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LM25122-Q1 Wide-Input Synchronous Boost Controller With Multiple Phase Capability

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 : 42 V
Min Input Voltage : 3V (4.5 V for startup)
Output Voltage up to 50 V
Bypass (Vout = Vi) Operation
1.2 V Reference with £1.0% Accuracy

Free-Run and Synchronizable Switching to 600
kHz

Peak Current Mode Control

Robust 3 A Integrated Gate Drivers
Adaptive Dead-Time Control

Optional Diode Emulation Mode
Programmable Cycle-by-Cycle Current Limit
Hiccup Mode Overload Protection
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

Allows External VCC Supply

Inductor DCR Current Sensing Capability
Multiphase Capability

Thermally Enhanced 20-Pin HTSSOP

2 Applications

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

* Audio Power Supply

» High Current Boost Power Supply

3 Description

The LM25122 is a multiphase capable synchronous
boost controller intended for high-efficiency
synchronous 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 600
kHz. Higher efficiency is achieved by two robust N-
channel MOSFET gate drivers with adaptive dead-
time control. A user-selectable diode emulation mode
also enables discontinuous mode operation for
improved efficiency at light load conditions.

An internal charge pump allows 100% duty cycle for
high-side synchronous switch (Bypass operation). A
180° phase shifted clock output enables easy multi-
phase interleaved configuration. Additional features
include thermal shutdown, frequency synchronization,
hiccup mode current limit and adjustable line
undervoltage lockout.

Device Information®
PACKAGE BODY SIZE (NOM)
HTSSOP (20) 6.50 mm x 4.40 mm

PART NUMBER
LM25122-Q1

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions
PWP Package
20-Pin HTSSOP With Exposed Pad
Top View
SYNCOUT | 1 ‘ 20 ] BsT
OPT | 2 e —— = - 19 | HO
CSN | 3 : : 18 | sw
csP | 4 | 17 | vce
VIN | 5 : : 16 ] Lo
EP
wio 6 | | 158 |____] penp
SS | 7 I I 14 I RES
I I
SYNCIN/RT | 8 | | 13 :' MODE
AGND [ 9 L 4 12 ] store
FB | 10 11 | COMP
Pin Functions
PIN 1
TYPE® DESCRIPTION
NAME NO.
AGND 9 G Analog ground connection. Return for the internal voltage reference and analog circuits.
High-side driver supply for bootstrap gate drive. Connect to the cathode of the external bootstrap
BST 20 = 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 1 o Output of the internal error amplifier. The loop compensation network should be connected between
this pin and the FB pin.
CSN 3 | Inverting input of current sense amplifier. Connect to the negative-side of the current sense resistor.
csp 4 | Non-inverting input of current sense amplifier. Connect to the positive-side of the current sense

resistor.

Feedback. Inverting input of the internal error amplifier. A resistor divider from the output to this pin
FB 10 | sets the output voltage level. The regulation threshold at the FB pin is 1.2 V. The controller is
configured as slave mode if the FB pin voltage is above 2.7 V at initial power-on.

High-side N-channel MOSFET gate drive output. Connect to the gate of the high-side synchronous

HO 19 o N-channel MOSFET switch through a short, low inductance path.

Low-side N-channel MOSFET gate drive output. Connect to the gate of the low-side N-channel

Lo 16 o MOSFET switch through a short, low inductance path.

Switching mode selection pin. 700-kQ pullup and 100-kQ pulldown resistor internal hold MODE pin
to 0.15 V as a default. By adding external pullup or pulldown 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. If 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.

MODE 13 |

Clock synchronization selection pin. This pin also enables/disables SYNCOUT related with

OPT 2 ! master/slave configuration. The OPT pin should not be left floating.

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

PGND 15 G 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. Connect directly to the AGND when hiccup mode operation is not
required.

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

Copyright © 2015-2016, Texas Instruments Incorporated Submit Documentation Feedback 3
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Pin Functions (continued)

switch through short, low inductance paths.

PIN 1
TYPE® DESCRIPTION
NAME NO.
SLOPE 12 | Slope compensation is programmed by a single 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
SW 18 1/0 high-side N-channel MOSFET switch and the drain terminal of the low-side N-channel MOSFET

The internal oscillator frequency is programmed by a single resistor between RT and the AGND.

SYNCIN/RT 8 | The internal oscillator can be synchronized to an external clock by applying a positive pulse signal
into this SYNCIN pin. The recommended maximum internal oscillator frequency in master

configuration is 1.2 MHz which leads to 600 kHz maximum switching frequency.

SYNCOUT 1 o Clock output pin. SYNCOUT provides 180° shifted clock output for an interleaved operation.
SYNCOUT pin can be left floating when it is not used. See Slave Mode and SYNCOUT section.

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
1.2 V, the regulator is in standby mode with the VCC regulator operational and no switching at the

ground plane to reduce thermal resistance.

UVLO 6 ! 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.

vee 17 PO VCC bias supply pin. Locally decouple to PGND using a low ESR/ESL capacitor located as close to
controller as possible.
Supply voltage input source for the VCC regulator. Connect to input capacitor and source power

VIN 5 P/ ) . :
supply connection with short, low impedance paths.

EP EP N/A Exposed pad of the package. No internal electrical connections. Should be soldered to the large

6 Specifications

6.1 Absolute Maximum Ratings®
Over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Input VIN, CSP, CSN -0.3 50 \%
BST to SW, FB, MODE, UVLO, OPT, vCcCc® -0.3 15 \Y
Sw -5.0 60 \%
BST -0.3 75 \%
SS, SLOPE, SYNCIN/RT -0.3 7 \%
CSP to CSN, PGND -0.3 0.3 \%
HO to SW -0.3 BST to SW+0.3 \%
Output® LO -0.3 VCC+0.3 \Y
COMP, RES, SYNCOUT -0.3 7 \%
Thermal Junction Temperature -40 150 °C
Tstg Storage temperature -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

VALUE UNIT
Human body model (HBM), per AEC Q100-002(® +2000
V(esp) Electrostatic discharge Charged device model (CDM), per AEC g:rc])énzeé)pins (1,10, 11, +1000 \Y;
Q100-011 -
Other pins +1000
(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 operating free-air temperature range (unless otherwise noted)
MIN NOM MAX | UNIT
Input supply voltage ® VIN 45 42 Vv
Low-side driver bias voltage VCC 14 \%
High-side driver bias voltage BST to SW 3.8 14 \%
Current sense common mode | CSP, CSN \%
range® 3 42
Switch node voltage SW 50 \%
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.

6.4 Thermal Information

LM25122-Q1
THERMAL METRIC® (H'Il?SVgF(;)P) UNIT
20 PINS
Rgia Junction-to-ambient thermal resistance 36.0 °C/W
Rojctop) Junction-to-case (top) thermal resistance 20.1 °C/W
Rgis Junction-to-board thermal resistance 16.8 °C/W
WIT Junction-to-top characterization parameter 0.4 °C/W
viB Junction-to-board characterization parameter 16.7 °C/W
Wichot Junction-to-case (bottom) thermal resistance 1.7 °C/W

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

Copyright © 2015-2016, Texas Instruments Incorporated
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6.5 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
Ishutpown VIN shutdown current Vuvio =0V 9 17 HA
Igias VIN operati_ng current (exclude VuvLo = 2 V, non-switching 4 5 mA
the current into RT resistor)
VCC REGULATOR
Vecreg) 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 \Y
VCC sourcing current limit Vycc =0V 50 62 mA
e VCC operating current (exclude | Vvec =83V 35 5 mA
the current into RT resistor) Vyce =12V 45 8 mA
VCC rising, Vyy =4.5V 3.9 4.0 4.1 \Y
VCC undervoltage threshold -
VCC falling, Vyny =45V 3.7 \%
VCC undervoltage hysteresis 0.385 \%
UNDERVOLTAGE LOCKOUT
UVLO threshold UVLO rising 1.17 1.20 1.23 \%
UVLO hysteresis current Vuovio =14V 7 10 13 HA
UVLO standby enable threshold | UVLO rising 0.3 0.4 0.5 \%
UVLO standby enable hysteresis 0.1 0.125 \%
MODE
Diode emulation mode threshold | MODE rising 1.20 1.24 1.28 \%
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, Vgg= Vcomp 1.188 1.200 1.212 \%
FB input bias current Veg= VRer 5 nA
Vou COMP output high voltage lsource = 2 MA, Vyge = 4.5V 275 v
Isource = 2 MA, Vycc =12V 3.40 \Y
VoL COMP output low voltage Isink = 2 mA 0.25 \%
AoL DC gain 80 dB
faw Unity gain bandwidth 3 MHz
Slave mode threshold FB rising 2.7 3.4 \%
OSCILLATOR
fswi Switching frequency 1 Rt =20 kQ 400 450 500 kHz
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
SYNCOUT
SYNCOUT high-state voltage Isyncout = -1 mA 3.3 4.3 \%
SYNCOUT low-state voltage Isyncout =1 mA 0.15 0.25 \%
OPT
6 Submit Documentation Feedback Copyright © 2015-2016, 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.

restart delay time

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Synchronization selection OPT rising
threshold 20 3.0 40 v
SLOPE COMPENSATION
SLOPE output voltage 1.17 1.20 1.23 \%
RSLOPE =20 kQ, fSW =100 kHZ, 50%
. ) duty cycle, T; = —40°C to +125°C 1375 1.650 1.925 v
Vsiope  Slope compensation amplitude
RsLope= 20 kQ, fswz 100 kHz, 50% duty 1.400 1.650 1.900 Vv
cycle, Ty =25°C ’ ’ '
SOFT-START
Iss.source SS current source Vgs =0V 75 10 12 HA
SS discharge switch Rps.on 13 Q
PWM COMPARATOR
. Vycc =55V 330 400 ns
tlo.ore  Forced LO off-time
Vycc =45V 560 750 ns
R =20 kQ 150 ns
ton-min' Minimum LO on-time SLOPE
RSLOPE =200 kQ 300 ns
T3 =-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
v Cycle-by-cycle current limit CSP to CSN, T; = —-40°C to +125°C 65.5 75.0 87.5 mvV
CSTHL  threshold CSP to CSN, T, = 25°C 670 750  86.0 mv
. CSP to CSN, rising 7 mV
Vcs.zep  Zero cross detection threshold -
CSP to CSN, falling 0.5 6 12 mvV
Current sense amplifier gain 10 VIV
lcsp CSP input bias current 12 pA
lesn CSN input bias current 11 pA
Bias current matching lcsp - lesn -1.75 1 3.75 HA
CS to LO delay Current sense / current limit delay 150 ns
HICCUP MODE RESTART
VRes Restart threshold RES rising 1.15 1.20 1.25 \Y
v RES rising 4.2 \%
HCP- Hiccup counter upper threshold isi
UPPER p pp RES rising, 36 v
Vvin = Vycc =45V
v RES falling 2.15 \%
HCP- i ;
Hiccup counter lower threshold
LOWER P RES ialllng, _ 1.85 \Y
Vyin =Vvee =45V
IRES- RES current sourcel Fault-state charging current 20 30 40 LA
SOURCEL1
Ires.sinkt  RES current sink1 Normal-state discharging current 5 HA
IRES- RES current source2 Hiccup mode off-time charging current 10 LA
SOURCE2
Ires-sink2  RES current sink2 Hiccup mode off-time discharging current 5 HA
Hiccup cycle Cycles
RES discharge switch Rps.on 40 Q
Ratio of hiccup mode off-time to 122

HO GATE DRIVER

Copyright © 2015-2016, 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
VOoHH HO high—state voltage dI'Op lho = —100 mA, VouH = Vest VHo 0.15 0.24 \%
VoLH HO low-state voltage drop Iho = 100 mA, Vorn = Vo —Vsw 0.1 0.18 \%
HO rise time (10% to 90%) CLoap = 4700 pF, Vgst =12V 25 ns
HO fall time (90% to 10%) CLOAD = 4700 pF, Vgst = 12V 20 ns
Vio=0V,Vsw =0V, Vgst =45V 0.8 A
lonH Peak HO source current HO W BST
VHO =0V, VSW =0V, VBST =76V 1.9 A
Vi =V, =45V 1.9 A
loLH Peak HO sink current HO BST
VHO = VBST: 7.6V 3.2 A
lgsT BST charge pump sourcing Vyin =Vsw=9.0V, Vgst - Vs =5.0V 100 200 LA
current
Bsr 10 SW, lgst™ =70 pA, 53 62 675 v
) Vyin=Vsw=9.0V
BST charge pump regulation
Bgt to SW, lgsT = -70 HA, 7 85 9 v
Vuin = Vsw =12V )
BST to SW undervoltage 2.0 3.0 35 \%
BST DC bias current Vgst-Vsw=12V, Vg =0V 30 45 HA
LO GATE DRIVER
Vour LO high-state voltage drop ILo =—100 mA, VouL = Vyce —Vio 0.15 0.25 \Y
VoLL LO low-state voltage drop ILo =100 mA, VoL = V0 0.1 0.17 \Y
LO rise time (10% to 90%) CLoap = 4700 pF 25 ns
LO fall time (90% to 10%) CLoap = 4700 pF 20 ns
Vio=0V,Vycc =45V 0.8 A
loHL Peak LO source current Lo vee
Vio=0V 2.0 A
Vio =Vycc =45V 1.8 A
loLL Peak LO sink current Lo — Tvee
Vio = Vvce 3.2 A
SWITCHING CHARACTERISTICS
toLH LO fall to HO rise delay No load, 50% to 50% 50 80 115 ns
toHL HO fall to LO rise delay No load, 50% to 50% 60 80 105 ns
THERMAL
Tsp Thermal shutdown Temperature rising 165 °C
Thermal shutdown hysteresis 25 °C
8 Submit Documentation Feedback Copyright © 2015-2016, Texas Instruments Incorporated
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6.6 Typical Characteristics
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Typical Characteristics (continued)
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Figure 7. VVCC VS IVCC
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Typical Characteristics (continued)

Figure 15. Vgst.5w VS Temperature
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7 Detailed Description

7.1 Overview

The LM25122 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 600 kHz set by a single resistor or
synchronized to an external clock. The LM25122’s 180° shifted clock output enables easy multi-phase
configuration.

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, 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 a tiny 9 pA
shutdown quiescent current when pulled low. 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 LM25122 features a dual level UVLO circuit. When the UVLO pin voltage is less than the 0.4-V UVLO
standby enable threshold, the LM25122 is in the shutdown mode with all functions disabled. The shutdown
comparator provides 0.1 V of hysteresis to avoid chatter during transition. If the UVLO pin voltage is greater than
0.4 V and below 1.2 V during power up, the controller is in standby mode with the VCC regulator operational 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 enable 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 16. UVLO Remote Standby and Shutdown Control

If the UVLO pin voltage is above the 1.2-V UVLO threshold and VCC voltage exceeds the VCC UV threshold, a
startup sequence begins. UVLO hysteresis is accomplished with an internal 10-pA current source that is switched
on or off into the impedance of the UVLO setpoint divider. When the UVLO pin voltage exceeds 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 upon 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 15 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.

Ryys = _ Vhys [ ]
10pA (1)
1.2V xR
Rui=y U\/21 v 0]
IN(STARTUP) —1- (2
where

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

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

VinsHutbown) = VinsTARTUP) — Vhys[V] )

7.3.2 High Voltage VCC Regulator

The LM25122 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 VCC regulator, VIN, can be connected to an input
voltage source as high as 42 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 capacitance range for the VCC capacitor is 1.0 uF to 47 pF and is recommended to be at least 10
times greater than Cggt value. When operating with a VIN voltage less than 6 V, the value of VCC capacitor

should be 4.7 pF or greater.
The internal power dissipation of the LM25122 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 17.

VvCC External VCC Supply

LM25122 $ Cvcc

Figure 17. External Bias Supply when 9 V<Vgy<14.5V

Shown in Figure 18 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.

TS

nxVoyr =

|||—|
;; =3
X
<
o
2
<
=

"1

Figure 18. External Bias Supply using Transformer

The VCC regulator series pass transistor includes a diode between VCC and VIN that should not be fully forward
biased in normal operation, as shown in Figure 19. 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. Especially, when
the input power supply voltage is less than 4.5 V, the external VCC supply should be provided and the external
blocking diode is required.

VIN
1
¥y VIN | M25122
-1 - """
| |
|
¥ ?L L
External VCC Supply —HT T_

S Ji

Figure 19. VIN Configuration when Vyy < Vycc
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Feature Description (continued)
7.3.3 Oscillator

The LM25122 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 pin
and AGND pin. To set a desired switching frequency (fsy), the resistor value can be calculated from Equation 4.

fsw @)

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 observing 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 P = ILINxRsx10

: >

Figure 20. Slope Compensation

The amount of slope compensation 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 = -—— 5 ——xD [V]
fsw X RsLope
where
D=1 N

Rs ope Value can be determined from the following equation at minimum input voltage:
Ly x6x10°

RsLope = [Q]
[K xVout ~ VIN(MIN):| xRg x10
where
e K=0.82~1 as a default (6)

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

9
K:(1+ Liy x 6 x 10 ]XD'

Vin X Rg x 10 x Rgopg

where
D = Vin
. Vour Q)
In any case, K should be greater than at least 0.5. At higher switching frequency over 500 kHz, 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.
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Feature Description (continued)

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:

9 V,
R opE >5.7f><10 w10 IN(MIN)

Q
SwW Vour [ }

e This equation can be used in most cases

8x10°
RsLope >X—[Q]
Sw

» This conservative selection should be considered when Vg < 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.

Rcowves 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 Rcoump is 2 kQ. See the Feedback Compensation section.

1
f, ea = [Hz]

21 xRcomp * Ccomp ©

- [He]
21 % Reoyp X [CCOI\/IPXCHFJ
Ccomp* CrF

fP_EA =
(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.

RsLopPe

SLOPE Vout
Generator [J_W\/‘j_
REF
RFB2
¥ <
- FB L
J
Emor' ™ | - —-——-—-———=—== -

Amplifier Rcomp  Ccomp
COMP

= o

>
1 i RFB1
CHF (optional) |
J

Type 2 Compensation Components

Comparator 12V

Figure 21. Feedback Configuration and PWM Comparator
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Feature Description (continued)
7.3.7 Soft-Start

The soft-start feature helps the regulator to gradually reach the steady state operating point, thus reducing
startup stresses and surges. The LM25122 regulates the FB pin to the SS pin voltage or the internal 1.2-V
reference, whichever is lower. The internal 10-pA 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. Soft-start time (tgg) varies by the input supply voltage, is
calculated from Equation 11.

o _ CesxL2v (Vi [sec]
ss 10uA Vour

(11)

When the UVLO pin voltage is greater than the 1.2-V UVLO threshold and VCC voltage exceeds the VCC UV
threshold, an internal 10-pA soft-start current source turns on. At the beginning of this soft-start sequence, Vgg
should be allowed to fall down below 25 mV by the internal SS pulldown switch. The SS pin can be pulled down
by external switch to stop switching, but pulling up to enable switching is not allowed. The startup delay (see
Figure 22) should be long enough for high-side boot capacitor to be fully charged up by internal BST charge
pump.

The value of Cgg should be large enough to charge the output capacitor during soft-start time.

Ces J10uA X Vour | Cour [F]
1. lout (12)

Standby

UVLO

VCC

current
source

SS

HO-SW

vouT
Figure 22. Startup Sequence
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Feature Description (continued)
7.3.8 HO and LO Drivers

The LM25122 contains strong N-channel MOSFET gate drivers and an associated high-side level shifter to drive
the external N-channel MOSFET switches. The high-side gate driver works in conjunction with an external boot
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 Cgs7 is charged from VCC through the Dggr. 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 insures 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 insures adequate dead-time for any size N-
channel MOSFET device, especially when VCC is supplied by a higher external voltage source. Be careful 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, especially if the VIN
voltage range is below the VCC regulation level or a bypass operation is required. If the bypass operation is
required, especially 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 switch’s gate
plateau voltage should be sufficient to completely enhance the N-channel MOSFET device. If the low-side N-
channel MOSFET drive voltage is lower than the low-side N-channel MOSFET device gate plateau voltage
during startup, the regulator may not start up properly and it may stick at the maximum duty cycle in a high
power dissipation state. This condition can be avoided by selecting a lower threshold N-channel MOSFET switch
or by increasing Vystartup) With the UVLO pin voltage programming.

7.3.9 Bypass Operation (Vout = Vin)

The LM25122 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 pA 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 and
the VCC voltage exceeds the VCC UV 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.

7.3.10 Cycle-by-Cycle Current Limit

The LM25122 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 may overshoot, such as inductor saturation, the current limit comparator
skips 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) = 5
€~ Rg (13)

7.3.11 Clock Synchronization

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

In Masterl mode, two types of configurations are allowed for clock synchronization. With the configuration in
Figure 23, the frequency of the external synchronization pulse is recommended to be within +40% and —20% of
the internal oscillator frequency programmed by the RT resistor. For example, 900-kHz external synchronization
clock and 20-kQ RT resistor are required for 450-kHz switching in masterl mode. 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 with AC coupling capacitor with the
Figure 23 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

[ SYNCIN/RT

Csyne S Ry LM25122

Figure 23. Oscillator Synchronization Through AC Coupling in Masterl Mode

With the configuration in Figure 24, the internal oscillator can be synchronized by connecting the external
synchronization clock into the RT pin through 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. Default logic state of fsync should be low.

fSYNC

[ F—"\W———SYNCINRT

Rt LM25122

Figure 24. Oscillator Synchronization Through a Resistor in Masterl Mode

In master2 and slave modes, this external synchronization clock should be directly connected to the RT pin and
always provided continuously. The internal oscillator frequency can be either of two times faster than switching
frequency or the same as the switching frequency by configuring the combination of FB and OPT pins (see
Table 1).

7.3.12 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, a check should be made of the required maximum
duty cycle. The minimum input supply voltage which can achieve the target output voltage is estimated from
Equation 14 or Equation 15.

Use Equation 14 if V¢ is greater than 5.5 V or Vy, is greater than 6.0 V. For low voltage applications that do
not satisfy either of these conditions, use Equation 15.

Vinviny = fsw % Vour % (400ns +margin) [V]

(14)
Vinui) = fsw x Vour x (750ns +margin) [V] (15)

In normal operation, about 100 ns of margin is recommended.
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Feature Description (continued)
7.3.13 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.

7.4 Device Functional Modes

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

A fully synchronous boost regulator implemented with a high-side switch rather than a diode has the capability to
sink current from the output in certain conditions such as light load, overvoltage or load transient. The LM25122
can be configured to operate in either forced PWM mode or diode emulation mode.

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 to a voltage greater than 1.2 V. In FPWM mode,
reverse current flow is not limited.

In 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 CSP to CSN voltage is greater than 7 mV rising threshold of zero
current detection during low-side switch on-time. If CSP to CSN voltage is less than 6 mV falling threshold of
zero current detection during high-side switch on-time, reverse current flow from output to input through the high-
side N-channel MOSFET switch 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.

L COMP +1-
[.l | 40mv
Hysteresis
1.2V SkipCycle
700k % 20mV
o> Default 0m
MODE 150mV +| _ Skip Cycle

Comparator

1.2v Diode
100k | | : Emulation

Figure 25. MODE Selection

During startup the LM25122 forces diode emulation, for startup into a pre-biased load, while the SS pin voltage is
less than 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 boot strap capacitor. Due to the internal current sense delay, configuring the
LM25122 for diode emulation mode should be carefully evaluated if the inductor current ripple ratio is high and
when operating at very high switching frequency. The transient performance during full load to no load in FPWM
mode should also be verified.

7.4.2 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 LM25122 provides two types of light load operation in diode emulation mode.
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Device Functional Modes (continued)

The skip cycle mode integrated into the LM25122 controller reduces switching losses and improves efficiency at
light load condition 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
Vuope —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.
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Device Functional Modes (continued)

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 pullup and 100 kQ
pulldown resistor sets the MODE pin to 0.15 V as a default. Since the peak current limit threshold is set to 750
mV, 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 pullup resistor to SLOPE or VCC pin or
adding an external pulldown resistor to the ground, the skip cycle threshold can be programmed. Because the
skip cycle comparator monitors the PWM comparator input which is proportional to the COMP voltage, skip cycle
operation is not recommended when the bypass operation is required.

Conventional 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 trigger in
normal operation. At light or no load conditions, the LM25122 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 struggles to find an average pulse width for LO in order to maintain regulation at light or no
load conditions.

7.4.3 Hiccup Mode Over-Load Protection

If cycle-by-cycle current limit is reached during any cycle, a 30-pA 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
over load protection sequence is initiated; The SS capacitor is discharged to GND, both LO and HO outputs are
disabled, the voltage on the RES capacitor is ramped up and down between 2-V hiccup counter lower threshold
and 4-V hiccup counter upper threshold eight times by 10-uA charge and 5-pA discharge currents. After the
eighth cycles, the SS capacitor is released and charged by the 10-pA soft-start current again. If a 3-V zener
diode is connected in parallel with the RES capacitor, the regulator enters into the hiccup mode off mode and
then never restarts until UVLO shutdown is cycled. Connect RES pin directly to the AGND when the hiccup
mode operation is not used.

Ires = 10pA Ires = -5HA

e )

Count to Eight

|
T\'\ Ings = 30pA
|
—

| Restart Delay trp

|
|
|
|
SS Hiccup Mode Off-time  tres ;:/_
ld

o TN
co [N

Figure 26. Hiccup Mode Over-Load Protection

7.4.4 Slave Mode and SYNCOUT

The LM25122 is designed to easily implement dual (or higher) phase boost converters by configuring one
controller as a master and all others as slaves. Slave mode is activated by connecting the FB pin to the VCC pin.
The FB pin is sampled during initial power-on and if a slave configuration is detected, the state is latched. In the
slave mode, the error amplifier is disabled and has a high impedance output, 10 pA hiccup mode off-time
charging current and 5-pA hiccup mode off-time discharging current are disabled, 5-pA normal-state RES
discharging current and 10-pA soft-start charging current are disabled, 30 pA fault-state RES charging current is
changed to 35 pA. 10-pA UVLO hysteresis current source works the same as master mode. Also, in slave mode,
the internal oscillator is disabled, and an external synchronization clock is required.
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Device Functional Modes (continued)

The SYNCOUT function provides a 180° phase shifted clock output, enabling easy dual-phase interleaved
configuration. By directly connecting masterl SYNCOUT to slavel SYNCIN, the switching frequency of slave
controller is synchronized to the master controller with 180° phase shift. In master mode, if OPT pin is tied to
GND, an internal oscillator clock divided by two with 50% duty cycle is provided to achieve an 180° phase-shifted
operation in two phase interleaved configuration. Switching frequency of master controller is half of the external
clock frequency with this configuration. If the OPT pin voltage is higher than 2.7-V OPT threshold or the pin is
tied to VCC, SYNCOUT is disabled and the switching frequency of master controller becomes the same as the
external clock frequency. An external synchronization clock should be always provided and directly connected to
SYNCIN for master2, slavel and slave2 configurations. See Interleaved Boost Configuration section for detailed
information.

Table 1. LM25122 Multiphase Configuration

o S N FB opT | SRROR SWITCHING FREQUENCY SYNCOUT
Masterl Feedback GND Enable fsync/2, Free running with RT resistor fsync/2, fsw —180°
Slavel VCC GND Disable fsync, No free running Disable
Master2 Feedback VCC Enable fsync, No free running Disable
Slave2 VCC VCC Disable fsync/2, No free running fsync/2, fsw —180°
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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 LM25122 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 LM25122 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 defined as the product of modulator transfer function and
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
W, gsr(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.
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Application Information (continued)

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

Feedback transfer function is defined as follows:

s
\"/ 1+ w
Z_EA
_% = AFB P — A —
ouT sl S
Wp_EA
where
; 1
Agg(Feedback DC gain) =
: Reg2 % (Ccomp + Chir)
wy ga(Low frequency zero) = 1
' B Rcomp % Ccomp
i 1
Wp ga(High frequency pole) = ———
' B Rcowmp % Che an

The pole at the origin minimizes the output steady state error. The low frequency zero should be placed 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 can be achieved at
the crossover frequency. The high frequency pole should be placed beyond the crossover frequency since the
addition of C, 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
fsw. In a simplified formula, the estimated crossover frequency can be defined as:

R
feross = COMP xD' [Hz]
T X RSfEQ xRpgy x Ag xCout
where
D = Vin
. Vour (18)

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

The modulator transfer function can be measured by 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 an additional slope 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 wide varying input voltage.
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Application Information (continued)

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,/dlp< -1, the
initial perturbation no longer disappeatr, it results in sub-harmonic oscillation in steady-state.

Steady-State
Inductor Current

: PN
' N
" fou 4 \ Cola
A\
Inductor Current with \ E
Initial Perturbation \_I

Figure 27. Effect of Initial Perturbation when dl/dly < -1

dl;/dly can be calculated as:

dy, _,_1
The relationship between dl;/dl, and K factor is illustrated graphically in the following.
3
2
1
9 /—'—_-—_
=

K=1

K=0.5

2 /
-3

00 05 10 15 20 25
K FACTOR

Figure 28. dl,/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 < O, 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 -
n(K-0.5) (20)
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Application Information (continued)

The relationship between Q and K factor is illustrated in Figure 29.

4
3
o 2
e Q=0.673
5 \.L
s i
> 0
_
o
=
B
2
3
4
00 05 10 15 20 25
K FACTOR

Figure 29. 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 sub-
harmonic oscillation at fs,/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 current loop. The maximum allowable value of K
factor can be calculated by the maximum crossover frequency equation in frequency analysis formulas in

Table 2.
Table 2. Boost Regulator Frequency Analysis
SIMPLIFIED FORMULA COMPREHENSIVE FORMULA @
R 1+ S x| 1— S . 1+ s x| 1- s
MODULATOR TRANSER Vour(s) 07_gsr ©7_RHP Vour (s) Wz, Wze
= = Ay X = = Ay X
FUNCTION Veorp(s) ™ Veowr (5) s s s ¢
CompP 1+ comp 1+ x| 1+ x| 1+ t—
Op |F Wp 1 F Wp_Esr Wp HF Wy
R D’
Modulator DC gain @ Ay =——LtOAD =
Rs ggxAs 2
02
RHP zero @ Wy gy = oa0x(O)
- LINfEQ
ESR zero w = 1 w = !
Z_ESR T 5  _~ Z_ESR — 5 _~
- Resr x Cour - Resr1 X Court
ESR pole Not considered w, = =
P_ESR =
- RESRIX(COUTII/COUTZ)
Dominant load pole w, = 2
PLF=5  _~
- Rioab * Cout
fsw
w, =—=0
o _ P_HF " K-05
Sampled gain inductor pole | Not considered or
Wp_pr = Qxw,

@

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

amplifier g’ain.

==S Rioap =
n

lour of each phase xn ‘and Cqyt = Coyt Of each phase x n, where n =
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Application Information (continued)

Table 2. Boost Regulator Frequency Analysis (continued)

SIMPLIFIED FORMULA

COMPREHENSIVE FORMULA @

Reg2 % (Ccomp + Crr)

. . _ 1
Quality factor Not considered Q= 77:(K — 0.5)
w.
h = ;W =nxfgy
Sub-harmonic double pole Not considered or
f
f = SW
"2
Ly x6x10°
K factor K=1 K=|1+ IN xD
Vin ¥Rg x10xRg| ope
. 1+ s
FEEDBACK TRANSFER | _Veowr(S) _ 5 wz_ea
FUNCTION V, S
out(s) o1y S
Wp A
. 1

Feedback DC gain Arg

Mid-band Gain

RCOMP

A =
FB_MID
- Rre2

Low frequency zero

1

Wz A= —~
- Rcomp * Ccomp

1+ s
Wp |k

s
sx| 1+
Wp A

)

) 1 1
High frequency pole w, = Wp gp =
P-FA " Reowp *Cur - Reomp *(Cere / /Ccomp )
l+w s ]x[l—w S J 14—° [1+ s ]x(l— s } 143
OPEN LOOP RESPONSE T(5) = Ay x Agg x Z_ESR Z_RHP ) Wz_EA T(S) = Ay *Arg * Wz_esr Wz_RHP N Wz_EA

2
s
142 X142 x4 52 s><[1+ ]
Wp_1F Wy _ESR Wp. Wy Wp_EA

Crossover frequency @)
(Open loop band width)

RCOMP
X RSfEQ xRpgo x Ag xCoyr

xD'

fCROSS =

Use graphic tool

Maximum cross over
frequency®

fsw Wz _RrHP

foross_max = 5 mwhichever is smaller

(3) Assuming Wz _ea =Wp_LF, Wp_Ea =Wz _EsR,

fcross <

2xmx10, 4xRcowp

Wz RHP Cooup = Rioap * Cour

,and

f f 2
foross_max = 4SXWO><( 1+4xQ —1)
or
Wz _RrHP
2xmx4
, whichever is smaller
D= _Un
Vour.

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

Interleaved operation offers many advantages in single output, high current applications such as higher
efficiency, lower component stresses and reduced input and output ripple. For dual phase interleaved operation,
the output power path is split reducing the input current in each phase by one-half. Ripple currents in the input
and output capacitors are reduced significantly since each channel operates 180 degrees out of phase from the
other. Shown in Figure 30 is a normalized (Izrms/lout) Output capacitor ripple current vs duty cycle for both a

single phase and dual phase boost converter, where Igys is the output current ripple RMS.

4.0

35

lRMSI IOUT
N
o

05

0.0
000102030405080

|

T
[
|

Single Phase.

/’
7

L~

A

=1 /

AN Dual Phase

Duty Cycle

7080910

Figure 30. Normalized Output Capacitor RMS Ripple Current

To configure for dual phase interleaved operation, one device should be configured as a master and the other
device should be configured in slave mode by connecting FB to VCC. Also COMP, UVLO, RES, SS and

SYNCOUT on the master side should be connected to COMP, UVLO, RES, SS and SYNCIN on slave side
respectively. The compensation network is connected between master FB and the common COMP connection.
The output capacitors of the two power stages are connected together at the common output.

I;l VsuppLY

Vout

Ul

AT

VsuppLY

U]

L

ra ~ :
l VW 'J .Ll l
T g et iin I Y s
= CSN VCC BST  sw = =
csp Lo
VIN o
uvLo sLoPE —~AMWMIs !
RES
s opTHI!
SYNCOUT SYNCIN/FRBT —~wWHI!
COMP %
H}—\/\N‘—
MASTER =
[¥[

CSN VCC BST gsw
CspP Lo
VIN

HO

COMP
SLOPE

SYNCIN/RT
OPT

SS

RES
FB

uvLO

VCC

SLAVE

Figure 31. Dual Phase Interleaved Boost Configuration
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Shown in Figure 32 is a dual phase timing diagram. The 180° phase shift is realized by connecting SYNCOUT on

the master side to the SYNCIN on the slave side.
o e
Free running when no SYNCIN(MASTER) I\L I\L I\I, I\L I\I, I\I,
external synchronization.

GND
) Csyne Master Internal
Optional fsync
(5Ver) (W SYNCIN/RT CLK(MASTER)
SYNCOUT

rRr |OPT=GND —| : : :

Duty cycle of fsync SW(MASTER) H ' !

Should be controlled —_— — —
for RT not to go below GND Slave SYNCOUT(MASTER)
SYNCIN/RT SYNCIN(SLAVE)
OPT=GND (50%Duty-cycle)

Internal M ] M
CLK(SLAVE)
SW(SLAVE) : : :

Figure 32. Dual Phase Configuration and Timing Diagram

Each channel is synchronized by an individual external clock in Figure 33. The SYNCOUT pin is used in
Figure 34 requiring only one external clock source. A 50% duty cycle of external synchronization pulse should be
always provided with this daisy chain configuration.

Current sharing between phases is achieved by sharing one error amplifier output of the master controller with
the 3 slave controllers. Resistor sensing is a preferred method of current sensing to accurately balance the
phase currents.

fsync should be always provided
(5Vee) Master

SYNCIN/RT
OPT=VCC

fSVNCl
SYNCIN_MASTER
Slavel

SYNCIN/RT femca
OPT=GND SYNCIN_SLAVE1

fsynct

fSYNCZ

fSVNCS
Slave2 SYNCIN_SLAVE2
SYNCIN/RT

OPT=GND fsvnca _|
SYNCIN_SLAVE3

Slave3

SYNCIN/RT
OPT=GND

fsyncs

fsynca

I A

Figure 33. 4-Phase Timing Diagram Individual Clock
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Master

fsvnc should be always provided AM SYNCIN
v SYNCOUT

=T ES -

|_ Slavel

SYNCIN SYNCIN_MASTER

fSYNC

)

OPT=GND

SYNCIN_SLAVE1

Slave?2
MAN—] synein

RT SYNCOUT
OPT=VCC _l SYNCIN_SLAVE2

|_ Slave3 SYNCIN_SLAVE3

SYNCIN
OPT=GND

Figure 34. 4-Phase Timing Diagram Daisy Chain

8.1.4 DCR Sensing

For the applications requiring lowest cost with minimum conduction loss, Inductor DC resistance (DCR) is used
to sense the inductor current rather than using a sense resistor. Shown in Figure 35 is a DCR sensing
configuration using two DCR sensing resistors and one capacitor.

Vout

|
]+

HO LO

LM25122

Figure 35. DCR Sensing

Rcsny and Cper selection should meet Equation 21 since this indirect current sensing method requires a time
constant matching. Cpcr is usually selected to be in the range of 0.1 pF to 2.2 pF.

L
R = Cpcr * Resn
DCR (21)
Smaller value of Regy Minimizes the voltage drop caused by CSN bias current, but increases the dynamic power
dissipation of Rcgy. The DC voltage drop of Regy can be compensated by selecting the same value of Reqgp, but
the gain of current amplifier, which is typically 10, is affected by adding Rcsp. The gain of current amplifier with
the DCR sensing network can be determined as:

Due to the reduced accuracy of DCR sensing, FPWM mode operation is recommended when DCR sensing is
used.
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8.1.5 Output Overvoltage Protection

Output overvoltage protection can be achieved by adding a simple external circuit. The output overvoltage
protection circuit shown in Figure 36 shuts down the LM25122 when the output voltage exceeds the overvoltage
threshold set by the zener diode.

Vout
LM25122

UVLO

|

Figure 36. Output Overvoltage Protection

8.1.6 SEPIC Converter Simplified Schematic

VsuppLY Vout

[}TANW
1

VIN

RES
SYNCOUT SS ——
OPT T
uvLo
Pewni L l

SLOPE AGND
SYNCIN/RT
% % MODE VCC BST _SW

Figure 37. Sepic Converter Simplified Schematic

8.1.7 Non-Isolated Synchronous Flyback Converter Simplified Schematic

V. 9V ~ 36V Vour
SUPPLY 744851101 2v

. sl
COUPLED .
INDUCTOR I

il

]
I

LO H
LM25122
H CsN FB
{ CcsP COMP
VIN RES
—] SYNCOUT Ss

OPT

Lo I

SLOPE ig:gi l =
SYNCINRT

i % MODEVCC BST sw_ |

Figure 38. Non-Isolated Synchronous Flyback Converter Simplified Schematic
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8.2 Typical Application
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Figure 39. Single Phase Example Schematic
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Typical Application (continued)

8.2.1 Design Requirements

DESIGN PARAMETERS VALUE
Output Voltage (Vour) 24V
Full Load Current (loyT) 45 A
Output Power 108 W
Minimum Input Voltage (Vinminy) 9V
Typical Input Voltage (Vincryp)) 12V
Maximum Input Voltage (Vingmax)) 20V
Switching Frequency (fsy) 250 kHz

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:

_9x10° _ 9x10°

= =36.0 kQ

Ry

A standard value of 36.5 kQ is chosen for Ry.

8.2.2.2 UVLO Divider Ryy,, Ryt

The desired startup voltage and the hysteresis are set by the voltage divider Ry, Ryy:. The UVLO shutdown
voltage should be high enough to enhance the low-side N-channel MOSFET switch fully. For this design, the
startup voltage is set to 8.7 V which is 0.3 V below Vyoun)- Vhys is set to 0.5 V. This results 8.2 V of
VinsHuTtoown)- The values of Ryy,, Ryy; are calculated as follows:

V, .
Ruyp = —Hvrs _ 05V g4
lys 10 pA (24)
mo__ L2VxRy, _12VX50KQ g
uvi = - h
VinsTaRTUR) —12V 8.7V -1.2V (25)

A standard value of 49.9 kQ is selected for Ryy». Ryy1 is selected to be a standard value of 8.06 kQ.

8.2.2.3 Input Inductor Ly

The inductor ripple current is typically set between 20% and 40% of the full load current, known as a good
compromise between core loss and copper loss of the inductor. Higher ripple current allows for 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 0.25, 25% of the input current was chosen. Knowing the switching frequency and
the typical output voltage, the inductor value can be calculated as follows:

Ly = Vin X 1 x(l— Vi J: 12V x 1 x(l—ﬂj =10.7 pH
12v

(26)
The closest standard value of 10 uH was chosen for L.

The saturation current rating of inductor should be greater than the peak inductor current, which is calculated at
the minimum input voltage and full load. 8.7 V startup voltage is used conservatively.

\Y/ V, . . .
34 Submit Documentation Feedback Copyright © 2015-2016, Texas Instruments Incorporated

Product Folder Links: LM25122-Q1



13 TEXAS
INSTRUMENTS
LM25122-Q1

www.ti.com SNVSAFOB —DECEMBER 2015—REVISED MAY 2016

8.2.2.4 Current Sense Resistor Rg

The maximum peak input current capability should be 20~50% higher than the required peak current at low input
voltage and full load, accounting for tolerances. For this example, 40% margin is chosen.

Vesti _ 75mV

Rs = = =3.97mQ
A closest standard value of 4 mQ is selected for Rg. The maximum power loss of Rg is calculated as follows.
Ploss(rs) = PR=(13.5 Ax1.4)°x4mQ=1.43 W (29)

8.2.2.5 Current Sense Filter Rcsep, Resens Ces

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

VIN Rs

-]
T

Rcsen §

Rcsrp
ANV

CSN

LM25122

Ccs T

o CspP

Figure 40. Current Sense Filter

8.2.2.6 Slope Compensation Resistor Rg opg

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

8x10°  8x10°

R > = =32 kQ
SLOPE ““t.w 250 kHz (30)
9 9
RsLope = L 610 = 10 pH>x6>10 =100 kQ
[KxVour — Vingamy |¥Rs x10  (1x24V ~9V)x4mQ x10 -

A closest standard value of 100 kQ is selected for Rg| opg.

8.2.2.7 Output Capacitor Coyt

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 disconnected
suddenly.

Ripple current rating of output capacitor should be carefully selected. 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 earlier than the bulk
aluminum capacitors as close to the power switches.

The output voltage ripple is dominated by ESR of the output capacitors. Paralleling output capacitor is a good
choice to minimize effective ESR and split the output ripple current into 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 simply calculated at the minimum input voltage as
follows:

lout 4.5A
IRIPPLE_MAX(COUT) = V. = 9V =6A
INMIN) o
2 “2av
Vour (32)
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Assuming 60 mQ of ESR per an output capacitor, the output voltage ripple at the minimum input voltage is
calculated as follows:

| 1 45A (60mQ 1
v, - _OUT IR+ = x + =0.252V
RIPPLE_MAX(COUT) ™ Vinwiny [ ESR T 4xCour xfow j N ( 3 4x3x330 yFx250 kHz)
24V

Vour
(33)

In practice, four 10 pF ceramic capacitors are additionally placed earlier than the bulk aluminum capacitors to
reduce the output voltage ripple and split the output ripple current.

Due to the inherent path from input to output, unlimited inrush current can flow when the input voltage rises
quickly and charges the output capacitor. The slew rate of input voltage rising should be controlled by a hot-swap
or by starting the input power supply softly for the inrush current not to damage the inductor, sense resistor or
high-side N-channel MOSFET switch.

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 happens when the input voltage is half of the output
voltage can be calculated as follows:

Vour _ 24V - 0.00v
_ _-o.
32xLy xCiy xfqy2  32x10 pHx4x3.3 JF x 250 kHz (34

VRIPPLE_ MAX(CIN) =

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

8.2.2.9 VIN Filter Ryjn, Cyin

An R-C filter (Ryn, Cyin) On VIN pin is optional. It is not required if 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 uF ceramic capacitor is used this example. 3 Q of Ryy and 0.47
pF of Cyy are normal recommendations. A larger filter with 2.2 u~4.7 pF Cy,y is recommended when the input
voltage is lower than 8 V or the required duty cycle is close to the maximum duty cycle limit.

VIN

D—’\/\/\—_T_— VIN
Rvin Cvn\nI LM25122

Figure 41. VIN Filter

8.2.2.10 Bootstrap Capacitor Cgst and Boost Diode Dggy

The bootstrap capacitor between the BST and SW pin supplies the gate current to charge the high-side N-
channel MOSFET device gate during each cycle’s turn-on and also supplies recovery charge for the bootstrap
diode. These current peaks can be several amperes. The recommended value of the bootstrap capacitor is 0.1
uF. Cgst 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:

Cast = 7
AVgst (39)

Where Qg is the high-side N-channel MOSFET gate charge and AVggt is the tolerable voltage droop on Cgsr,
which is typically less than 5% of VCC or 0.15 V, conservatively. In this example, the value of the BST capacitor
(CgsT) is 0.1 pF.
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The voltage rating of Dggt should be greater than the peak SW node voltage plus 16 V. A low leakage diode is
mandatory for the bypass operation. The leakage current of Dggr 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
leakage is excessive, a zener VCC clamp or bleed resistor may be required. High-side driver supply voltage
should be greater than the high-side N-channel MOSFET switch’s gate plateau at the minimum input voltage.

8.2.2.11 VCC Capacitor Cycc

The primary purpose of the VCC capacitor is to supply the peak transient currents of the LO driver and bootstrap
diode as well as provide stability for the VCC regulator. These peak currents can be several amperes. The value
of Cycc should be at least 10 times greater than the value of Cggy, 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 pF was selected for this design example.

8.2.2.12 Output Voltage Divider Rrgq, Rega
Reg1 and Reg, set the output voltage level. The ratio of these resistors is calculated as follows:
Res2 _ Vour 4
Reg; 1.2V (36)

The ratio between Rcomp and Reg, determines the mid-band gain, Agg uip- A larger value for Rgg, may require a
corresponding larger value for Reovp. Rege should be large enough to keep the total divider power dissipation
small. 49.9 kQ in series with 825 Q was chosen for high-side feedback resistors in this example, which results in
a Reg; value of 2.67 kQ for 24 V output.

8.2.2.13 Soft-Start Capacitor Cgg

The soft-start time (tgs) is the time for the output voltage to reach the target voltage from the input voltage. The
soft-start time is not only proportional with the soft-start capacitor, but also depends on the input voltage. With
0.1 pF of Cgg, the soft-start time is calculated as follows:

C 1.2v \Y . .
tssiny = S5 X | 12 INva) | 0.1uyFx1.2V «[1- 20V 2 msec
lss Vout 10 pA 24V 37)
V,
tesoma) = Cgg x1.2V | 1 INVINY | 0.1 yFx1.2V 5 1_ﬂ 7.5 msec
ISS VOUT 10 HA 24V (38)

8.2.2.14 Restart Capacitor Crgg

The restart capacitor determines restart delay time tgp and hiccup mode off time tres (see Figure 26). tgp should
be greater than tssgax). The minimum required value of Cgres can be calculated at the low input voltage as
follows:

| xt

RES Xlssmax) _ 30 pAx7.5 msec _ 0.19 uF

A standard value of 0.47 pF is selected for Cggs.

Cresviny =

8.2.2.15 Low-Side Power Switch Q_

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

Low-side conduction loss is approximately calculated as follows:

2

V, | x V,
Pconpits) = Dxlyz *Rps_ons) x1.3 = [1— v N JX( OUTV OUTJ xRps_ons) ¥1-3[W] o)
ouTt IN 40
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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 approximately calculated as follows:

PswiLs) = 0.5x Vour xln x (tg + tg) x foyw [W] (a1)
tr 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.

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 Q4 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 for the low-side N-channel MOSFET device only. 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 device switches.

High-side conduction loss is approximately calculated as follows:

Vin }X ['om x Vour
Vin

2
Pconpns) = (1-D)xl2 *Rps_onns) x1-3 :( j *Rps_ons) x1-3[W]

VOUT

(42)
Dead-time loss is approximately calculated as follows:
Pot(s) = Vb X In X (torn + tori) X fsw [W]
where
e Vpis the forward voltage drop of the high-side NMOS body diode. (43)

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

Reverse recovery loss is approximately calculated as follows:

Prr(ts) = Vour % Qgrr * fsw [W] (44)
where
* Qgr is the reverse recovery charge of the high-side N-channel MOSFET body diode. (45)

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’s because the diode conducts
only during dead-times. The power rating of the parallel diode should be equivalent or higher than high-side
switch’s if bypass operation is required, hiccup mode operation is required or any load exists before 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 voltage. 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 more damping, but this also results higher 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 Loop Compensation Components Ccomes Rcomps Cur

Rcomps Ccomp @and Cye configure the error amplifier gain and phase characteristics to produce a stable voltage
loop. For a quick start, follow the following 4 steps:
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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.

f
W = 25 kHz
Vour . N y2
f n2 X( )
z_RHP _ Rioap*(O) _ lour  Vour” _cayny,
4 A4x2nxLy go  4x2nxLy gg

(46)

(47)

5.3 kHz of the crossover frequency is selected between two. RHP zero at minimum input voltage should be

considered if the input voltage range is wide.
2. Determine required Rcomp

Knowing fcross, Reowmp is calculated as follows:

V,
R Re xR out
comp = fecross X Rs xRegp x10x Coyr x

IN

A standard value of 68.1 kQ is selected for Rcomp

=68.5 kQ

(48)

3. Determine Copp to cancel load pole. Place error amplifier zero at the twice of load pole frequency. Knowing

Rcomp: Ccowp is calculated as follows:

F'2LOAD XCOUT =20.2nF

C =
COMP AXReomp

A standard value of 22 nF is selected for Ccomp
4. Determine Cyr to cancel ESR zero.

Knowing Rcomp, Resg and Ceowmp, Chr is calculated as follows:

Resr X Cout X Ccomp

Rcomp * Ccomp —Resr * Cour

A standard value of 330 pF is selected for Cyp.

8.2.3 Application Curves

(49)

(50)

LaCray|

LeCroy|

C1: Fsync, C2: VsuppLy = 12V, C1:SW VsuppLy = 12V,
SW Fsyne = 500 kHz lLoap = 0A
Figure 42. Clock Synchronization Figure 43. Forced PWM
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Figure 46. Loop Response

ClL:SW VsuppLy = 12V, Cl:SW VsuppLy = 12V,
lLoap = 0A lLoap = 0A
Figure 44. Pulse Skip Figure 45. Skip Cycle
40 180 . i)
Vi =12v g5 - T
30 \\ PHASE lom = 4 57 135
20 ¥ 90
gm \\ 45 E
Z 1))
¢ i i
-10 GAIN" 45
20 -90
-30 135
-40 180
100 1000 10000 100000 = o
FREQUENCY [Hz] o T
CL:Sw VsuppLy =12V, C1: VsuppLy, C2: Inductor current, C3: VsuppLy =12V,

lLoap = 0A

VOUT! C4: SS ILOAD = 0A

Figure 47. Start-Up
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9 Power Supply Recommendations

LM25122 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 pullup or pulldown 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 LM25122 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

Place controller as
close to the switches

VOuT GND GND VIN

Figure 48. Power Path Layout
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11 Device and Documentation Support

11.1 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.

11.2 Trademarks

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

11.3 Electrostatic Discharge Caution

‘ 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.

11.4 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 @ ©) @ (/5)
LM25122QPWPRQ1 ACTIVE PWP 20 2500  Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LM25122Q
& no ShiBr) PWPQ1L P
LM25122QPWPTQ1 ACTIVE PWP 20 250 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LM25122Q
& no SbiBr) PWPQ1 P

® 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 Sb/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, Tl 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 Sb/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.

© Lead/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 TlI'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.
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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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ 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 QfSprocket 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)

LM25122QPWPRQ1 |HTSSOP| PWP

20

2500 330.0 16.4 6.95 7.1 1.6 8.0 16.0

Q1

LM25122QPWPTQ1 |HTSSOP| PWP

20

250 178.0 16.4 6.95 7.1 1.6 8.0 16.0

Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM25122QPWPRQ1 HTSSOP PWP 20 2500 367.0 367.0 35.0
LM25122QPWPTQ1 HTSSOP PWP 20 250 210.0 185.0 35.0
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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