perturbation will be removed in
one switching cycle. This is known as one-cycle damping. When -1<dl;/dly<0, any initial perturbation will be
under-damped. Any perturbation will be over-damped when 0<dl;/dly<1.

In the frequency-domain, Q, the quality factor of sampling gain term in modulator transfer function, is used to
predict the tendency for sub-harmonic oscillation, which is defined as:

1
Q -

The relationship between Q and K factor is illustrated in Figure 32.
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Application Information (continued)
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Figure 32. Sampling Gain Q vs K Factor

The recommended absolute minimum value of K is 0.5. High gain peaking when K is less than 0.5 results in sub-
harmonic oscillation at fg,/2. A higher value of K factor may introduce additional phase shift near the crossover
frequency, but has the benefit of reducing noise susceptibility in the current loop. The maximum allowable value
of K factor can be calculated using the maximum crossover frequency equation and frequency analysis formulas

in Table 1.

Table 1. Boost Regulator Frequency Analysis

SIMPLIFIED FORMULA

COMPREHENSIVE FORMULA @

S

S

]x[l_

|

[1+ s
w

R [1+
YOUT(S) = Ay

Sampled gain inductor pole | Not considered

or

MODULATOR TRANSER ®z_ESR ®z_RHP VOUT(S) A x Zesr Wzee
= =AM
FUNCTION Veomp(S) 14 Veow (3) 15 x|« 2 +i
Op_LF Wp_F Wp_Esr Wp e W2
. R D'
Modulator DC gain @ Ay =—om D
Rs goxAs 2
2 R, oap % (D)2
RHP zero @ Wy gyyp = NLOAD
- LINfEQ
ESR zero w - w = 1
Z_ESR = Z ESR=5 .~
B Resr *Cour B Resr1* Coutt
. 1
ESR pole Not considered Wp_esr = G ic j
ESR1 OUT1 ouT2
; 2
Dominant load pole Wp p=————
- Rioap * Cout
f,
We_wF =i 05

Wp wr =Qxwy

Quality factor Not considered

Q:
T

1
K -09)

0.5)

@

Comprehensive equation includes an inductor pole and a gain peaking at fgy/2, which is caused by sampling effect of the current mode

control. Also, it assumes that a ceramic capacitor Coyt, (No ESR) isvconnected in parallel with Coyrty. Resr1 represents ESR of Coyrs.
ouT

@

With multiphase configuration, n,
number of phases. As is the current sense

Lin_eq = - Rs_Eq

==S Rioap =
n

amplifier g’ain.

lour of each phase xn ‘and Cqyt = Coyt Of each phase x n, where n =
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Application Information (continued)
Table 1. Boost Regulator Frequency Analysis (continued)
SIMPLIFIED FORMULA COMPREHENSIVE FORMULA @
w
h = ;W =nxfgy
Sub-harmonic double pole Not considered or
f
f = SW
"2
9
K factor K=1 K=|1+ Ly 3610 xD’
Vin ¥Rg x10xRg| ope
N 1+ s
FEEDBACK TRANSFER _Veowr(s) _ Arg x Wz_eA
FUNCTION V, S
out(S) ox|14S
Wp A
Feedback DC gain Arg = !
FB =
Res2 % (Ccomp + Crr)
. . R
Mid-band Gain Amg uip = —22MP
- Res2
Low frequency zero w = 1
2 EAS S~
- Rcowmp % Ccomp
High frequency pole w, 1 o = e
= P_EA =
P-EA " Reomp *xChr - Reomp *(Canr / /Ccomp)
Lo s ]x[l—w s ] 143 [1+ ]{17 s ] 148
OPEN LOOP RESPONSE | T(s) = Ay x Agg x-—— =228 ZRHP ), WZEA | q(s)=AyxArgx Wz _EsR Wz_RHp .
{14— s J sx[l+ s J [l+ s Jx[1+ s ]x[lJr s | Sz} sx[1+ S ]
Wp ¢ Wp A Wp_|F Wp_ESR We, Wy Wp_EA
Crossover frequency @ . _ Rcomp D :
(Open loop band width) CROSS = 7%Rs e *Res2 *As xCour Use graphic tool
f [
foross_max = 4SXWOX( 1+4xQ? —1]
Maximum cross over f Wz RHP . . or
frequency® fcross_max :S—g’ormwhlchever is smaller Wy
2xmx4
, whichever is smaller
- ) _ feross < Wz rHp Ceomp = Rioap * Cour D = Vin
(3) Assuming Wz ea =Wp F, Wp A =Wz EsR, 2xnx10, 4xReomp , and Vour.

(4) The frequency at which 45° phase shift occurs in modulator phase characteristics.

8.1.3 Output Overvoltage Protection

Output overvoltage protection can be achieved by adding a simple external circuit. The output overvoltage
protection circuit shown in Figure 33 shuts down the LM5121 when the output voltage exceeds the overvoltage
threshold set by the zener diode.
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Vout
LM5121

UVLO

Figure 33. Output Overvoltage Protection

8.1.4 Input Transient Suppression

Input over-voltage transient suppression can be achieved by adding a zener diode from DG to ground. The DS
voltage will be clamped to the zener voltage minus the gate threshold voltage of the disconnection MOSFET
switch.

Since the input clamping occurs in the active region of disconnection MOSFET switch, safe operating area and
the thermal properties of the disconnection MOSFET switch should be carefully considered.

VsuppLY Vout

Oy fi ii_-_“‘mr:ﬁT' Ei —0

o I
!
1

VCC BST sSw
DS LO

DG HO

SN comp —||—¢\/\/\—]
csP FB
VIN RES _-|
W . UVLO SS— %
SLOPE MODE
SYNCIN/RT PGND 1 I I =
AGND - =
‘%_ LM5121 L

Figure 34. Input Transient Suppression

8.1.5 Inrush Current Limit Programming

Inrush current limit level can be lower than the cycle-by-cycle current limit level by adding a simple external
circuit. The external inrush current limit programming circuit shown in Figure 35 and Figure 36 pull down CSN pin
during inrush current limiting. Also, this configuration enables latch-off mode circuit breaker.
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Figure 35. Inrush Current Limit Programming #1
ILIN
CspP CSN %
£
VCC
SLOPE ﬂ
Figure 36. Inrush Current Limit Programming #2
8.1.6 Reverse Battery Protection + Disconnect Switch Control
51 Signal DG
PMOS
Vout

CsN comp —] I—\/\N\—l

csp FB
VIN RES

VWA— UVLO SSI—

SLOPE MODE I I

SYNCIN/RT PGND = L

% LM5121  AeNP

Figure 37. Reverse Battery Protection + Disconnection Switch
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Figure 38. Reverse Battery Protection
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8.2 Typical Application
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Figure 39. Schematic

32

Submit Documentation Feedback

Product Folder Links: LM5121 LM5121-Q1

Copyright © 2013-2016, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS
LM5121, LM5121-Q1

www.ti.com SNVS963C —SEPTEMBER 2013—-REVISED JUNE 2016

8.2.1 Design Requirements

DESIGN PARAMETERS VALUE
Output Voltage (Vour) 12V
Full Load Current (loyT) 2A
Output Power 24 W

Minimum Input Voltage (Vinminy) 3V (5.7 V for start-up)

Typical Input Voltage (Vineryp)) 9V
Maximum Input Voltage (Vingmax)) 12V

Switching Frequency (fsw) 250 kHz
Disconnection Switch Control Yes

8.2.2 Detailed Design Procedure

8.2.2.1 Timing Resistor Ry

Generally, higher frequency applications are smaller but have higher losses. Operation at 250 kHz is selected for
this example as a reasonable compromise between small size and high-efficiency. The value of Ry for 250 kHz
switching frequency is calculated as follows:

_ 9x 10° 9x10°

= =36.0 kQ

Ry

A standard value of 36.5 kQ is chosen for Ry.

8.2.2.2 UVLO Divider Ryys, Ruvi

The desired startup voltage and the hysteresis are set by the voltage divider Ryy,, Ryy:. The UVLO shutdown
voltage should be high enough to fully enhance the low-side N-channel MOSFET switch. For this design, the
startup voltage is set to 5.5 V which is 0.2 V below 5.7 V. Vyyg is set to 3.7 V. This results 1.8 V of VysHutpown):
The values of Ryy», Ryy; are calculated as follows:

Ruys = Vhvs _ 37V _a70 k0
lyys 10 WA (22)
RUVl _ 1-2VXRU\/2 _ 1.2V x370 kQ ~103 kO

VinsTARTUP) —1.2V 5.5V 1.2V 9

A standard value of 365 kQ is selected for Ryy». Ryy; is selected to be a standard value of 107 kQ.

8.2.2.3 Input Inductor Ly

The inductor ripple current is typically set between 20% and 40% of the full load current, as a good compromise
between core loss and copper loss of the inductor. Higher ripple current allows a smaller inductor size, but
places more of a burden on the output capacitor to smooth the ripple voltage on the output. For this example, a
ripple ratio (RR) of 0.3, 30% of the input current was chosen. Knowing the switching frequency and the typical
output voltage, the inductor value can be calculated as follows:

Lo, 1 X[l_ Vin jz ov_ 1 X(l_ 9vJ=11_3 H
Iy XRR  foy Vour ) 24W . 250kHz | 12V
Qv (24)

The closest standard value of 10 uyH was chosen for L.

The saturation current rating of the inductor should be greater than the peak inductor current, which is calculated
at the minimum input voltage and full load. A 2.7 V startup voltage is used to conservatively estimate the peak
inductor current.

V, \Y/ . .
|PEAK=|IN+E>< IN < 1_ IN =:|.2V><2A+1>< 27V % 1_27V =93A
2" Ly % faw Vour 27V 2 10 uHx250 kHz 12V (25)
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8.2.2.4 Current Sense Resistor Rg

The peak input current limit threshold should be set 20~50% higher than the required peak current at low input
voltage and full load, accounting for tolerances. For this example, 20% is margin is chosen.

Rg=Yest - _1SMV__ 600

A closest standard value of 7 mQ is selected for Rg. The maximum power loss of Rg is calculated as follows.

PLoss(rs) = 'R =(9.3Ax1.2)* x7mQ = 0.87W o

8.2.2.5 Current Sense Filter Rcgep, Resens Ces

The current sense filter is optional. 100 pF for Ccg and 100 Q for Rcspp and Regey @are normal recommendations.
Because CSP and CSN pins are high impedance, C.g should be placed physically as close to the device.

VIN Rs

CSN

LM5121

CSP

Figure 40. Current Sense Filter

8.2.2.6 Slope Compensation Resistor Rg ope

The K value is selected to be 1 at the minimum input voltage. Rg opg should be selected such that the sum of
sensed inductor current and slope compensation is less than COMP output high voltage.

9 9
R ope >8><1O _ 8x10 _32 KO
Ly x6x10° ~ 10 pHx6x10°
K x Vour — VIN(M,N)] xRg x10  (1x12V-3V)x7mQx10

=95 kQ

RSLOPE =
| (29)

A closest standard value of 95.3 kQ is selected for Rg) opg.

8.2.2.7 Output Capacitor Cqyt

The output capacitors smooth the output voltage ripple and provide a source of charge during transient loading
conditions. Also the output capacitors reduce the output voltage overshoot when the load is suddenly
disconnected.

The ripple current rating of the output capacitor should be carefully considered. In boost regulator, the output is
supplied by discontinuous current and the ripple current requirement is usually high. In practice, the ripple current
requirement can be dramatically reduced by placing high quality ceramic capacitors closer to the high side
MOSFET switch than the bulk aluminum capacitors.

The output voltage ripple is dominated by the ESR of the output capacitors. Parallel output capacitors are a good
choice to minimize effective ESR and split the output ripple current into multiple capacitors.

In this example, three 330 pF aluminum capacitors are used to share the output ripple current and source the
required charge. The maximum output ripple current can be calculated at the minimum input voltage as follows:

| _ ot __20A _,,
RIPPLE _MAX(COUT) = = =
V, 3V
INMIN) o
2x “12v
Vout (30)
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Assuming 60 mQ of ESR per output capacitor, the output voltage ripple at the minimum input voltage is
calculated as follows:

| 1 2.0A (60mQ 1
v, = —9UT JIR.p + = x + =0.168V
RIPPLE_MAX(COUT) ™ Viymiv ( ESR T 4xCour xfsw j 3V [ 3 4x3x330 uFx250 ksz
12V

Vour
(31)

In practice, four 10 pF ceramic capacitors are additionally placed before the bulk aluminum capacitors to reduce
the output voltage ripple and share the output ripple current.
8.2.2.8 Input Capacitor Cyy

The input capacitors smooth the input voltage ripple. Assuming high quality ceramic capacitors are used for the
input capacitors, the maximum input voltage ripple which occurs when the input voltage is half of the output
voltage can be calculated as follows:

V,
out _ 12v = 0.045V
32xLiyxCpy xfg2 32x10 pHx 4x 3.3 puF x 250 kHz (32)

VRIPPLE_MAX(CIN) =

The value of input capacitor is also a function of source impedance, the impedance of source power supply.
More input capacitor will be required to prevent a chatter condition during power up if the impedance of source
power supply is not low.

8.2.2.9 VIN Filter Ryjn, Cyin

An R-C filter (Ry;n, Cyin) 0N the VIN pin is optional. It is not required if the C,y capacitors are high quality ceramic
capacitors and placed physically close to the device. The filter helps to prevent faults caused by high frequency
switching noise injection into the VIN pin. A 0.47 yF ceramic capacitor is used this example. Recommended filter
values are 3 Q for Ry,y and 0.47 uF for Cy,y . A larger filter with 2.2 pu to 4.7 pF Cy,y is recommended when the
input voltage is lower than 8 V or when the required duty cycle is close to the maximum duty cycle limit.

VIN

D—‘/\N‘T VIN
RvIN Cuin I LM5121

Figure 41. VIN Filter

8.2.2.10 Bootstrap Capacitor Cgst and Boost Diode Dggy

The bootstrap capacitor between the BST and SW pins supplies the gate current to charge the high-side N-
channel MOSFET gate during each turn-on cycle and also supplies recovery charge for the bootstrap diode. The
peak current can be several amperes. The recommended value of the bootstrap capacitor is 0.1 yF. Cggt should
be a good quality, low ESR, ceramic capacitor located at the pins of the device to minimize potentially damaging
voltage transients caused by trace inductance. The minimum value for the bootstrap capacitor is calculated as
follows:

Cgst =
AVgst (33)

Where Qg is the high-side N-channel MOSFET gate charge and AVggy is the tolerable voltage droop on Cgsr,
which is typically less than 5% of VCC or conservatively 0.15 V . In this example, the value of the BST capacitor
(CgsT) is 0.1 pF.

The voltage rating of Dggt should be greater than the peak SW node voltage plus 16 V. A low leakage diode is
mandatory for bypass operation. The leakage current of Dggt should be low enough for the BST charge pump to
maintain a sufficient high-side driver supply voltage at high temperature. A low leakage diode also prevents the
possibility of excessive VCC voltage during shutdown, in high output voltage applications. If the diode leakage is
excessive, a zener clamp or bleed resistor may be required on VCC. High-side driver supply voltage should be
greater than the high-side N-channel MOSFET switch gate plateau at the minimum input voltage.
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8.2.2.11 VCC Capacitor Cyc

The primary purpose of the VCC capacitor is to supply the peak transient currents of the LO driver and bootstrap
diode as well as to provide stability for the VCC regulator. The peak driver currents can be several amperes. The
value of Cyc should be at least 10 times greater than the value of Cgg7, and should be a good quality, low ESR,
ceramic capacitor. Cycc should be placed close to the pins of the IC to minimize potentially damaging voltage
transients caused by trace inductance. A value of 4.7 uF was selected for this design example.

8.2.2.12 Output Voltage Divider Regq, Rega

Rrg1 and Rep, set the output voltage level. The ratio of these resistors is calculated as follows:
Reg2 _ Vout 1

Reg; 1.2V (34)

The ratio between Rcomp and Reg, determines the mid-band gain, Agg uip- A larger value for Regg, may require a
corresponding larger value for Reoup. Rege should be large enough fo keep the total divider power dissipation
small. A 49.9 kQ in series with 681 Q was chosen for high-side feedback resistors in this example, which results
in a Rgg; value of 5.62 kQ for 12 V output.

8.2.2.13 Soft-Start Capacitor Cgg

The soft-start time (tsg) is the time required for the output voltage set point to reach the target voltage from the

input voltage. The soft-start time is not only proportional to the soft-start capacitor, but also depends on the input

voltage. With 0.1 uF for Cgg, the soft-start time is calculated as follows:

Cgg x1.2V <1 VIN(STARTUP) 01 MFx1.2V o[1- 5.7V
10 pA 12V

tSS(MAX) = J = 63 msecC

Iss Vour (35)

8.2.2.14 Restart Capacitor Cgeg

The restart capacitor determines the restart delay time trp and hiccup mode off time treg (see Figure 27). tgp
should be greater than tsggax). The minimum required value of Cges can be calculated at the low input voltage
as follows:
lres X tssmax) 30 HAx6.3 msec
Cresminy = = =0.16 pF
VRes 1.2v (36)

A standard value of 0.18 pF is selected for Crgs.

8.2.2.15 Low-Side Power Switch Q_

Breaking down the various losses is one way to compare the relative efficiencies of different N-channel MOSFET
devices. Losses in the low-side N-channel MOSFET device can be separated into conduction loss and switching
loss.

Low-side conduction loss is approximated calculated as follows:

Vin JX ( lout * Vour
ouT VIN

2
Pconps) = Dxl2 xRps_ones) x1-3 = [1— j *Rps_ons) *1.3[W]

(37

Where D is the duty cycle and the factor of 1.3 accounts for the increase in the N-channel MOSFET device on-
resistance due to heating. Alternatively, the factor of 1.3 can be eliminated and the high temperature on-
resistance of the N-channel MOSFET device can be estimated using the Rpg(ony Vs temperature curves in the N-
channel MOSFET datasheet.

Switching loss occurs during the brief transition period as the low-side N-channel MOSFET device turns on and
off. During the transition period both current and voltage are present in the channel of the N-channel MOSFET
device. The low-side switching loss is approximated as follows:

PswiLs) = 0.5% Vour x Iy x (tg + tg) x foyw [W] (38)

tg and tg are the rise and fall times of the low-side N-channel MOSFET device. The rise and fall times are usually
mentioned in the N-channel MOSFET datasheet or can be empirically observed with an oscilloscope.

36 Submit Documentation Feedback Copyright © 2013-2016, Texas Instruments Incorporated

Product Folder Links: LM5121 LM5121-Q1



13 TEXAS
INSTRUMENTS
LM5121, LM5121-Q1

www.ti.com SNVS963C —SEPTEMBER 2013—-REVISED JUNE 2016

An additional Schottky diode can be placed in parallel with the low-side N-channel MOSFET switch, with short
connections to the source and drain in order to minimize negative voltage spikes at the SW node.
8.2.2.16 High-Side Power Switch Qy and Additional Parallel Schottky Diode

Losses in the high-side N-channel MOSFET device can be separated into conduction loss, dead-time loss and
reverse recovery loss. Switching loss is calculated only for the low-side N-channel MOSFET device. Switching
loss in the high-side N-channel MOSFET device is negligible because the body diode of the high-side N-channel
MOSFET device turns on before and after the high-side N-channel MOSFET switches.

High-side conduction loss is approximated as follows:

Vin JX {'om x Vour

2
Peconprs) =(@—=D)xl 2 XRps_onHs) x1-3 :( j *Rps_oneHs) x1-3[W]

Vourt Vin (39)
Dead-time loss is approximated as follows:
PorHs) = Vb X lin X (tpLr + tori) X fsw [W]
where
e Vpis the forward voltage drop of the high-side N-channel MOSFET body diode. (40)

Reverse recovery characteristics of the high-side N-channel MOSFET strongly influences efficiency, especially
when the output voltage is high. Smaller reverse recovery charge helps to increase the efficiency while also
minimizing switching noise.

Reverse recovery loss is approximated as follows:
Prrets) = Vour % Qrr * fsw [W]

where
* Qgr is the reverse recovery charge of the high-side N-channel MOSFET body diode. (42)

An additional Schottky diode can be placed in parallel with the high-side switch to improve efficiency. Usually, the
power rating of this parallel Schottky diode can be less than the high-side switch ratings because the diode
conducts only during dead-times. The power rating of the parallel diode should be equivalent or higher than high-
side switch ratings if bypass operation is required, hiccup mode operation is required or a heavy load exists
before the controller begins switching.

8.2.2.17 Snubber Components

A resistor-capacitor snubber network across the high-side N-channel MOSFET device reduces ringing and
spikes at the switching node. Excessive ringing and spikes can cause erratic operation and can couple noise to
the output. Selecting the values for the snubber is best accomplished through empirical methods. First, make
sure the lead lengths for the snubber connections are very short. Start with a resistor value between 5 and 50 Q.
Increasing the value of the snubber capacitor results in more damping, but this also increases snubber losses.
Select a minimum value for the snubber capacitor that provides adequate damping of the spikes on the switch
waveform at heavy load. A snubber may not be necessary with an optimized layout.

8.2.2.18 Disconnect Switch Qp Selection

The N-channel MOSFET disconnection switch (Qp) should be selected based on the following criteria:
« The BVpgg rating must be greater than the maximum input voltage, plus ringing and transients.

e The safe operating area (SOA) and the thermal properties should be considered. If required, limit the rise time
of the input power supply or the maximum start-up input voltage.

e Absolute maximum rating of Vg5 should be greater than 18 V.
e If the minimum VIN voltage is less than 6.5 V, a logic level MOSFET should be used.

e The plateau voltage during inrush current limiting is recommended to be less than Vggper. If the Vpateau IS
greater than Vgs.pet, boost switching might start before finishing the inrush limiting.
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8.2.2.19 Freewheeling Diode Dg Selection

If Qp turns off quickly by the circuit breaker function, the inductor current continues flowing through a
freewheeling diode (Dg). D should have enough capability to handle 150 mV/Rg of peak current during inductor
current decay and the voltage rating must be greater than the maximum input voltage, plus ringing and
transients. The inductor current decay time is calculated from Equation 42.

_ Lyx0.15 fsed]
Rs x(Vout = Vin) (42)

tor

8.2.2.20 Loop Compensation Components Ccomps Rcomp: Chr

Rcomes Ccomp @and Cye configure the error amplifier gain and phase characteristics to produce a stable voltage
loop. For a quick start, follow the 4 steps listed below:
1. Select fcross

Select the cross over frequency (fcross) at one fourth of the RHP zero or one tenth of the switching
frequency whichever is lower.

fsw _ 25 kHz
s (43)
Vour (Vi y2
fz rup _ Rioap X () _ lour  Vour =13.4 kHz
2 4x2nxLy g 4x21xLy g0 (44)

A 13.4 kHz crossover frequency is selected. RHP zero at minimum input voltage should be considered if the
input voltage range is wide.

2. Determine required Reomp

Knowing fcross, Rcowmp is calculated as follows:

V,
RCOMP = fCROSS XTTX RS X RFBZ ><10 X COUT X \(;UT = 200 kQ
IN (45)
A standard value of 200 kQ is selected for Rcomp

3. Determine Ccoup to cancel load pole. Place the error amplifier zero at twice the load pole frequency.
Knowing Rcome: Ccomp IS calculated as follows:

Coomp = Rioap XCout _ 5 gk
4XRcomp (46)

A standard value of 8.2 nF is selected for Ccomp
4. Determine Cye to cancel the ESR zero.

Knowing Rcomp, Resg and Ceomp, Cre is calculated as follows:

R C C
Cop = ESR * “~ouT *“~cowmp -103 pF

Rcomp % Ccomp —Resr X Cout 47)

A standard value of 100 pF is selected for Cye
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8.2.3 Application Curves

O GEmEEn
100 mVidiv|
0.00mV ofst)

d : S L [0C 1 )| A 6+ [0CTM] Timebase 0,00 s Trigger [2)

il ><2- 2499998 ms 1/8%= - 5.00 V offset] -20.200 V of s 500 kS 5.0 GS/s||Edge Negative|
C1: Vout, VSUPPLY =9V,1At02A and 2 A to 1 A load transient C1: FSYNC , C2: SW, VSUPPLY =9V, FSYNC =500 kHz
Figure 42. Load Transient Figure 43. Clock Synchronization

O O T O T Y A Sy LL

©

5.00 Vid| 200 psidv|[Stop 350V 5.00 Vid| 200 psid|[Stop v
500 Voffset 1.00Ms ~ 500sks|[Edge Postivel 500V offse 1.00Ms ~ 500sks|[Edge Postivel
C1:SW, VSUPF’LY =9V, ILOAD =0A C1l: Sw, VSUPF’LY =9V, ILOAD =0A
Figure 44. Forced PWM Figure 45. Pulse Skip

e Timebase 0,00 ms| [Trigger [c1)
5.00 Vidv] 1.00 msfdiv] [Stop 350V
500V offset 250Ms _ 250MSis[Edge Postive)

C1:SW, VsuppLy =9V, lLoap =0 A

Figure 46. Skip Cycle
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9 Power Supply Recommendations

LM5121 is a power management device. The power supply for the device is any DC voltage source within the
specified input range.

10 Layout

10.1 Layout Guidelines

In a boost regulator, the primary switching loop consists of the output capacitor and N-channel MOSFET power
switches. Minimizing the area of this loop reduces the stray inductance and minimizes noise. Especially, placing
high quality ceramic output capacitors as close to this loop earlier than bulk aluminum output capacitors
minimizes output voltage ripple and ripple current of the aluminum capacitors.

In order to prevent a dv/dt induced turn-on of high-side switch, HO and SW should be connected to the gate and
source of the high-side synchronous N-channel MOSFET switch through short and low inductance paths. In
FPWM mode, the dv/dt induced turn-on can occur on the low-side switch. LO and PGND should be connected to
the gate and source of the low-side N-channel MOSFET through short and low inductance paths. All of the
power ground connections should be connected to a single point. Also, all of the noise sensitive low power
ground connections should be connected together near the AGND pin and a single connection should be made
to the single point PGND. CSP and CSN are high impedance pins and noise sensitive. CSP and CSN traces
should be routed together with kelvin connections to the current sense resistor as short as possible. If needed,
place 100-pF ceramic filter capacitor as close to the device. MODE pin is also high impedance and noise
sensitive. If an external pull-up or pull-down resistor is used at MODE pin, the resistor should be placed as close
the device. VCC, VIN and BST capacitor must be as physically close as possible to the device.

The LM5121 has an exposed thermal pad to aid power dissipation. Adding several vias under the exposed pad
helps conduct heat away from the device. The junction to ambient thermal resistance varies with application. The
most significant variables are the area of copper in the PC board, the number of vias under the exposed pad and
the amount of forced air cooling. The integrity of the solder connection from the device exposed pad to the PC
board is critical. Excessive voids greatly decrease the thermal dissipation capacity. The highest power dissipating
components are the two power switches. Selecting N-channel MOSFET switches with exposed pads aids the
power dissipation of these devices.

10.2 Layout Example

Controller

Inductor
Place controller as

close to the switches -
. .

VOuT GND GND VIN

Figure 47. Power Path Layout
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11 Device and Documentation Support

11.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 2. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
LM5121 Click here Click here Click here Click here Click here
LM5121-Q1 Click here Click here Click here Click here Click here

11.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y‘ '\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @) ® ® @)
LM5121MH/NOPB ACTIVE HTSSOP PWP 20 73 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LM5121 Samples
& no Sh/Br) MH =
LM5121MHE/NOPB ACTIVE HTSSOP PWP 20 250 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LM5121 Samples
& no Sh/Br) MH =
LM5121MHX/NOPB ACTIVE HTSSOP PWP 20 2500  Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LM5121 Samples
& no Sh/Br) MH
LM5121QMH/NOPB ACTIVE HTSSOP PWP 20 73 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LM5121
& no Sh/Br) QMH ple
LM5121QMHE/NOPB ACTIVE HTSSOP PWP 20 250 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LM5121 Eamnles
& no ShiBr) OMH sl
LM5121QMHX/NOPB ACTIVE HTSSOP PWP 20 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LM5121 camnles
& no Sh/Br) QMH ple

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl'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 LM5121, LM5121-Q1 :
o Catalog: LM5121

o Automotive: LM5121-Q1

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM5121MHE/NOPB HTSSOP| PWP 20 250 178.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
LM5121MHX/NOPB HTSSOP| PWP 20 2500 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
LM5121QMHE/NOPB |HTSSOP| PWP 20 250 178.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
LM5121QMHX/NOPB |HTSSOP| PWP 20 2500 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\ /)i\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM5121MHE/NOPB HTSSOP PWP 20 250 210.0 185.0 35.0
LM5121MHX/NOPB HTSSOP PWP 20 2500 367.0 367.0 35.0
LM5121QMHE/NOPB HTSSOP PWP 20 250 210.0 185.0 35.0
LM5121QMHX/NOPB HTSSOP PWP 20 2500 367.0 367.0 35.0
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
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