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6 Pin Configuration and Functions

34 bump DSBGA with 0.4mm pitch

TOP VIEW
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A B C D E F G
Pin Functions
Pin .
110 Description
Name No.
Buck Switcher Regulator 1 - Power supply voltage input for power stage PFET, if buck 1 is
VIN_B1 A/B5 I .
- not used, tie to ground to reduce leakage.
SW_B1 A/B6 (0] Buck Switcher Regulator 1 - Power Switching node, connect to inductor
FB_B1 A/B4 | Buck Switcher Regulator 1 - Voltage output feedback for Buck Regulator 1
GND_B1 A/B7 G Buck Switcher Regulator 1 - Power ground for Buck Regulator
Buck Switcher Regulator 2 - Power supply voltage input for power stage PFET, if buck 2 is
VIN_B2 G3 I .
not used, tie to ground to reduce leakage.
SW_B2 FIG2 (0] Buck Switcher Regulator 2 - Power Switching node, connect to inductor
FB_B2 F3 | Buck Switcher Regulator 2 - Voltage output feedback for Buck Regulator 2
GND_B2 G1 G Buck Switcher Regulator 2 - Power ground for Buck Regulator
VIN_B3 G5 | Buck Switcher Regulator 3 - Power supply voltage input for power stage PFET
SW_B3 FIG6 (0] Buck Switcher Regulator 3 - Power Switching node, connect to inductor
FB_B3 F5 | Buck Switcher Regulator 3 - Voltage output feedback for Buck Regulator 3
GND_B3 G7 G Buck Switcher Regulator 3 - Power ground for Buck Regulator
VIN A3 | Power supply Input Voltage, must be present for device to work
LDO A2 (0] LDO Regulator - LDO regulator output voltage
SPI_CS F1 | SPI Interface — chip select
SPI_DI D1 | SPI Interface — serial data input
SPI_DO El (0] SPI Interface — serial data output
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Pin Functions (continued)

Pin .
I/0 Description
Name No.
SPI_CLK C1 | SPI Interface — serial clock input
ENABLE G4 | Digital Input Control Signal to Enable/Disable PMIC. Signal Level is related to VIN_IO. This
is an active High pin with an internal pull-down resistor.
GND F4 | Digital Input Control Signal — Not Used — Connect to GND.
Digital Input Control Signal for entering Device Sleep Mode — see table 1. This is an active
DEVSLP E7 | . L : 4
High pin with an internal pull-down resistor.
RESET E7 | Digital Input Control Signal to abort SPI transactions and resets the PMIC to default
Voltages. This is an active Low pin with an internal pull-up resistor.
GND c7 | Not Used — Connect to GND.
PWR_OK Al (0] Digital Output of Power Good signal — all output rails are started.
Supply Voltage for Digital Interface Signals to ASIC like SPI, RESET, DEVSLP, ENABLE,
VIN_IO B1 P
- PWR_OK.
GND B2 G Ground. Connect to system Ground.
GND B3 G Ground. Connect to system Ground.
GND D7 G Ground. Connect to system Ground.

A: Analog Pin D : Digital Pin G: Ground Pin P:

Power Pin I: Input Pin O: Output Pin

Copyright © 2014, Texas Instruments Incorporated
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7 Specifications

7.1 Absolute Maximum Ratings®®@®

MIN MAX UNIT
VIN, -0.3 6.0 \
VIN_IO, VIN_B1, VIN_B2, VIN_B3, SPI_CS, SPI_DI, SPI_CLK, SPI_DO, ENABLE, RESET, PWR_OK, -0.3 VIN \Y
DEVSLP
Junction Temperature (Tjuax) 150 °C

(1) Absolute Maximum Ratings are limits beyond which damage to the device may occur. Operating Ratings are conditions under which
operation of the device is ensured. Operating Ratings do not imply ensured performance limits. For ensured performance limits and
associated test conditions, see the Electrical Characteristics tables.

(2) Internal thermal shutdown protects device from permanent damage. Thermal shutdown engages at T; = +140°C and disengages at T; =
+120°C (typ.). Thermal shutdown is ensured by design.

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

specifications.

7.2 Handling Ratings

MIN MAX UNIT

Tsg Storage temperature range -65 150 °C
Vieso) | Electrostatic discharge ;?]r;w(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all 1.0 KV
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions®®
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
VIN_B1, VIN_B2_VIN_B3, VIN 3.0 55 Y
VIN_IO 1.75 3.63, but less than VIN \%
Junction Temperature (T;) -30 125 °C
Ambient Temperature (Tp) -30 85 °C
Maximum Continuous Power Dissipation (Pp.yax) 0.9 W

(1) In applications where high power dissipation and/or poor thermal resistance is present the maximum ambient temperature may have to
be derated. Maximum ambient temperature (Ta.max) iS dependent on the maximum operating junction temperature (T3 yax-op = +125°C),
the maximum power dissipation of the device in the application (Pp.vax), and the junction-to-ambient thermal resistance of the
part/package in the application (834), as given by the following equation: Ta.max = Ti-max-op — (03a X Pp-max)-

(2) The amount of Absolute Maximum power dissipation allowed for the device depends on the ambient temperature and can be calculated
using the formula: P = (T;—Ta)/0;3a, Where T; is the junction temperature, T, is the ambient temperature, and 03, is the junction-to-
ambient thermal resistance. 83, is highly application and board-layout dependent. Internal thermal shutdown circuitry protects the device
from permanent damage (see General Electrical Characteristics)

7.4 Thermal Information

THERMAL METRIC

TYP UNIT

Reia

Junction-to-Ambient Thermal Resistance ™

44.5 °C/W

(1) In applications where high power dissipation and/or poor thermal resistance is present the maximum ambient temperature may have to
be derated. Maximum ambient temperature (Tauax) is dependent on the maximum operating junction temperature (T ;. yax.op = +125°C),
the maximum power dissipation of the device in the application (Pp.yax), and the junction-to-ambient thermal resistance of the
part/package in the application (8;3,), as given by the following equation: Ta.max = Timax-op — (634 X Pp-max)-

Copyright © 2014, Texas Instruments Incorporated
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7.5 General Electrical CharacteristicsW®®)

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Quiescent Supply DEVSLP=High Only Buck3 is ON
la(sTANDEY) Current ,PFM mode, no load. ¥ 50 150 KA
UNDER/OVERVOLTAGE LOCK OUT
VUVLO_RISING LM10507-A4 25 2.8 2.95
VuvLo_FALLING @ 2.35 2.5 2.65 v
VovLo_RISING LM10507-A4 5.7 5.9
VovLo_FALLING LM10507-A4 5.6 5.8
DIGITAL INTERFACE
Vi Logic input low SPI_CS, SPI_DI, SPI_CLK, ENABLE, 0.3*Vvin_io
VlH LOgiC input hlgh RESETY DEVSLP(S)(@ 0'7*VV|N_|0 v
V Logic output low 0.2*V,
oL gic output o PWR_OK (at 2mA load), SPI_DO® VINIO
VoH Logic output high 0.8*Vyin_io
o SPI_CS, SPI_DI, SPI_CLK, ENABLE,
Input current, pindriven | peysLp -2
hu low HA
RESET -5
| Input current, pindriven | SPI_CS, SPI_DI, SPI_CLK, RESET A
'H high ENABLE, DEVSLP 5 H
fspi_max SPI max frequency @) 10 MHz
Minimum pulse width
toevsLp (5) 2 us
Minimum pulse width
tRESET ®) P 2
Minimum pulse width
tEnABLE ) 5 ps
t Transition time of 0 1
Comp PWR_OK output ©)

(1) Alllimits are ensured by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested

during production with T; = 25°C. All hot and cold limits are ensured by correlating the electrical characteristics to process and

temperature variations and applying statistical process control.
(2) Capacitors: Low-ESR Surface-Mount Ceramic Capacitors (MLCCs) are used in setting electrical characteristics.

(3) Unless otherwise noted, Viy = 5.0V where: Vi = Vyn_g1 = Vyin_g2 = Vvin_ga, Limits apply for T, = 25°C unless otherwise noted.

(4) Limits apply over the entire operating junction temperature range of —30°C <TA = TJ < +85°C.
(5) Specification ensured by design. Not tested during production.
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7.6 Buck 1 Electrical Characteristics ®@®®

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
o DC Bias Current in Vg No Load, PFM Mode® 15 50 PA
louT-max Slj)rr;g:]\tu%l)](s?)r(g)aximum load Buck 1 enabled, switching in PWM © 16 A
IpEAK Peak switching current limit Buck 1 enabled, switching in PWM® 1.9 2.2 2.8 A
n Efficiency peak, Buck 1 lout = 0.3A, Vyn=5.0V 90%
Fsw Switching Frequency © ®) 1.75 2 2.3 MHz
Cin Input Capacitor © 4.7 "
Cour Output Filter Capacitor © OMA < lour £ lourama 10 10 100
Output Capacitor ESR ©) 20 mQ
L Output Filter Inductance © 2.2 pH
DC Line regulation ©® 3.3V < Vjn £ 5.0V, oyt = louT-max 0.5 %IV
AvouT DC Load regulation, PWM © Vvin=5 V, 0.1 *lout-maxs lout < lour- 03 %IA
MAX
Irs Feedback pininput bias current | Vgg = 1 V® 1.2 5 PA
Vs Feedback accuracy Veg =1 VO -3% 3%
RpS-ON-HS High Side Switch On Resistance Vin =50V 135 mQ
Viy = 2.6V 215
RDS-ON-LS Low Side Switch On Resistance | Vy;y=5.0 V® 85 190 mQ
STARTUP
Startup from shutdown, Voyt = 0V, no
TSTART_NoLoad Internal soft-start (turn on time) © Isooaf?v’v;i\_r((:a :;ngém?:ff:g%%/i:ffiiﬂg| 0.1 ms
value
Startup from shutdown, Voyt = 0V,
TSTART FullLoad Internal soft-start (turn on time) © g;ac)ﬂmuurgirl;gzg}tbvi rz ;enc:br? en,qson(\j/eo?” 0.5 ms
= 95% of final value

(1) Alllimits are ensured by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested
during production with T; = 25°C. All hot and cold limits are ensured by correlating the electrical characteristics to process and
temperature variations and applying statistical process control.

(2) Capacitors: Low-ESR Surface-Mount Ceramic Capacitors (MLCCs) are used in setting electrical characteristics.

(3) BUCK normal operation is ensured if V|y 2 Vour+1.0V.

(4) Unless otherwise noted, Viy = 5.0V where: Viy = Vyin_g1 = Vuin_g2 = Vvin_ga. Limits apply for T; = 25°C unless otherwise noted.

(5) Limits apply over the entire operating junction temperature range of -30°C <TA = TJ < +85°C.

(6) Specification ensured by design. Not tested during production.

@)

®)

In applications where high power dissipation and/or poor thermal resistance is present the maximum ambient temperature may have to
be derated. Maximum ambient temperature (Ta.max) iS dependent on the maximum operating junction temperature (T j.yax-op = +125°C),
the maximum power dissipation of the device in the application (Pp_uax), and the junction-to-ambient thermal resistance of the
part/package in the application (8;4), as given by the following equation: Ta.max = Ti-max-op — (634 X Pp-max)-

The amount of Absolute Maximum power dissipation allowed for the device depends on the ambient temperature and can be calculated
using the formula: P = (T;-Ta)/0;a, Where T; is the junction temperature, T, is the ambient temperature, and 83, is the junction-to-
ambient thermal resistance. 8, is highly application and board-layout dependent. Internal thermal shutdown circuitry protects the device
from permanent damage (see General Electrical Characteristics)

Copyright © 2014, Texas Instruments Incorporated 7
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7.7 Buck 2 Electrical Characteristics ®@®®

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
o DC Bias Current in V|y No Load, PFM Mode® 15 50 PA
louT -max Sl?rr:ggtu%f(sy)r(g?mmum load Buck 1 enabled, switching in PWM® 1 A
IpEAK Peak switching current limit Buck 1 enabled, switching in PWM®) 1.35 1.6 1.85 A
n Efficiency peak, Buck 2 lour = 0.3A, Vyny=5.0V 90%
Fsw Switching Frequency ©® ®) 1.75 2 2.3 MHz
Cin Input Capacitor © 4.7
%utput Filter Capacitor 10 10 100 H
Cour OmA < loyt Slout-Max
Output Capacitor ESR © 20 mQ
L Output Filter Inductance © 2.2 pH
AV DC Line regulation © 33V<Vy<50V, lout = louT-max 0.5 %NV
out DC Load regulation ®, PWM | VIN =5 V, 0.1*lour-maxS lout € loutmax 0.3 %/A
Irs Feedback pininput bias current | Veg = 1.8 V©® 2.2 5 PA
Vs Feedback accuracy Veg =2 V©® -3% -3%
R High Side Switch On Vyn =5.0V 135
DS-ON-HS Resistance Viy =26V 215 Q
IN = 4. m
RDS-ON-LS Low Side Switch On Resistance | Vi,y = 5.0 V® 85 190
STARTUP
Startup from shutdown, Voyt = 0V, no
T Internal soft-start (turn on time) | load, LC = recommended circuit, using 0.1 ms
START_NoLoad ®) software enable, to Vour = 95% of final :
value
Start up from shutdown, Vgout =0V,
T Internal soft-start (turn on time) | Maximum Load, LC = recommended 0.5 ms
START_FullLoad ®) circuit, using software enable, to Vour = :
95% of final value

(1) Alllimits are ensured by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested
during production with T; = 25°C. All hot and cold limits are ensured by correlating the electrical characteristics to process and
temperature variations and applying statistical process control.

(2) Capacitors: Low-ESR Surface-Mount Ceramic Capacitors (MLCCs) are used in setting electrical characteristics.

(3) BUCK normal operation is ensured if V|y 2 Vour+1.0V.

(4) Unless otherwise noted, V|y = 5.0V where: V|y = Vyin B1 = Vvin B2 = Vvin B3, Limits apply for T; = 25°C unless otherwise noted.

(5) Limits apply over the entire operating junction temperature range of —30°C <TA = TJ < +85°C.

(6) Specification ensured by design. Not tested during production.

(7) In applications where high power dissipation and/or poor thermal resistance is present the maximum ambient temperature may have to
be derated. Maximum ambient temperature (Ta.max) iS dependent on the maximum operating junction temperature (T j.yax-op = +125°C),
the maximum power dissipation of the device in the application (Pp_uax), and the junction-to-ambient thermal resistance of the
part/package in the application (8;4), as given by the following equation: Ta.max = Ti-max-op — (634 X Pp-max)-

(8) The amount of Absolute Maximum power dissipation allowed for the device depends on the ambient temperature and can be calculated
using the formula: P = (T;-Ta)/0;a, Where T; is the junction temperature, T, is the ambient temperature, and 83, is the junction-to-
ambient thermal resistance. 8, is highly application and board-layout dependent. Internal thermal shutdown circuitry protects the device
from permanent damage (see General Electrical Characteristics)
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7.8 Buck 3 Electrical Characteristics ®@®®

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
o DC Bias Current in Vg No Load, PFM Mode® 15 50 PA
louT-max S&ngtu(g)lf%(g;axmum load | Byck 1 enabled, switching in PWM © 1 A
IpEAK Peak switching current limit | Buck 1 enabled, switching in PWM®) 1.35 1.6 1.85 A
n Efficiency peak, Buck 3 ® | Iyt = 0.3A, Vyn=5.0 V 90%
Fsw Switching Frequency © ®) 1.75 2 2.3 MHz
Cin Input Capacitor © 4.7 "
c Output Filter Capacitor © OmA S <] 10 10 100
mA < < .
out Output Capacitor ESR ©) OuT = OUT-MAX 20 mQ
L Output Filter Inductance © 2.2 pH
AVOUT DC Line regulation © 33V V5.0V, lout = lout-max 0.5 %IV
DC Load regulation, PWM ® | VIN=5 V, 0.1* loyr-max < lout2louT-max 0.3 %IA
Feedback pininput bias _ (5)
IFB current VFB =15V 1.0 5 LIA
Vs Feedback accuracy Veig=3V O -3% -3%
R High Side Switch On Vyin=5.0 V 135
DS-ON-HS Resistance ViN=26V 215 mo
Low Side Switch On
Ros-on-Ls Resistance Vy=5.0 V) 85 190
STARTUP
Startup from shutdown, Voyt =0V, no
T Internal soft-start (turn on load, LC = recommended circuit, using 0.1 ms
START_NoLoad time) © software enable, to Vour = 95% of final :
value
Start up from shutdown, Vout=0V,
T Internal soft-start (turn on Maximum Load, LC = recommended 0.5 ms
START_FullLoad time) © circuit, using software enable, to Vot = :
95% of final value

(1) Alllimits are ensured by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested
during production with Ty = 25°C. All hot and cold limits are ensured by correlating the electrical characteristics to process and
temperature variations and applying statistical process control.

(2) Capacitors: Low-ESR Surface-Mount Ceramic Capacitors (MLCCs) are used in setting electrical characteristics.

(3) BUCK normal operation is ensured if V|y = Vout+1.0 V.

(4) Unless otherwise noted, V|y = 5.0V where: V|y = Vyin 81 = Vvin B2 = Vvin B3, Limits apply for T; = 25°C unless otherwise noted.

(5) Limits apply over the entire operating junction temperature range of —30°C <TA = TJ < +85°C.

(6) Specification ensured by design. Not tested during production.

(7) In applications where high power dissipation and/or poor thermal resistance is present the maximum ambient temperature may have to
be derated. Maximum ambient temperature (Ta.vax) iS dependent on the maximum operating junction temperature (T yax.op = +125°C),
the maximum power dissipation of the device in the application (Pp.max), and the junction-to-ambient thermal resistance of the
part/package in the application (8;,), as given by the following equation: Ta max = Timax-op — (834 X Pp-max)-

(8) The amount of Absolute Maximum power dissipation allowed for the device depends on the ambient temperature and can be calculated
using the formula: P = (T;—Ta)/0;a, Where T; is the junction temperature, T, is the ambient temperature, and 8;, is the junction-to-
ambient thermal resistance. 0,4 is highly application and board-layout dependent. Internal thermal shutdown circuitry protects the device
from permanent damage (see General Electrical Characteristics)
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7.9 LDO Electrical Characteristics ®@®

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vout Output Voltage Accuracy lout = 1MA, Vour= 2.5 V@ -3% +3%
lout Maximum Output Current @) 250 mA
Isc Short-Circuit Current Limit 0.5 A
Vbo Dropout Voltage ® lout = 250 mA® 200 260
AVour Line Regulation 33V<EVys55V, gyt =1mA 5 mV
Load Regulation ImA <oyt <250 mA, Viy=3.3V,50V 5
o o . ) Vin=50V 10
N utput Noise Voltage 10 Hz = f < 100 kHz Vi =33V s UVRMs
PSRR Power Supply Rejection Ratio © F=10KkHz, Coyr = 4.7 WF, Vin=50V e dB
lout = 20 MA Viy=3.3V 40
tsTARTUP Startup Time from Shutdown © g&%; 4.7 WFlour = z:: ; 22 z Zz Hs
Trransient | Startup Transient Overshoot Cout = 4.7 YF loyt = 250mA©® 30 | mv

(1) Alllimits are ensured by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested
during production with T; = 25°C. All hot and cold limits are ensured by correlating the electrical characteristics to process and
temperature variations and applying statistical process control.

(2) Capacitors: Low-ESR Surface-Mount Ceramic Capacitors (MLCCs) are used in setting electrical characteristics.

(3) Unless otherwise noted, V|y = 5.0V where: V|y = Vyin B1 = Vvin B2 = Vyvin B3, Limits apply for T; = 25°C unless otherwise noted.

(4) Limits apply over the entire operating junction temperature range of —30°C <TA = TJ < +85°C.

(5) Dropout voltage is the voltage difference between the input and the output at which the output voltage drops to 100 mV below its
nominal value.

(6) Specification ensured by design. Not tested during production.

10
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7.10 Typical Characteristics
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8 Detailed Description

8.1 Overview

LM10507 is a highly efficient and integrated Power Management Unit for Systems-on-a-Chip (SoCs), ASICs, and
processors. It operates cooperatively and communicates with processors over an SPI interface with output
Voltage programmability and Standby Mode. The device incorporates three high-efficiency synchronous buck
regulators and one LDO that deliver four output voltages from a single power source. The device also includes a

SPI-programmable Comparator Block that provides an interrupt output signal

8.2 Functional Block Diagram

l

EN

o w 75 O x
; S s 93
S a2 F &
SPI
e CONTROL REGISTERS
——3{ DEVSLP LOGIC
—— | EnaBLE
1
1
—p»| vin_BL
-—— swaBl SWi1
— Gwoai BUCK1
— 3| rBB1
< pwr ok POWER GOOD STATUS

a o [a) o o
56 5 35 35
VIN.B2 |-p——
LDO SW. B2 i
N SW2 GND B2 o
BUCK2 FB_B2
A
EN
_ﬂ- TSD
2
L
S
< L
ST\ 8
[ | NI —— )
ﬂ' ovLo
UvVLO
EN
VIN.B3 |——
sw B3 p—P
EabDLELERLELL SW3 GND_B3 p—
BUCK3 FB.83 |

8.3 Feature Description

8.3.1 Buck Regulators Operation

A buck converter contains a control block, a switching PFET connected between input and output, a synchronous
rectifying NFET connected between the output and ground and a feedback path. The following figure shows the

block diagram of each of the three buck regulators integrated in the device.

12
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Feature Description (continued)

Ul
LM10507
FB

CONTROL

Figure 6. Buck Functional Diagram

During the first portion of each switching cycle, the control block turns on the internal PFET switch. This allows
current to flow from the input through the inductor to the output filter capacitor and load. The inductor limits the
current to a ramp with a slope of (V\y — Vout)/L by storing energy in a magnetic field. During the second portion
of each cycle, the control block turns the PFET switch off, blocking current flow from the input, and then turns the
NFET synchronous rectifier on. The inductor draws current from ground through the NFET to the output filter
capacitor and load, which ramps the inductor current down with a slope of (—Voy)/L.

The output filter stores charge when the inductor current is high, and releases it when low, smoothing the voltage
across the load. The output voltage is regulated by modulating the PFET switch on time to control the average
current sent to the load. The effect is identical to sending a duty-cycle modulated rectangular wave formed by the
switch and synchronous rectifier at the SW pinto a low-pass filter formed by the inductor and output filter
capacitor. The output voltage is equal to the average voltage at the SW terminal.

8.3.2 Buck Regulators Description

The LM10507 incorporates three high-efficiency synchronous switching buck regulators that deliver various
voltages from a single DC input voltage. They include many advanced features to achieve excellent voltage
regulation, high efficiency and fast transient response time. The bucks feature voltage mode architecture with
synchronous rectification.

Each of the switching regulators is specially designed for high-efficiency operation throughout the load range.
With a 2MHz typical switching frequency, the external L- C filter can be small and still provide very low output
voltage ripple. The bucks are internally compensated to be stable with the recommended external inductors and
capacitors as detailed in the application diagram. Synchronous rectification yields high efficiency for low voltage
and high output currents.

All bucks can operate up to a 100% duty cycle allowing for the lowest possible input voltage that still maintains
the regulation of the output. The lowest input to output dropout voltage is achieved by keeping the PMOS switch
on.

Additional features include soft-start, undervoltage lockout, bypass, and current and thermal overload protection.
To reduce the input current ripple, the device employs a control circuit that operates the 3 bucks at 120° phase.
These bucks are nearly identical in performance and mode of operation. They can operate in FPWM (forced
PWM) or automatic mode (PWM/PFM).

8.4 Device Functional Modes

8.4.1 PWM Operation

During PWM operation the converter operates as a voltage-mode controller with input voltage feed forward. This
allows the converter to achieve excellent load and line regulation. The DC gain of the power stage is proportional
to the input voltage. To eliminate this dependence, a feed forward voltage inversely proportional to the input
voltage is introduced.

In Forced PWM Mode the bucks always operate in PWM mode regardless of the output current.

Copyright © 2014, Texas Instruments Incorporated 13
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Device Functional Modes (continued)

In Automatic Mode, if the output current is less than 70 mA (typ.), the bucks automatically transition into PFM
(Pulse Frequency Modulation) operation to reduce the current consumption. At higher than 70 mA (typ.) they
operate in PWM mode. This increases the efficiency at lower output currents.

v PWM Mode at
out
A PEM Mode at Liaht Load Moderate to
- odeatLight Loa Heavy Loads
h "l High PFM
Threshold
Load current "
increases, draws ~1.016*Vour
Vout towards Low 2
PFM Threshold
Lowl PFM
Threshold
T ~1.008*Vour
Low 2 PFM
PFETON  NEETon  High PFM  Low PFM Load Threshold,
until drains Voltage  Threshold, current switch back to
LPF_M inductor Threshold turn on increases PWM mode
limit current reached, PFET
reached until go into
linductor=0 idle mode
Low2 PFM
—— Threshold
Vour
» Time

Figure 7. PFM vs PWM Operation

8.4.2 PFM Operation (Bucks 1, 2 & 3)

At very light loads, Bucks 1, 2, and Buck 3 enter PFM mode and operate with reduced switching frequency and
supply current to maintain high efficiency.

Bucks 1, 2 and 3 will automatically transition into PFM mode when either of two conditions occurs for a duration
of 32 or more clock cycles:

1. The inductor current becomes discontinuous, or
2. The peak PMOS switch current drops below the lyope level.

During PFM operation, the converter positions the output voltage slightly higher than the nominal output voltage
during PWM operation, allowing additional headroom for voltage drop during a load transient from light to heavy
load. The PFM comparators sense the output voltage via the feedback pinand control the switching of the output
FETs such that the output voltage ramps between 0.8% and 1.6% (typical) above the nominal PWM output
voltage. If the output voltage is below the ‘high’ PFM comparator threshold, the PMOS power switch is turned on.
It remains on until the output voltage exceeds the ‘high’ PFM threshold or the peak current exceeds the Ipgy level
set for PFM mode.

Once the PMOS power switch is turned off, the NMOS power switch is turned on until the inductor current ramps
to zero. When the NMOS zero-current condition is detected, the NMOS power switch is turned off. If the output
voltage is below the ‘high’ PFM comparator threshold (see Figure 7), the PMOS switch is again turned on and
the cycle is repeated until the output reaches the desired level. Once the output reaches the ‘high’ PFM
threshold, the NMOS switch is turned on briefly to ramp the inductor current to zero and then both output
switches are turned off and the part enters an extremely low power mode. Quiescent supply current during this
‘idle” mode is less than 100 pA, which allows the part to achieve high efficiencies under extremely light load
conditions. When the output drops below the ‘low’ PFM threshold, the cycle repeats to restore the output voltage
to ~1.6% above the nominal PWM output voltage.

If the load current should increase during PFM mode causing the output voltage to fall below the ‘low2’ PFM
threshold, the part will automatically transition into fixed-frequency PWM mode.
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Device Functional Modes (continued)
8.4.3 Soft Start
Each of the buck converters has an internal soft-start circuit that limits the in-rush current during startup. This

allows the converters to gradually reach the steady-state operating point, thus reducing startup stresses and
surges. During startup, the switch current limit is increased in steps.

For Bucks 1, 2 and 3 the soft start is implemented by increasing the switch current limit in steps that are
gradually set higher. The startup time depends on the output capacitor size, load current and output voltage.
Typical startup time with the recommended output capacitor of 10 pF is 0.1-0.5ms. It is expected that in the final
application the load current condition will be more likely in the lower load current range during the startup.

8.4.4 Current Limiting

A current limit feature protects the device and any external components during overload conditions. In PWM
mode the current limiting is implemented by using an internal comparator that trips at current levels according to
the buck capability. If the output is shorted to ground the device enters a timed current limit mode where the
NFET is turned on for a longer duration until the inductor current falls below a low threshold, ensuring inductor
current has more time to decay, thereby preventing runaway.

8.4.5 Internal Synchronous Rectification

While in PWM mode, the bucks use an internal NFET as a synchronous rectifier to reduce the rectifier forward
voltage drop and the associated power loss. Synchronous rectification provides a significant improvement in
efficiency whenever the output voltage is relatively low compared to the voltage drop across an ordinary rectifier
diode.

8.4.6 Low Dropout Operation

The device can operate at 100% duty cycle (no switching; PMOS switch completely on) for low dropout support.
In this way the output voltage will be controlled down to the lowest possible input voltage. When the device
operates near 100% duty cycle, output voltage ripple is approximately 25 mV.

The minimum input voltage needed to support the output voltage:

Vin_min=VouttlLoan*(Rpson_pret+RinD)

where
* lonp : Load Current
*  Rpson_prer - Drain to source resistance of PFET (high side)
«  Ryp : Inductor resistance (1)

8.4.7 Device Operating Modes

8.4.7.1 Startup Sequence

Once VVIN reaches the UVLO threshold and the ENABLE pin= High the LM10507 will start up. There is a fixed
delay of approx. 1 ms before the LDO starts up, followed by Buckl at 1ms. After a delay of 1msec from Buck1,
Buck2 and Buck3 regulators start together. There is a maximum of 500us soft-start with full load for the Bucks
The Startup Sequence will be:

1. 2.5ms delay after ENABLE.

LDO -> 2.5V,

2ms delay.

Buckl -> 1.8 V, Buck2 -> 1.8 V, Buck3 -> 1.5V

PWR_OK goes high

o~ WD
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Device Functional Modes (continued)
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Figure 8. Normal Operating Mode

8.4.7.2 Power-On Default and Device Enable

The device will be enabled over the ENABLE terminal, unless outside of operating voltage range. Once Vyy
reaches a minimum required input Voltage and ENABLE=High the power-up sequence will be started. Once the
device is started, the output voltage of the Bucks can be individually disabled by accessing their corresponding
BK1EN, BK2EN register bits (BUCK CONTROL).

8.4.7.3 RESET: Pin Function

The RESET pinis internally pulled up. If the RESET pinis set low, the device will perform a complete reset of all
the registers to their default states. This means that all of the voltage settings on the regulators will go back to
their default state and all Regulators will be turned ON. All Registers will be set back to default instantaneously
but no Start-Up Sequence initiated like it would be with ENABLE terminal.

8.4.7.4 DEVSLP (Device Sleep) Function

The Device can be programmed into Standby mode. There are 2 ways for doing that:
1. DEVSLP terminal
2. Programming via SPI
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Device Functional Modes (continued)
8.4.7.5 DEVSLP Terminal

When the DEVSLP pinis asserted high, the LM10507 will enter Device Sleep Mode. While in Device Sleep Mode,
all Regulator outputs are turned OFF except Buck3. Note: Bucks1,2 and LDO will turn off when the DEVSLP
signal is given. All disabled output Rails will turn off immediately and at the same time (no sequencing). An
internal 22 kQ (typ.) pull down resistor is attached to the FB pinof Buck 1 and Buck2. Buck 1 and 2 outputs are
pulled to ground level when they are disabled to discharge any residual charge present in the output circuitry.
When Device Sleep transitions to a low, Buck 1, Buck2 and LDO are enabled. Buck 3 will go back to its previous
State

8.4.7.6 Device Sleep (DEVSLP) Programming via SPI

There is no bit which has the same function as DEVSLP terminal. Disabling or programming the Bucks to new
level is the user’'s decision based on power consumption and other requirements

The following section describes how to program the chip into Device Sleep Mode corresponding to DEVSLP
pinfunction: Buck 3 must be PFM. To program the LM10507 to Device Sleep Mode via SPI, Buck 1 and Buck2
must be disabled by host device (Register 0x0A bit 0). The LDO must be disabled (Register 0xOB bit 1 and 0).
Then stop the oscillator (Register OXOE bit 1) To wake LM10507 from Device Sleep Mode, reverse this
sequence.

8.4.7.7 ENABLE, Function

The ENABLE pinis a digital function to control the Start-Up of PMIC. ENABLE has an internal pull-down and is
active High. A pull-down resistor is connected to GND. Transitions of the ENABLE pinto Low during device
operation will disable all regulators and actively force down all the output voltages. Register defaults are restored
while ENABLE is low.

8.4.7.8 Under Voltage Lock Out (UVLO)

The VIN voltage is monitored for a supply under voltage condition, for which the operation of the device cannot
be guaranteed. The part will automatically disable PMIC. To prevent unstable operation, the UVLO has a
hysteresis window of about 300mV. An under voltage lockout (UVLO) will disable all buck outputs, all internal
registers are reset. Once the supply voltage is above the UVLO hysteresis, the device will initiate a power-up
sequence and then enter the active state.

The LDO will remain functional past the UVLO threshold until Vy,\ reaches approximately 2.25V.

8.4.7.9 Over Voltage Lock Out (OVLO)

The VIN voltage is monitored for a supply over voltage condition, for which the operation of the device cannot be
guaranteed. The purpose of OVLO is to protect the part and all other components connected to the PMU outputs
from any damage and malfunction. Once Vy,y rises over about 5.8V all the Bucks and LDO will be disabled
automatically. To prevent unstable operation, the OVLO has a hysteresis window of about 100mV. An over
voltage lockout (OVLO) will force the device into the reset state, all internal registers are reset. Once the supply
voltage goes below the OVLO lower threshold, the device will initiate a power-up sequence and then enter the
active state. Operating maximum input voltage at which parameters are guaranteed is 5.5 V. Absolute maximum
of the device is 6.0 V.

8.4.7.10 PWR_OK - Pin Function

The LM10507 has PWR_OK pinto signal that all output rails are valid. PWR_OK is Low if Buck3 is disabled in

registerOx0A. If PWR_OK condition is detected, then the Hardware PWR_OK pinwill be set immediately. There

are four PWR_OK generating conditions, all must be fulfilled :

* Buck 3 output is over flag level (90% when rising,85% when falling).

* Buck 2 output is over flag level (90% when rising,85% when falling) , but not applicable if disabled in register
OxO0A.

* Buck 1 output is over flag level (90% when rising,85% when falling) , but not applicable if disabled in register
O0x0A

» LDO output is over flag level (90% when rising,85% when falling) , but not applicable if disabled in register
0x0B.
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Device Functional Modes (continued)

NOTE
SPlI commanded Disable of any output, followed by a subsequent SPI commanded
ENABLE will cause a temporary logic LOW of the PWR_OK pinuntil that Buck output
voltage has risen back to the 90% flag level.

8.4.7.11 Thermal Shutdown (TSD)

The temperature of the silicon die is monitored for an over-temperature condition, for which the operation of the
device cannot be guaranteed. The part will automatically be disabled if the temperature is too high. The thermal
shutdown (TSD) will force the device into the reset state. In reset, all circuitry is disabled. To prevent unstable
operation, the TSD has a hysteresis window of about 20°C. Once the temperature has decreased below the TSD
hysteresis, the device will initiate a power-up sequence and then enter the active state. In the active state, the
part will start up as if for the first time, all registers will be in their default state.

8.5 Programming

8.5.1 SPI Data Interface

The device is programmable via 4-wire SPI Interface. The signals associated with this interface are CS, DI, DO
and CLK. Through this interface, the user can enable/disable the device, program the output voltages of the
individual bucks and of course read the status of Flag registers.

By accessing the registers in the device through this interface, the user can get access and control the operation
of the buck controllers and program the reference voltage of the comparator in the device.

CS_\ /—

CLK N 1 2 3 7 9 16!
DIJ 1\0 A4AO o[D7XDex05xD4x03xozxmeox
rite
Command Register Address _ _ Write Data

DO \0 —

Figure 9. SPI Interface Write

» Data In (DI)
— 1 to 0 Write Command
— Auto Ag Register address to be written
— Dy to Dy Data to be written
e Data Out (DO)
— AllOs
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Programming (continued)

CS_\ /—

CLK

DI

J Read
Command Register Address
» {0 PEEEERE S

Read Data
Figure 10. SPI Interface Read

e Data In (DI)

— 1to 1 Read Command

— Ayto Ag Register address to be read
» Data Out (DO)

— D;to Dy Data Read

8.6 Register Maps

8.6.1 Registers Configurable Via The SPI Interface

Addr Reg Name Bit R/W Default Description Notes

7 — — Reset default:

OX7F (1.5 V)

6 R/W 1 Buck 3 Voltage Code[6]

5 R/W 1 Buck 3 Voltage Code[5]
0x00 | Buck 3 Voltage 4 R/W 1 Buck 3 Voltage Code[4]

3 R/W 1 Buck 3 Voltage Code[3] Range: 0.865-1.5 V

2 R/W 1 Buck 3 Voltage Code[2]

1 R/W 1 Buck 3 Voltage Code[1]

0 R/W 1 Buck 3 Voltage Code[0]

7 — — — Reset default:

6 — — 0x12 (1.8 V)

5 R/W 0 Buck 1 Voltage Code[5]

4 R/W 1 Buck 1 Voltage Code[4] Range: 0.9-3.4
0x07 | Buck 1 Voltage

3 R/W 0 Buck 1 Voltage Code[3]

2 R/W 0 Buck 1 Voltage Code[2]

1 R/W 1 Buck 1 Voltage Code[1]

0 R/W 0 Buck 1 Voltage Code[0]

7 — — — Reset default:

6 — — — 0x12 (1.8 V)

5 R/W 0 Buck 2 Voltage Code[5]

4 R/W 1 Buck 2 Voltage Code[4] Range: 0.9-3.4
0x08 | Buck 2 Voltage

3 R/W 0 Buck 2 Voltage Code[3]

2 R/W 0 Buck 2 Voltage Code[2]

1 R/W 1 Buck 2 Voltage Code[1]

0 R/W 0 Buck 2 Voltage Code[0]
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Register Maps (continued)

Addr Reg Name Bit R/W Default Description Notes
7 R/W — — Reset default:
6 R/W 1 Buck 3 Voltage Code[6] OX7F (1.5 V)
5 R/W 1 Buck 3 Voltage Code[5]
0x09 DevSLP Mode 4 R/W 1 Buck 3 Voltage Code[4]
Voltage for Buck 3 3 RIW 1 Buck 3 Voltage Code[3]
2 R/W 1 Buck 3 Voltage Code[2]
1 R/W 1 Buck 3 Voltage Code[1]
0 R/W 1 Buck 3 Voltage Code[0]
7 R/W 1 BK3EN Enable/Disable Buck 3
6 J— J— J—
5 J— J— J—
4 R/W — BK1FPWM Buck 1 forced PWM mode when high
0xO0A | Buck Control )
3 R/W 0 BK2FPWM Buck 2 forced PWM mode when high
2 R/W 0 BK3FPWM Buck 3 forced PWM mode when high
1 R/W 1 BK1EN Enables Buck 1 0-disabled, 1-enabled
0 R/W 1 BK2EN Enables Buck 2 0-disabled, 1-enabled
7 J— J— J—
6 J— J— J—
5 J— J— J—
0x0B | LDO Control ‘31 — — —
2 J— J— J—
1 J— J— J—
0 R/W 1 LDO Enable
7 J—
6 J—
5 J—
4 R LDO OK LDO is greater than 90% of target
0x0D | Status )
3 R Buck 3 OK Buck 3 is greater than 90% of target
2 R Buck 2 OK Buck 2 is greater than 90% of target
1 R Buck 1 OK Buck 1 is greater than 90% of target
0 R PWR_OK PWR_OK output is high
7 J—
6 J—
5 J—
OXOE | MISC Control ‘31 —
2 J—
1 R/IW 0 Oscillator Disable OSC ENABLE/DISABLE
0

20
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8.6.1.1 ADDR 0x07 & 0x08: Buck 1 and Buck 2 Voltage Code and Vgt Level Mapping

Voltage Code Voltage Voltage Code Voltage
0x00 0.9 0x20 25
0x01 0.95 0x21 2.55
0x02 1 0x22 2.6
0x03 1.05 0x23 2.65
0x04 1.1 0x24 2.7
0x05 1.15 0x25 2.75
0x06 1.2 0x26 2.8
0x07 1.25 0x27 2.85
0x08 1.3 0x28 2.9
0x09 1.35 0x29 2.95
Ox0A 1.4 Ox2A 3
0x0B 1.45 0x2B 3.05
0x0C 15 0x2C 3.1
0x0D 1.55 0x2D 3.15
OxOE 1.6 Ox2E 3.2
OxOF 1.65 Ox2F 3.25
0x10 1.7 0x30 3.3
0x11 1.75 0x31 3.35
0x12 1.8 0x32 3.4
0x13 1.85 0x33 34
0x14 1.9 0x34 3.4
0x15 1.95 0x35 34
0x16 2 0x36 34
0x17 2.05 0x37 3.4
0x18 2.1 0x38 3.4
0x19 2.15 0x39 3.4
Ox1A 2.2 Ox3A 3.4
0x1B 2.25 0x3B 3.4
0x1C 2.3 0x3C 34
0x1D 2.35 0x3D 3.4
Ox1E 2.4 Ox3E 3.4
Ox1F 2.45 Ox3F 3.4
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8.6.1.2 ADDR 0x00 Buck 3 Voltage Code and Vgt Level Mapping

Voltage Code Voltage Voltage Code Voltage Voltage Code Voltage Voltage Code Voltage
0x00 0.865 0x20 1.025 0x40 1.185 0x60 1.345
0x01 0.87 0x21 1.03 0x41 1.19 0x61 1.35
0x02 0.875 0x22 1.035 0x42 1.195 0x62 1.355
0x03 0.88 0x23 1.04 0x43 1.2 0x63 1.36
0x04 0.885 0x24 1.045 0x44 1.205 0x64 1.365
0x05 0.89 0x25 1.05 0x45 121 0x65 1.37
0x06 0.895 0x26 1.055 0x46 1.215 0x66 1.375
0x07 0.9 0x27 1.06 0x47 1.22 0x67 1.38
0x08 0.905 0x28 1.065 0x48 1.225 0x68 1.385
0x09 0.91 0x29 1.07 0x49 1.23 0x69 1.39
Ox0A 0.915 Ox2A 1.075 Ox4A 1.235 Ox6A 1.395
0x0B 0.92 0x2B 1.08 0x4B 1.24 0x6B 1.4
0x0C 0.925 0x2C 1.085 0x4C 1.245 0x6C 1.405
0x0D 0.93 0x2D 1.09 0x4D 1.25 0x6D 1.41
Ox0E 0.935 Ox2E 1.095 Ox4E 1.255 Ox6E 1.415
OxOF 0.94 Ox2F 1.1 Ox4F 1.26 Ox6F 1.42
0x10 0.945 0x30 1.105 0x50 1.265 0x70 1.425
Ox11 0.95 0x31 1.11 0x51 1.27 0x71 1.43
0x12 0.955 0x32 1.115 0x52 1.275 0x72 1.435
0x13 0.96 0x33 1.12 0x53 1.28 0x73 1.44
0x14 0.965 0x34 1.125 0x54 1.285 0x74 1.445
0x15 0.97 0x35 1.13 0x55 1.29 0x75 1.45
0x16 0.975 0x36 1.135 0x56 1.295 0x76 1.455
0x17 0.98 0x37 1.14 0x57 1.3 ox77 1.46
0x18 0.985 0x38 1.145 0x58 1.305 0x78 1.465
0x19 0.99 0x39 1.15 0x59 1.31 0x79 1.47
Ox1A 0.995 Ox3A 1.155 Ox5A 1.315 Ox7A 1.475
0x1B 1 0x3B 1.16 0x5B 1.32 0x7B 1.48
0x1C 1.005 0x3C 1.165 0x5C 1.325 0x7C 1.485
0x1D 1.01 0x3D 1.17 0x5D 1.33 0x7D 1.49
Ox1E 1.015 Ox3E 1.175 Ox5E 1.335 Ox7E 1.495
Ox1F 1.02 Ox3F 1.18 Ox5F 1.34 Ox7F 15

22
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9 Applications and Implementation

9.1 Application Information

The LM10507 device provides 4 regulated outputs from 3 step-down switching regulators and one linear
regulator. The regulated outputs are achieved using a minimum of external components. The device outputs are
controlled via an ENABLE input with control for a sleep mode via a further input, DEV_SLP.

A 4-wire SPI interface may be used to reconfigure the device outputs and return an indication of output status. A
separate device output also provides a digital indication of output status. All programmed settings may be
returned to default state via a RESET input.

9.2 Typical Application

ASIC/ SoC

RESET o
< i
LM10507 DEVSLP <« | !
| I
SPI_CS < : :
X P SPI_DI <« | System |
10 |np|ut VIN_IO P! SPl spi po » | Control |
supply SP_CLK <« | !
co * < ! |

22 4F N
H l a ENABLE | o I |
s PWR_OK 4 [ !

3 I
TRl g b 23 | @2soma |
< LDO LPO o > | @250mA
224F k-] 4.7 uF ' i
% l LU N, |
r————————= Bl
I I
Power Supply > — i B 8] SW_B1 L1 18V : 1.8V !
33/5V csl 8 < BUCK1 2.2 uH c1 I @16A :
4.7 uF - 22 pF ! I
;L 3 FB_B1 l L |
g _— L2 18V :F ]
~ _ 1.8V !
ez Z  le—»| BUCK2 22un s cz I @1A |
i C6 O FB B2 lZZ HuF | |
. pFi L |
L3 15v)| ZZTZ-Z”Z”ZZ”ZZ”ZZ”Z |

SW_B3 !
_T_ VIN_B3 < BUCK3 22 H e : 15V :
c7 FB B3 lzz uF I @1A :
4.7 pFl aa o : !

z zZz 2

o 0o O L e e |

999

Figure 11. Typical Application Diagram

9.2.1 Design Requirements

Regulator Default Voytr DEVSLP=Low Default Vour DEVSLP=High Vour Range Maxugtlljrn:egtutput

0.9 -3.4V;50mV

BUCK 1 1V OFF o 16A

BUCK 2 1.8V OFF 0.9 - 3.4 V; 50mV LA

steps

0.865-1.5V; 5mV

BUCK 3 15V 1.5V siops 1A

LDO 25V OFF 25V 250 mA
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Default voltage values are determined when working in PWM mode. Voltage may be 0.8-1.6% higher when in
PFM mode.

9.2.2 Detailed Design Procedure

9.2.2.1 Input Voltage
VIN, VIN_B1, VIN_B2 and VIN_B3 must all be connected to the same power source.

9.2.2.2 Output Enable

For normal operation it is recommended that the ENABLE input is controlled via an independent voltage applied
to the input.

To enable the device outputs at device power up the ENABLE input may be connected to the supply voltage
either directly or via a divider to the input supply to ensure correct voltage within the specified range. In this case
start up timing may vary from the specified values depending on the supply start up slew rate.

9.2.2.3 Recommendations for Unused Functions and Pins

If any function is not used in the end application then the following recommendations for tying-off the associated
pins on the circuit boards should be used.

FUNCTION PIN IF UNUSED
BUCK1 VIN_B1 Connect to VIN
SW_B1 Connect to VIN
FB_B1 Connect to GND
BUCK2 VIN_B2 Connect to VIN
SW_B2 Connect to VIN
FB_B2 Connect to GND
BUCK3 VIN_B3 Connect to VIN
SW_B3 Connect to VIN
FB_B3 Connect to GND
SPI SPI_CS Connect to VIN_IO
SPI_DI Connect to GND
SPI_DO Connect to GND
SPI_CK Connect to GND
DEVSLP Connect to GND
CONTROL and MONITOR RESET Connect to VIN_IO
PWR_OK Leave open
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9.2.2.4 External Components Selection

All three switchers require an input capacitor, and an output inductor-capacitor filter. These components are
critical to the performance of the device. All three switchers are internally compensated and do not require
external components to achieve stable operation. The output voltage of the Bucks can be programmed through
the SPI terminals.

9.2.2.5 Output Inductors and Capacitors Selection

There are several design considerations related to the selection of output inductors and capacitors:
» Load transient response
» Stability
» Efficiency
» Output ripple voltage
» Over current ruggedness
The device has been optimized for use with nominal LC values as shown in the Application Diagram.

9.2.2.6 Inductor Selection

The recommended inductor values are shown in the Application Diagram. It is important to guarantee the
inductor core does not saturate during any foreseeable operational situation. The inductor should be rated to
handle the peak load current plus the ripple current: Care should be taken when reviewing the different saturation
current ratings that are specified by different manufacturers. Saturation current ratings are typically specified at
25C, so ratings at maximum ambient temperature of the application should be requested from the manufacturer.
IL(MAX) = ILOAD(MAX) + A lrippLe
_ D X (Vin- Vour)
= lLoapmax) + TXFS
D x (Vin - Vour)
2x22x20
D= % Fs =2 MHz, L =22 uH

IN

(Atyp.),

= lLoapmax) +

where
* I max : Max inductor Current
*  lioappax): Max load current
* lrppLe : Peak-to-Peak inductor current
e D : Estimated duty factor
e V) ! Input voltage
e Vgyur : Output voltage
» Fg: Switching frequency, Hertz 2

There are two methods to choose the inductor saturation current rating:

9.2.2.7 Recommended Method for Inductor Selection

The best way to guarantee the inductor does not saturate is to choose an inductor that has saturation current
rating greater than the maximum device current limit, as specified in the Electrical Characteristics. In this case
the device will prevent inductor saturation by going into current limit before the saturation level is reached.

9.2.2.8 Alternate Method for Inductor Selection

If the recommended approach cannot be used care must be taken to guarantee that the saturation current is
greater than the peak inductor current:
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Isat > ILpeak
ILpeak = loutmax + lreme
—_— D x (Vin—Vour)
L xFs
VOUT
D= VX EFF
where
* lga7 : Inductor saturation current at operating temperature
* I peax : Peak inductor current during worst case conditions
e loutmax : Maximum average inductor current
¢ lgppLe : Peak-to-Peak inductor current
e Vgyur : Output voltage
* Vv Inputvoltage (Vyin_g1: Vvin_s2: Vvin_B3)
e L : Inductor value in Henries at loytmax
* Fg: Switching frequency, Hertz
e D : Estimated duty factor
« EFF : Estimated power supply efficiency 3)

Isat may not be exceeded during any operation, including transients, startup, high temperature, worst case
conditions, etc.

9.2.2.9 Suggested Inductors and Their Suppliers

The designer should choose the inductors that best match the system requirements. A very wide range of
inductors are available as regarding physical size, height, maximum current (thermally limited, and inductance
loss limited), series resistance, maximum operating frequency, losses, etc. In general, smaller physical size
inductors will have higher series resistance (DCR) and implicitly lower overall efficiency is achieved. Very low
profile inductors may have even higher series resistance. The designer should try to find the best compromise
between system performance and cost.

Table 1. Typical Recommended Inductors

Value Mfr Part Number DCR Current Package
2.2uH Murata LQH55PN2R2NROL 31mOhms 2.5A 2220
2.2uH TDK NLC565050T-2R2K-PF 60mOhms 1.3A 2220
2.2uH Murata LQM2MPN2R2NGO 110mOhms 1.2A 806
2.2uH Vishay Dale IFSC1008ABER2R2M01 80mOhms 1.85A 25x2.0
2.2uH Taiyo Yuden MAMK2520T2R2M 117mOhm 1.9A 25x20

9.2.2.10 Output and Input Capacitors Characteristics

Special attention should be paid when selecting these components. As shown in the following figure, the DC bias
of these capacitors can result in a capacitance value that falls below the minimum value given in the
recommended capacitor specifications table. Note that the graph shows the capacitance out of spec for the 0402
case size capacitor at higher bias voltages. It is therefore recommended that the capacitor manufacturers’
specifications for the nominal value capacitor are consulted for all conditions, as some capacitor sizes (e.g. 0402)
may not be suitable in the actual application.
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Figure 12. Typical Variation in Capacitance vs. DC Bias

The ceramic capacitor’'s actual capacitance can vary with temperature. The capacitor type X7R, which operates
over a temperature range of —55°C to +125°C, will only vary the capacitance to within +15%. The capacitor type
X5R has a similar tolerance over a reduced temperature range of -55°C to +85°C. Many large value ceramic
capacitors, larger than 1 yF are manufactured with Z5U or Y5V temperature characteristics. Their capacitance
can drop by more than 50% as the temperature varies from 25°C to 85°C. Therefore X5R or X7R is
recommended over Z5U and Y5V in applications where the ambient temperature will change significantly above
or below 25°C.

Tantalum capacitors are less desirable than ceramic for use as output capacitors because they are more
expensive when comparing equivalent capacitance and voltage ratings in the 0.47 pF to 44 pF range. Another
important consideration is that tantalum capacitors have higher ESR values than equivalent size ceramics. This
means that while it may be possible to find a tantalum capacitor with an ESR value within the stable range, it
would have to be larger in capacitance (which means bigger and more costly) than a ceramic capacitor with the
same ESR value. It should also be noted that the ESR of a typical tantalum will increase about 2:1 as the
temperature goes from 25°C down to —40°C, so some guard band must be allowed.

9.2.2.11 Output Capacitor Selection

The output capacitor of a switching converter absorbs the AC ripple current from the inductor and provides the
initial response to a load transient. The ripple voltage at the output of the converter is the product of the ripple
current flowing through the output capacitor and the impedance of the capacitor. The impedance of the capacitor
can be dominated by capacitive, resistive, or inductive elements within the capacitor, depending on the frequency
of the ripple current. Ceramic capacitors have very low ESR and remain capacitive up to high frequencies. Their
inductive component can be usually neglected at the frequency ranges the switcher operates.

—_____o
swi1/2/3 L T VOUT1/2/3
T2
[e)
©& output
%’% CAPACITOR
w
v

Figure 13. Output Filter

The output-filter capacitor smoothes out the current flow from the inductor to the load and helps maintain a
steady output voltage during transient load changes. It also reduces output voltage ripple. These capacitors must
be selected with sufficient capacitance and low enough ESR to perform these functions.

Note that the output voltage ripple increases with the inductor current ripple and the Equivalent Series
Resistance of the output capacitor (ESRcoyut). Also note that the actual value of the capacitor's ESRcout iS
frequency and temperature dependent, as specified by its manufacturer. The ESR should be calculated at the
applicable switching frequency and ambient temperature.

D x (Vin - Vour)
2XLXFs

AlrippLe

VOUT
—_— and D= ——
8 X FsXx COUT

where Al RIPPLE = Vv
IN

VouT-RIPPLE-PP =
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where
*  Vour-rippLe-pp - €Stimated output voltage ripple
* lrepLe : estimated current ripple
« D : Estimated duty factor (4)

Output ripple can be estimated from the vector sum of the reactive (capacitance) voltage component and the real
(ESR) voltage component of the output capacitor:

_ 2 2
Vout-RIPPLE-PP = v V RouT *+ V cout (5)

IripPLE
Vrout = lrippLe X ESRcout and Veour = 8 X Fsx Cour

where
*  Vour-riprLe-pp . €Stimated output ripple,
e Vgout : €stimated real output ripple,
e Vcour : estimated reactive output ripple. (6)

The device is designed to be used with ceramic capacitors on the outputs of the buck regulators. The
recommended dielectric type of these capacitors is X5R, X7R, or of comparable material to maintain proper
tolerances over voltage and temperature. The recommended value for the output capacitors is 22 yF, 6.3V with
an ESR of 2mQ or less. The output capacitors need to be mounted as close as possible to the output/ground
terminals of the device.

Table 2. Typical Recommended Output Capacitors

Model Vendor Type Vendor Voltage Rating Inch (mm) Case Size
08056D226MAT2A Ceramic, X5R AVX Corporation 6.3V 0805, (2012)
C0805L226M9PACTU Ceramic, X5R Kemet 6.3V 0805, (2012)
ECJ-2FB0J226M Ceramic, X5R Panasonic — ECG 6.3V 0805, (2012)
JMK212BJ226MG-T Ceramic, X5R Taiyo Yuden 6.3V 0805, (2012)
C2012X5R0J226M Ceramic, X5R TDK Corporation 6.3V 0805, (2012)
GRM188R60G226MEAOL Ceramic, X5R Murata 40V 0603

9.2.2.12 Input Capacitor Selection

There are 3 buck regulators in the LM10507 device. Each of these buck regulators has its own input capacitor
which should be located as close as possible to their corresponding VIN_Bx and GND_Bx terminals, where x
designates the buck 1,2 or 3. The 3 buck regulators operate at 1200 out of phase, which means that is they
switch on at equally spaced intervals, in order to reduce the input power rail ripple. It is recommended to connect
all the supply/ground terminals of the buck regulators, VIN_Bx to two solid internal planes located under the
device. In this way, the 3 input capacitors work together and further reduce the input current ripple. A larger
tantalum capacitor can also be located in the proximity of the device.

The input capacitor supplies the AC switching current drawn from the switching action of the internal power
FETs. The input current of a buck converter is discontinuous, so the ripple current supplied by the input capacitor
is large. The input capacitor must be rated to handle both the RMS current and the dissipated power.

The input capacitor must be rated to handle this current:

| - Vour (Vin - Vour)
RMS_CIN — louT

s Vin )
The power dissipated in the input capacitor is given by:

Pp cn = IZRMS_CIN X Resr_cin (8)
The device is designed to be used with ceramic capacitors on the inputs of the buck regulators. The

recommended dielectric type of these capacitors is X5R, X7R, or of comparable material to maintain proper
tolerances over voltage and temperature.

The minimum recommended value for the input capacitor is 10 yF with an ESR of 10 mQ or less. The input
capacitors need to be mounted as close as possible to the power/ground input terminals of the device.
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The input power source supplies the average current continuously. During the PFET switch on-time, however,
the demanded di/dt is higher than can be typically supplied by the input power source. This delta is supplied by
the input capacitor.

A simplified “worst case” assumption is that all of the PFET current is supplied by the input capacitor. This will
result in conservative estimates of input ripple voltage and capacitor RMS current.

Input ripple voltage is estimated as follows:

lout X D
Vepin= Cix Fs

+ loutr X ESRcin

where
e Vppy : Estimated peak-to-peak input ripple voltage
* oyt : Output current
e Cy : Input capacitor value
 ESRy Input capacitor ESR 9)

This capacitor is exposed to significant RMS current, so it is important to select a capacitor with an adequate
RMS current rating. Capacitor RMS current estimated as follows:

IzRIPPLE
I = [Dx|lPPour + ——1=
RMSCIN ouT 12

where
e lzmsciny Estimated input capacitor RMS current (10)

9.2.3 Application Performance Plots
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Figure 16. Efficiency Buck 3 Figure 17. Buck 1 Load Transient (0 to 800mA)
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Figure 22. Buck 3 Load Transient (500mA to 1A)

10 Power Supply Recommendations

The devices are designed to operate from an input voltage supply range between 4.5 V and 28 V. This input
supply must be well regulated. If the input supply is located more than a few inches from the GDS9999 device or
GDS9991 converter, additional bulk capacitance may be required in addition to the ceramic bypass capacitors.
An electrolytic capacitor with a value of 47 pF is a typical choice.

30 Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/lm10507?qgpn=lm10507
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS
LM10507
www.ti.com.cn ZHCSCG8 —MAY 2014
11 Layout

11.1 Layout Guidelines

PC board layout is an important part of DC-DC converter design. Poor board layout can disrupt the performance
of a DC-DC converter and surrounding circuitry by contributing to EMI, ground bounce, and resistive voltage loss
in the traces. These can send erroneous signals to the DC-DC converter resulting in poor regulation or instability.
Good layout can be implemented by following a few simple design rules.

G S
—
D|i Cn -
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s :
o!
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Ul LM10507

Figure 23. Schematic of LM10507 Highlighting Layout Sensitive Nodes

1. Minimize area of switched current loops. In a buck regulator there are two loops where currents are switched
rapidly. The first loop starts from the CIN input capacitor, to the regulator VIN terminal, to the regulator SW
terminal, to the inductor then out to the output capacitor COUT and load. The second loop starts from the
output capacitor ground, to the regulator GND terminals, to the inductor and then out to COUT and the load
(see Figure 23). To minimize both loop areas the input capacitor should be placed as close as possible to
the VIN terminal. Grounding for both the input and output capacitors should consist of a small localized top
side plane that connects to GND. The inductor should be placed as close as possible to the SW pin and
output capacitor.

2. Minimize the copper area of the switch node. The SW terminals should be directly connected with a trace
that runs on top side directly to the inductor. To minimize IR losses this trace should be as short as possible
and with a sufficient width. However, a trace that is wider than 100 mils will increase the copper area and
cause too much capacitive loading on the SW terminal. The inductors should be placed as close as possible
to the SW terminals to further minimize the copper area of the switch node.

3. Have a single point ground for all device analog grounds. The ground connections for the feedback
components should be connected together then routed to the GND pin of the device. This prevents any
switched or load currents from flowing in the analog ground plane. If not properly handled, poor grounding
can result in degraded load regulation or erratic switching behavior.

4. Minimize trace length to the FB terminal. The feedback trace should be routed away from the SW pin and
inductor to avoid contaminating the feedback signal with switch noise.

5. Make input and output bus connections as wide as possible. This reduces any voltage drops on the input or
output of the converter and can improve efficiency. If voltage accuracy at the load is important make sure
feedback voltage sense is made at the load. Doing so will correct for voltage drops at the load and provide
the best output accuracy.

11.1.1 PCB Layout Thermal Dissipation for DSBGA Package
1. Position ground layer as close as possible to uSMD package. Second PCB layer is usually good option.
LM10507 evaluation board is a good example.

2. Draw power traces as wide as possible. Bumps which pass through high currents should be connected to
wide area this helps the silicon to cool down. Look at LM10507 evaluation board PCB layout for reference

Packaging Information
34 pin uSMD Package, 0.4mm pitch
The dimension for X1, X2 and X3 are as given:
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Layout Guidelines (continued)
X1 =2.815mm +/-0.030 mm
X2 =2.815mm +/-0.030 mm
X3 =0.600 mm +/-0.075 mm

11.2 Layout Example

Buck3 Buck]

@ Via to board @ Via to board @ Via to board layer 2 - SW_B1 @ Signal Via

layer 2 - Ground bottom layer- VIN optional additional copper track
® Feedback Via

Figure 24. Example of PCB Layout Configuration

Figure 25. Detail of Device Pins and Centre Vias
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12 SFANSCRS SR

12.1 Trademarks
All trademarks are the property of their respective owners.

12.2 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
‘ appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

12.3 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms and definitions.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
LM10507TME-A/NOPB NRND Production DSBGA (YFR) | 34 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -30to 125 V087
LM10507TME-A/NOPB.B NRND Production DSBGA (YFR) | 34 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -30to 125 V087
LM10507TMX-A/NOPB NRND Production DSBGA (YFR) | 34 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -30to 125 V087
LM10507TMX-A/NOPB.B NRND Production DSBGA (YFR) | 34 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -30to 125 V087

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

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

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

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

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

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

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

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