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LM10692 Power Management Unit for SandForce SF3700 SSD Controllers

1 Features
» Six High-efficiency Programmable Buck
Regulators:
— Integrated FETs with Low RDSon
— Bucks Operate Phase Shifted to Reduce the
Input
— Current ripple And Capacitor Size

— Output Voltage Programmable via Serial
interface

— Under and Over Voltage Lock-out
— Automatic Internal Soft Start

— Output Current Overload and Thermal
Shutdown Protection

— Active Discharge for Fast Discharge of Output
Voltage When Buck is Disabled

* 12C Compatible Serial Interface, up to 1 MHz

» Power-On-Reset Output with Delay and Input
Voltage Trigger

» Independent Enable Input Pins and Power Good
output Pins for Control of Always-On (AON) and
Core Power (CPE) Rails

* RMY Package Size 5.00 mm x 5.00 mm x 0.9 mm
(NOM)
» Key Specifications
— Single Input Rail with Wide Range: 2.5V to 4.0
\Y
— Programmable Output Voltage:
— Buckl:1.75Vt03.3V,25A
— Buck2: 1.0 V to 2.55 V, 200 mA
— Buck3: 0.8 Vto 2.35V, 200 mA
— Buck4:0.8V1t0235V,25A
— Buck5:0.8Vto 1575V, 0.8 A
— Buck6:0.8Vto 1575V, 25A

— Buckl Configurable as Bypass Switch (No
Inductor)

— 1% Feedback Voltage Accuracy
— Up to 95% Peak efficiency Buck Regulators

— 2 MHz Switching Frequency For Smaller
Inductor Size

2 Applications

e Optimized for Use in SSDs

* Embedded Systems: SoCs, ASICs, and
Processors

3 Description

The LM10692 is an advanced PMU containing six
configurable, buck regulators for supplying power to
advanced Flash Controllers in solid-state drives
(SSDs). The device is ideal for use in solid state drive
designs. The LM10692 communicates with the
SF3700 Flash Controller via an [2C compatible
interface and digital I/O pins to optimize power
consumption with power saving modes.

Device Information®
PACKAGE BODY SIZE (NOM)
QFN (36) 5.00 mm x 5.00 mm

PART NUMBER
LM10692

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Comparison Table
Variants
1.1V PCle / SATA 1.15V PCle
LM10692 LM10692B
Buckl 2.85V 2.85V
Buck2 2.5V 2.5V
Buck3 1.8v 1.8v
Buck4 1.8v 1.8v
Buck5 1.1v 1.15v
Buck6 1.1v 1.15v
Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 3
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6 Pin Configuration and Functions

36 Pin
LLP Package
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Pin Functions
PIN
o | TYEE DESCRIPTION
NUMBER NAME
1 VIN_MODE | D Leave floating for the LM10692. Input pin defines Buckl mode operation.
2 NC - - Leave Floating
3 B6_FB | A Buck Switcher Regulator 6 — Voltage output feedback for Buck Regulator 6
4 PGND G P Power ground for Buck Regulator —Return Input and Output Cap to this pin
5 B6_SW (@) P Buck Switcher Regulator 6 — Power Switching node, connect to inductor
6 B6_VIN | P Buck Switcher Regulator 6 — Power supply voltage input for power stage PFET.
7 B5_FB | A Buck Switcher Regulator 5 — Voltage output feedback for Buck Regulator 5
8 B5_SW (@) P Buck Switcher Regulator 5 — Power Switching node, connect to inductor
9 B5_VIN | P Buck Switcher Regulator 5-Power supply voltage input for power stage PFET.
10 PFAIL_N (@) D Provides reset function to controller. Monitors VIN. Digital Output. Open Drain.
11 B4_FB | A Buck Switcher Regulator 4 — Voltage output feedback for Buck Regulator 4
12 B4_VIN | P Buck Switcher Regulator 4 — Power supply voltage input for power stage PFET.
13 B4_SW (@) P Buck Switcher Regulator 4 — Power Switching node, connect to inductor
14 PGND G P Power ground for Buck Regulator — Return Input and Output Cap to this pin

(1) A: Analog Pin; D: Digital Pin; G: Ground Pin; P: Power Pin; I: Input Pin; O: Output Pin

4 Submit Documentation Feedback

Product Folder Links: LM10692

Copyright © 2014, Texas Instruments Incorporated


http://www.ti.com/product/lm10692?qgpn=lm10692
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSA53&partnum=LM10692
http://www.ti.com/product/lm10692?qgpn=lm10692

13 TEXAS

INSTRUMENTS

www.ti.com

LM10692
SNVSAS53 —JULY 2014

Pin Functions (continued)

OmsER PR s o | TYEE DESCRIPTION
15 B3_SW (@) P Buck Switcher Regulator 3 — Power Switching node, connect to inductor
16 B3_VIN | P Buck Switcher Regulator 3 — Power supply voltage input for power stage PFET
17 B3_FB | A Buck Switcher Regulator 3 — Voltage output feedback for Buck Regulator 3
18 B2_VIN | P Buck Switcher Regulator 2 — Power supply voltage input for power stage PFET
19 B2_SW (@) P Buck Switcher Regulator 2 — Power Switching node, connect to inductor
20 B2_FB | A Buck Switcher Regulator 2 — Voltage output feedback for Buck Regulator 2
21 B1_VIN | P Buck Switcher Regulator 1 — Power supply voltage input for power stage PFET
22 B1_SW (@) P Buck Switcher Regulator 1 — Power Switching node, connect to inductor
23 PGND G P Power ground for Buck Regulator — Return Input and Output Cap to this pin
24 B1_FB | A Buck Switcher Regulator 1 — Voltage output feedback for Buck Regulator 1
25 PG_CPE (@) D Power good output for core power rails — Buck 1, Buck 4, and Buck 6, open drain
26 PG_AON (@) D Power good pin for always on rails — Buck 2, Buck 3, and Buck 5, open drain
27 10_VIN | P Reference supply for digital interface to controller.
28 NC - - Leave Floating
29 SCL | D Digital interface for 12C Clock signal. Open Drain.
30 SDA 10 D Digital interface for 12C Data signal. Open Drain.
31 AVIN | P Power Supply input Voltage. Must be present for device to work.
32 AGND G P Power Supply Ground. Must be grounded for device to work.
33 EN_AON | D Enable pin for always on rails — Buck 2, Buck 3, and Buck 5
34 NC - - Leave Floating
35 EN_CPE | D Enable for core power rails — Buck 1, Buck 4, and Buck 6
36 NC - - Leave Floating
DAP PGND - - Thermally bonded. Needs low-impedance thermal connection to PCB
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7 Specifications
7.1 Absolute Maximum RatingsW®@®®
over operating free-air temperature range (unless otherwise noted) ©®

MIN MAX UNIT
Any supply pin, VIN to GND -0.3 6 \%
Any signal pin -0.3 +(VIN+0.3)V but \Y
not over 6.0V

(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 guaranteed. Operating Ratings do not imply guaranteed performance limits. For guaranteed performance limits
and associated test conditions, see the Electrical Characteristics tables.

(2) All voltages are measured with respect to the potential at the GND pins.

(3) VIN refers to these power pins connected together: VIN_B1 = VIN_B2=VI_B3 = VIN_B4 = VIN_B5 = VIN_B6 = VIN

(4) GND Pins means all ground pins must be connected together.

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

7.2 Handling Ratings

MIN MAX UNIT

Tstg Storage temperature range -65 150 °C

Hum(%n body model (HBM), per ANSI/ESDA/JEDEC JS-001, all 2000 Vv
ins

Vesp) | Electrostatic discharge P - —

Charged device model gCDM), per JEDEC specification 1000 vV
JESD22-C101, all pins®

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions ®@®®
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
VIN, VIN_B2, VIN_B3, VIN_B4, VIN_B5 25 55 \Y%
VIN_B1, VIN_B6 25 4 \%
Junction Temperature, T; -40 125 °C
Ambient Temperature, Tp -40 85 °C
Storage Temperature -65 150 °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 guaranteed. Operating Ratings do not imply guaranteed performance limits. For guaranteed performance limits
and associated test conditions, see the Electrical Characteristics tables.
(2) All voltages are measured with respect to the potential at the GND pins.
(3) VIN refers to these power pins connected together: VIN_B1 = VIN_B2=VI_B3 = VIN_B4 = VIN_B5 = VIN_B6 = VIN
(4) GND Pins means all ground pins must be connected together.
7.4 Thermal Information
LM10692
THERMAL METRIC® RMY UNIT
36 PINS
Rgia Junction-to-ambient thermal resistance 39.2
Raic(top) Junction-to-case (top) thermal resistance 9.8
Rgip Junction-to-board thermal resistance 6.2 AW
Wit Junction-to-top characterization parameter 0.1
Wig Junction-to-board characterization parameter 6.2
Raic(bot) Junction-to-case (bottom) thermal resistance 2.6
(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
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7.5 Electrical Characteristics®®
over operating free-air temperature range (unless otherwise noted)
Unless otherwise noted, VIN = 3.3V, where: VIN =VIN_B1=VIN_B2= VIN_B3=VIN_B4=VIN_B5= VIN_B6.
—40°C S Tp ST; <+85°C Tp =25°C
PARAMETER TEST CONDITIONS TYP 3 UNIT
MIN @  MAX MIN  TYP®  MAX
lo oFr Quiescent supply current. | All Bucks OFF 8 HA
lo_AoN . All Bucks unloaded, 250 HA
= Quiescent supply current EN_CPE low
lo . All Bucks unloaded and 320 HA
Quiescent supply current. in PEM mode
lo_ALLON All Bucks unloaded, 6 mA
Quiescent supply current | Buck6 in FPWM mode
(default operating mode)
UNDER/OVER VOLTAGE LOCK OUT
VUVLO_RISlNG FaCtOW pre-set 2.50 2.4 \Y
VUVLO_FALLlNG FaCtOW pre-set 2.40 2.3 \Y
VOVLO_RISING FaCtOW pre-set 6.1 6.25 \Y
VOVLO_FALLING FaCtOW pre-set 5.8 \Y
THERMAL SHUTDOWN
Tsp Thermal Shutdown 145 160 °C
Temperature
DIGITAL INTERFACE
VL0 Logic Input Low SDA, SCL 0.4 \%
VH-10 Logic Input High SDA, SCL 1.05 \%
VoL-10 Logic Output Low SDA 0.4 \%
Vppio Range External Logic pullup 12 vV \%
voltage for I0_VIN ' IN
he Input Current, pin driven -2 HA
low -5
| i i 2 A
IH Ir_lput Current, pin driven VIN_MODE K
high 5
fIZC_MAX |O_V|N =1.8 V Max 1000 kHz
I2C max frequency frequency is application
specific
VILVIN.MODE  y/|N_MODE input low (See ©) (4;.’(\)12 v
Vinvin mope  VIN_MODE input high (See @) VIN-0.3 Y
PFAIL THRESHOLD and BYPASS THRESHOLD
VpEAlL-falling PFAIL_N falling threshold | VIN_MODE = GND or 2.3 2.6 3.3 \%
voltage FLOATING
VPpEAlL-rising PFAIL_N rising threshold | VIN_MODE = GND or 2.3 2.7 3.3 \%
voltage FLOATING
TeralL PFAIL_N rise delay time @ﬁ;“’e High™, default 4 ms
VBypAss Bypass Mode threshold 2.9 \%
(transitions from PWM to
Bypass mode when input | VIN_MODE = GND
voltage falls below
VBypass)-

(1) Alllimits are guaranteed by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested
during production with TA = 25M C. All hot and cold limits are guaranteed 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) Specification ensured by design. Not tested during production.
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7.6 Buck 1 Electrical Characteristic®®®

over operating free-air temperature range (unless otherwise noted)
Unless otherwise noted, VIN = 3.3V, where: VIN =VIN_B1=VIN_B2, VIN_B3=VIN_B4=VIN_B5= VIN_B6.
The application circuit used is the one shown in “Typical Application Circuit"

Ta =25°C
PARAMETER TEST CONDITIONS = 3 UNIT
MIN TYP®  MAX
Vour Output Voltage default value 2.76 2.85 2.93 \%
louT-MAX Continuous maximum load current Buck 1 enabled, (see ®) 25 A
IpEAK Peak switching current limit Buck 1 enabled 4.2 A
Nswi-5v Efficiency, Buck 1 loutr =5MAto 1A, Viy = 3.3V 80% 95%
Fsw Switching Frequency PWM operation 2 MHz
Cin Input Capacitor® 22 UF
c Output Filter Capacitor® OMAS L < 22 UF
mA < < g
out Output Capacitor ESR® OUT = OUT-MAX 10 mQ
L Output Filter Inductance ©® 1 pH
vV Feedback Voltage Vout = 2.85 V (default), 2.85 v
FB1 PWM Mode, No Load (%)
DC Line regulation® 25V <Vy<5Y, -1% 1%
lout = louT-MaAx
AVourt 3 —
DC Load regulation Vin=33V, -1% 1%
0.1 x loyt-max = lout < loyt-max
Irs Feedback pin input bias current Vg =285V 7 HA
Rps-oN-Hs High Side Switch On Resistance Measured pin-to-pin, Vin = 3.3 V 80 mQ
Rps-on-Ls Low Side Switch On Resistance 115 mQ
RpiscHARGE Active Discharge Resistance Measured from FB to GND 20 Q
Internal soft-start (turn on time) Start up from shutdown, Voyr =0V, 470
no load, Voyt = 95% of 3.3 Vin us
N bypass mode®), Cout = 22uF
start Start up from shutdown, Voyr =0V, 530
no load, VOUT = 95% of 3.3V in ps
bypass mode®), Cout = 66pF
(1) Alllimits are guaranteed by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested

during production with TA = 25M C. All hot and cold limits are guaranteed 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) Specification ensured by design. Not tested during production.
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7.7 Buck 2 Electrical Characteristic®®

over operating free-air temperature range (unless otherwise noted)
Unless otherwise noted, VIN = 3.3V, where: VIN =VIN_B1=VIN_B2, VIN_B3=VIN_B4=VIN_B5= VIN_B6.
The application circuit used is the one shown in “Typical Application Circuit"

Ta =25°C
PARAMETER CONDITIONS 3 UNIT
MIN TYP®  MAX
Vour Output Voltage default value 2.42 25 2.57 \%
louT-MAX Continuous maximum load current Buck 2 enabled® 0.2 A
IpEAK Peak switching current limit Buck 2 enabled 1.9 A
Nsw2-5v Efficiency, Buck 2 lout = 100 HA t0 0.2 A, VouT = 2.5 V, 80% 90%
L= 2.2 pH, ESRL = 220 mQ
Fsw Switching Frequency PWM operation 2 MHz
Cin Input Capacitor® 4.7 uF
Cout Output Filter Capacitor® 10 uF
- 0 mA < loyr < louT-MAx
Output Capacitor ESR® 10 mQ
L Output Filter Inductance ©) 2.2 pH
VEg2 Feedback Voltage Vout = 2.5 V (default), 2.5 \%
PWM Mode, No Load
AVour DC Line regulation® 2.9 V< VIN 5.0V, -1% 1%
lout = louTt-max
DC Load regulation® Vin = 3.3, -1% 1%
0.1 x lout-max = lout = louT-MAX
Irg Feedback pin input bias current Veg =25V 5 HA
Rps.on-Hs High Side Switch On Resistance Measured pin-to-pin, Vin = 3.3 V 135 mQ
Rps-on-Ls Low Side Switch On Resistance 105 mQ
RpiscHARGE Active Discharge Resistance Measured from FB to GND 18 Q
Tstart Internal soft-start (turn on time) Start up from shutdown, Voﬁz 0V, no 275 ps
load, VOUT = 95% of 2.5 V®),
Cout=22uF

(1) Alllimits are guaranteed by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested
during production with TA = 25M C. All hot and cold limits are guaranteed 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) Specification ensured by design. Not tested during production.

Copyright © 2014, Texas Instruments Incorporated

Product Folder Links: LM10692

Submit Documentation Feedback

9



http://www.ti.com/product/lm10692?qgpn=lm10692
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSA53&partnum=LM10692
http://www.ti.com/product/lm10692?qgpn=lm10692

13 TEXAS

INSTRUMENTS
LM10692
SNVSA53 —JULY 2014 www.ti.com
7.8 Buck 3 Electrical Characteristics®®
over operating free-air temperature range (unless otherwise noted)
Unless otherwise noted, VIN = 3.3V, where: VIN =VIN_B1=VIN_B2, VIN_B3=VIN_B4=VIN_B5= VIN_B6.
The application circuit used is the one shown in “Typical Application Circuit".
Ta = 25°C
PARAMETER TEST CONDITIONS UNIT
MIN TYP®  MAX
Vour Output Voltage default value 1.75 1.8 1.85 \%
lOUT-MAX Continuous maximum load current Buck 3 enabled,® 0.2 A
IpEAK Peak switching current limit Buck 3 enabled 0.8 A
Fsw Switching Frequency PWM operation 2 MHz
Cin Input Capacitor® 4.7 uF
Cour Output Filter Capacitor® 0 mA < lour < o 10 uF
Output Capacitor ESR® 10 mQ
L Output Filter Inductance ©) 2.2 pH
VEB3 Feedback Voltage \Ié\cl)\yl\T/I Mtc?e\,/ ’\(I((j)ell:%lgé), 18 v
DC Line regulation® 2.9VSVINS50YV, . 1%
AVour ' IO'UT = louT-max
DC Load regulation® Vin=3.3V, 1% +19%
0.1 x lout-max < lout < loyt-max
Irg Feedback pin input bias current Vg =18V 35 HA
Rps.on-Hs High Side Switch On Resistance Measured pin-to-pin, Vin = 3.3 V 220 mQ
Rps-on-Ls Low Side Switch On Resistance 105 mQ
RpiscHARGE Active Discharge Resistance Measured from FB to GND 18 Q
Internal soft-start (turn on time) Start up from shutdown, Voyr =0V,
Tetart no load, Vout = 95% of 1.8 V®), Coye = 190 ps
22 uF

(1) Alllimits are guaranteed by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested
during production with TA = 25M C. All hot and cold limits are guaranteed 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) Specification ensured by design. Not tested during production.
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7.9 Buck 4 Electrical Characteristic®®

over operating free-air temperature range (unless otherwise noted)
Unless otherwise noted, VIN = 3.3V, where: VIN =VIN_B1=VIN_B2, VIN_B3=VIN_B4=VIN_B5= VIN_B6.
The application circuit used is the one shown in “Typical Application Circuit".

PARAMETER TEST CONDITIONS Ta=25°C UNIT
MIN TYP®  MAX
Vour Output Voltage default value 1.75 1.8 1.85 \%
loUT-MAX Continuous maximum load current Buck 4 enabled,® 25 A
IpEAK Peak switching current limit Buck 4 enabled 3.6 A
i} i @) = =
nSwW4-5v Efficiency, Buck 4 :_ong uiméé%ii g/(?lrﬂo 1.8V, 80% 90%
Fsw Switching Frequency PWM operation 2 MHz
Cin Input Capacitor® 0 MA < lout < louT-MAX 22 uF
Cout Output Filter Capacitor® 22 uF
Output Capacitor ESR® 10 mQ
L Output Filter Inductance ) 1 pH
VEgs Feedback Voltage Vout = 1.8V (default), 18 v
PWM Mode, No Load
Avout DC Line regulation® 29SVINS50V, . 1%
lout = louTt-max
ion® in =
DC Load regulation E)/|r11 = I?:O.LSJTYW,AX SPTI 1% +1%
Irg Feedback pin input bias current Vg =18V 35 HA
Rps.on-Hs High Side Switch On Resistance Measured pin-to-pin, Vin = 3.3 V 85 mQ
Rps-on-Ls Low Side Switch On Resistance 60 mQ
RpiscHARGE Active Discharge Resistance Measured from FB to GND 18 Q
Tstart Internal soft-start (turn on time) Start up from shutdown, Voyr =0V,
no load, Vout = 95% of 1.8 V, Cout 165 ps
= 22uF

(1) Alllimits are guaranteed by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested
during production with TA = 25M C. All hot and cold limits are guaranteed 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) Specification ensured by design. Not tested during production.

(4) Specification ensured by design. Not tested during production.
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7.10 Buck 5 Electrical Characteristic®®
over operating free-air temperature range (unless otherwise noted)
Unless otherwise noted, VIN = 3.3V, where: VIN =VIN_B1=VIN_B2, VIN_B3=VIN_B4=VIN_B5= VIN_B6.
The application circuit used is the one shown in “Typical Application Circuit".
Ta = 25°C
PARAMETER TEST CONDITIONS UNIT
MIN TYP®  MAX
Vour Output Voltage default value 1.07 1.1 1.13 \Y
louT-MAX Continuous maximum load current | Buck 5 enabled,® 0.8 A
IpEAK Peak switching current limit Buck 5 enabled 2 A
NSW5-5v Efficiency, Buck 5® lout = 5MA to 600 mA, Vout = 1.1V, 80% 90%
L =2.2 pH, ESRL = 200 mQ
Fsw Switching Frequency PWM operation 2 MHz
Cin Input Capacitor® 47 uF
Cout Output Filter Capacitor® 10 uF
Output Capacitor ESR® 0 mA = lour = lour-wax 10 mQ
L Output Filter Inductance ) 2.2 uH
VFB5 Feedback Voltage Vout = 1.1V (default), 1.1 vV
PWM Mode, No Load
Avout DC Line regulation® 29VEVINS5Y, -1% +1%
lout = louTt-max
DC Load regulation® Vin=33V, -1% +1%
0.1 x lout-mAx = lout = louT-MAX
Ies Feedback pin input bias current Veg=1.1V 25 HA
Rps.on-Hs High Side Switch On Resistance Measured pin-to-pin, Vin = 3.3 V 120 mQ
Rps-on-Ls Low Side Switch On Resistance 85 mQ
RpiscHARGE Active Discharge Resistance Measured from FB to GND 18 Q
Tstart Internal soft-start (turn on time) Start up from shutdown, Voyt =0V, no 145
load, Voyt = 95% of 1.05 V%, Cout = 22 us
UF

(1) Alllimits are guaranteed by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested
during production with TA = 25M C. All hot and cold limits are guaranteed 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) Specification ensured by design. Not tested during production.

(4) Specification ensured by design. Not tested during production.
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7.11 Buck 6 Electrical Characteristic®®

over operating free-air temperature range (unless otherwise noted)
Unless otherwise noted, VIN = 3.3V, where: VIN =VIN_B1=VIN_B2, VIN_B3=VIN_B4=VIN_B5= VIN_B6.
The application circuit used is the one shown in “Typical Application Circuit".

Ta =25°C
PARAMETER TEST CONDITIONS A 3 UNIT
MIN TYP®  MAX
Vour Output Voltage default value 1.07 11 1.07 \%
lo DC Bias Current in Vin No Load, PFM Mode mA
louT-MAX Continuous maximum load current Buck 6 enabled, ® 25 A
IpEAK Peak switching current limit Buck 6 enabled 4.1 A
Nswe-5v Efficiency, Buck 6©) lout =100 MA—1A, Vour=1.1V, 80% 90%
L =1 pH, ESRL =50 mQ
Fsw Switching Frequency PWM operation 2 MHz
Cin Input Capacitor® 22 uF
Cout Output Filter Capacitor® 22 uF
- 3 0 mA = lout = louT-max
Output Capacitor ESR® 10 mQ
L Output Filter Inductance ©) 1 pH
VEgs Feedback Voltage Accuracy V out = 1.05 V (default), 11 \%
PWM Mode, No Load (%)
AVour DC Line regulation® 29V<VN<4.0V, -1% 1%
lout = louTt-max
DC Load regulation® Vin=3.3V, -1% 1%
0.1 x loyt-max = lout £ louT-Max
Irg Feedback pin input bias current Veg=1.1V 25 HA
Rps.on-Hs High Side Switch On Resistance Vin=3.3V 70 mQ
Rps-on-Ls Low Side Switch On Resistance 65 mQ
RpiscHARGE Active Discharge Resistance Measured from FB to GND 18 Q
Tstart Internal soft-start (turn on time) Start up from shutdown, Voyr =0V, 145 ps
no load, Vout = 95% of 1.1 V©),
Cout=22uF

(1) Alllimits are guaranteed by design, test and/or statistical analysis. All electrical characteristics having room-temperature limits are tested
during production with TA = 25M C. All hot and cold limits are guaranteed 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) Specification ensured by design. Not tested during production.
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7.12 Typical Characteristics, Efficiency

Buck2 Vin=3.3V, Vout=2.5V

95% /\/_-—‘
90%

Efficiency
<
3
®

0.001 001 01
Output Current (A)

Buck3 Vin=3.3V, Vout=1.8V
100%
95%
90% —
85%
z 8%
]
g 7%
&
o70%
65%
60%
55%
50%
0.001 001 01
Output Current (A)

Figure 1. Buck 2, Vin = 3.3 V, Vout = 1.8 V, Inductor:

Figure 2. Buck 3, Vin = 3.3 V, Vout = 1.8 V, Inductor:

IFSCO0806AZER2R2M01 IFSCO0806AZER2R2M01
Buck4 Vin=3.3V, Vout=1.8V Buck5 Vin=3.3V, Vout=1.1V
100% 100%
95% 95%
90% //_d\ 0%
T ~No—— __,_1_/\
85% —_— \ 85%
z 80% > 80%
:g 75% :é 75%
B E o
65% 65%
60% 60%
55% 55%
50% 50%
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Output Current (A) Output Current (A)
Figure 3. Buck 4, Vin = 3.3V, Vout = 1.8 V, Inductor: Figure 4. Buck 5, Vin = 3.3V, Vout = 1.1 V, Inductor:
MAMK2520T1R0 IFSCO0806AZER2R2M01
1003 B1 bypass Vin=3.3V
953 0.105 ‘
a0% 0.1 ‘
85% S 0095 e i
s / s 0.09 RE== == IS
/ \ ‘3’ 0.085
75% / \ ﬁ oos
70% < —24C
/ 0.075 k———i——— 90C
65% / 0.07 125C
0% / — FPWM(default) 0.065
— ——auto mode 006
/ 0 0.5 1 15 2 25 3
50% Output Current (A)
0.001 0.01 01 1

Figure 5. Buck 6, Vin = 3.3V, Vout = 1.1 V, Inductor:

MAMK2520T1R0

Figure 6. B1 Bypass, Vin =3.3V
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7.13 Typical Characteristics, Load Regulation

Buck2 Buck3

1.845

2535 1.835

1.825

Output Voltage (V)
5
<
&

Output Voltage (V)

1.815

251 D— 1.805
2.505
1.795
0.001 001 1.00E-03 1.00E-02 1.00E-01
Output Current (A) Output Current (A)

Figure 7. Buck 2 Output Voltage vs Output Current Figure 8. Buck 3, Output Voltage vs Output Current

Buck4 Buck5
1.81
1.114
1.112
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s s 111
i i
i i
2 1s USRS, g 1108
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1 1
£ £ 1.106
g g
o o
1.795 1.104
1.102
1.79 11
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Output Current (A)

Output Current (A)

Figure 9. Buck 4, Output Voltage vs Output Current

Figure 10. Buck 5, Output Voltage vs Output Current

Bucké

—— Auto mode

Output Voltage (V)
S
S

——FPWM

/

1.095

1.09
1.00E-03 1.00E-02 1.00E-01 1.00E+00
Output Current ()

Figure 11. Buck 6, Output Voltage vs Output Current (Default: FPWM)
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7.14 Typical Characteristics, Load Transients
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Figure 12. Buck 2 Load Transient, Image 1 of 2 Figure 13. Buck 2 Load Transient, Image 2 of 2
,,,,,,,,,,,,,,,,, o S
mwmmwmmw‘ 4
: s E -
N . . e . . . )
oo oo B ™ @E\m e e

Figure 14. Buck 3 Load Transient, 1 of 2 Figure 15. Buck 3 Load Transient, 2 of 2
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Figure 16. Buck 4 Load Transient, 1 of 2 Figure 17. Buck 4 Load Transient, 2 of 2
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Typical Characteristics, Load Transients

(continued)
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Figure 19. Buck 5 Load Transient Image 2 of 2

Figure 18. Buck 5 Load Transient, 1 of 2

Figure 20. Buck 6 Load Transient (FPWM) Image 1 of 2
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Figure 21. Buck 6 Load Transient (FPWM) Image 2 of 2

Copyright © 2014, Texas Instruments Incorporated

Product Folder Links: LM10692

Submit Documentation Feedback

17


http://www.ti.com/product/lm10692?qgpn=lm10692
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSA53&partnum=LM10692
http://www.ti.com/product/lm10692?qgpn=lm10692

13 TEXAS
INSTRUMENTS
LM10692

SNVSA53 —JULY 2014 www.ti.com

8 Detailed Description

8.1 Overview

LM10692 is a highly efficient and integrated Power Management Unit for Systems-on-a-Chip (SoCs), ASICs, and
processors. It operates cooperatively and communicates with ASICs over an 12C compatible serial interface with
programmable Regulator Vout, Dynamic Voltage Scaling (DVS), and individual Output Enable/Disable.

The device incorporates six high-efficiency synchronous buck regulators that deliver six output voltages from a
single power source.

8.2 Functional Block Diagram

t
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o o w w z
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8.3 Feature Description

8.3.1 UVLO, PFAIL and OVLO

The IC has a default UVLO setting of 2.4V with a hysteresis of 100mV (2.3V when VIN is falling). When VIN rises
above this threshold, start-up sequence is initialized and begins 3ms after. PFAIL_N output comes up when VIN
rises above 2.7V. There is a delay of 4ms between the time VIN rises above the PFAIL threshold and the
PFAIL_N output goes high. There is no delay when VIN falls below the PFAIL threshold.

When VIN rises over the OVLO threshold, the outputs are disabled. PFAIL_N output will not come down during
an OVLO event. The outputs are re-enabled in sequence when VIN falls below the OVLO threshold.

The PFAIL_N output needs an 10_VIN voltage of more than 1.0V to be operational. The value of the output is
invalid for I0_VIN voltages below 1.0V.

Y "o
PFAIL + -
23V ‘ ‘ N
+ t + + + + + + .
ouTs i
]
1 =
e e ——————— n e e ——————————
500mV/div 1MQ §y:500M A [2.39v @ [325ms B\ s80mv 500ms  20.0kS/s 50.0us/pt
@D 500mV/div 1MQ By:500M ATD 2.20v P 2.4
@D 500mV/div 1MQ By:500M @D [F01.9mv @« 2o7s 16 acqs RL:100k
O™ |49.23mv/s | @TTH (483.09mHz Auto  February 10,2014  15:27:31
@D Freq"  Hz )
@D +DtyCyc % [»)

Figure 22. UVLO and PFAIL Thresholds. VIN is Slewed at 1V/s
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Figure 23. OVLO Thresholds. VIN is Slewed at 1.5V/s
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Feature Description (continued)

8.3.2 OCP

When one channel reaches the Over Current Protection threshold, the current will be limited and the output
voltage will collapse as a result. The situation remains until the over current event is cleared and the system can
resume regulation. The IC will not reset due to an OCP event and the other channels will remain operational.
One exception is in the case of OCP on Buck6 or Buckl. Since Buckl is enabled only when Bucké is in a Power
Good state (output voltage within 90% of set value) and Buck4 is enabled only when Buckl is in a Power Good
state as well, Buckl and Buck4 will shut-down during OCP events on Buck6. Likewise, Buck4 will shut-down
during OCP events on Buckl.

Buckl OCP is not operational when Buckl is used as a bypass switch.

Values given in the EC table refer to peak inductor current, not average output current. The average output
current threshold will be lower due to the ripple in the inductor current.

The ripple can be estimated with the following formula:

V,
\V/ 1— ouT
ouT [ vV, J

IN
Lx2x10
where
e Al is the inductor ripple
« L is the inductance 1)

The threshold for the output current will then be:
lout max= lpeak- 0.5 X Al (2
8.3.3 PFAIL_N Operation and Output Thresholds

PFAIL N is a digital output with open drain. It can be pulled-up up to Vin. When the input voltage drops below
the threshold, PFAIL_N turns low within 20us. When the Vin rises above the threshold. PFAIL_N turns high after
a delay that is programmable in EPROM (Default is 4ms). By default there is a 100mV hysteresis between the
Vin threshold falling and the Vin threshold rising.

The PFAIL_N output needs an IO_VIN voltage of more than 1.0V to be operational. The value of the output is
invalid for IO_VIN voltages below 1.0V.

The PFAIL function is operational 2ms after power-up.
The rising and falling thresholds for the PFAIL_N output comparator are independently programmable. This
enables the setting of the hysteresis to any desired value within 50mV steps.

Table 1. Register Settings for HOSTMONITOR / PFAIL Rising and Falling Thresholds

N PFAILN UP_ PFAILN_DN SETTING THRESHOLD (V)
0 0 3.2

1 1 3.15

2 10 3.1

3 11 3.05

4 100 3

5 101 2.95

6 110 2.9

7 111 2.85

8 1000 2.8

9 1001 2.75

10 1010 2.7

11 1011 2.65

12 1100 2.6
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Feature Description (continued)
Table 1. Register Settings for HOSTMONITOR / PFAIL Rising and Falling Thresholds (continued)

N PFAILN UP_ PFAILN_DN SETTING THRESHOLD (V)
13 1101 2.55
14 1110 2.5
15 1111 2.45
16 10000 2.4
17 10001 2.35
18 10010 2.3
19 10011 2.3
20 10100 2.3

8.3.4 Power-Up Sequencing and EN_AON and EN_CPE

The EN_AON pin controls the sequenced startup of Always-On rails Buck 5, Buck 3, and Buck 2, each separated
by 0.5ms. The EN_CPE pin controls the sequenced startup of core power rails Buck 6, Buck 1, and Buck 4.
There is no logical dependency between EN_CPE and EN_AON, and it is expected that any required
dependency (for example, EN_CPE must be low when EN_AON is low) between these signals will be enforced
externally. Different startup sequences and timing are possible via factory trim. However, there is a fixed
dependency for the CPE rails (Buckl, Buck4, Buck6): Buck6é must be up and running for Buckl to start-up.
Likewise, Buckl needs to be up and running (in bypass mode or in buck mode) for Buck4 to start-up.

During the initial Power-up sequence, the controller checks all the internal Power Good flags. If all the PG flags
(Buck1-Buck6) are not high 8ms after the last programmed buck has begun soft-start, the IC will power-down
and wait 200ms before restarting. This means that EN_CPE must be high during the power-up sequence. Once
all the PGs have been asserted, EN_CPE can be toggled low at will.

The startup timing of the rails controlled by EN_CPE is different depending on whether EN_CPE goes high
during the initial startup sequence upon power-up, or during wake-up from a sleep mode. In the case where
EN_CPE goes high during the initial startup, the startup of Buck 6, Buckl, and Buck4 are delayed by 500us (or
longer depending on the soft-start time of each buck). In the case where it is waking up from a sleep mode, the
startups are only delayed by the PGOOD of the previous rail, so the timing is dependent on the soft-start time of
the rails which may be 100us to 1000us.

EN_AON controls Buck5, Buck3 and Buck2. When EN_AON is toggled high, Buck5, Buck3 and Buck2 will
power-up in sequence (5->3->2). When EN_AON is toggled low, all six rails (Buck1-Buck6) will power-down at
the same time regardless of the state of the EN_CPE pin.

When EN_AON is toggled back high, EN_CPE needs to be set high too for the system to re-start properly as in
the power-up sequence.

EN_CPE controls Buck6,Buckl and Buck4. When EN_CPE is toggled high, Buck6, Buckl and Buck4 will power-
up in sequence (6->1->4). When EN_CPE is toggled low, all three rails will shut-down at the same time.

Voltage at 10_VIN pin is not necessary for the AON rails to power-up. However 10_VIN needs to be supplied
with a proper voltage for the CPE rails to power-up.

Each channel has an active discharge circuitry which will discharge the output into an 18-20Q internal resistance
when the channel is turned-off in order to quickly lower the output voltage as needed by the SSD circuits before
being able to power up again. This will enable the user to toggle EN_CPE off and back on within a few
milliseconds. The discharge time of the output rails is dependant on the output capacitance used.
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| : | | | |
| 1 1 1 1
EN_AON | | | | |
: : : | | |
| PG_AON comes up when EN_AON bucks (5,3,2) all reach 90%
| |
AN
| : | | 1 I
EN CPE : | : : External ASIC pulls up EN_CPE with 1V8_AON rising
| | | | |
| : | | | |
PG CPE : | : : : : PG_CPE comes up when EN_CPE bucks
- | : | | | | (6,1,4)all reach 90%
| | | | I |
SW / Buck 1 ! ! | s I ! 3V3_Flash
I L l —
| | |
i ! | | | |
e e | I | |
| | | | | |
| | | | 3
Buck 4 | ! | | | I 1vV8_IO
! ! ! ! ! :
I | | |
| | | |
Buck 5 1st : : I : : 1V1_AON
|
I | I 1 1
| | 1st | |
Buck 6 | ! | ! ! 1V1_Core
I : 1
" 500us 500us ~ 500us ~ 500us 1000us

Figure 24. Power-up Sequence with EN_AON and EN_CPE, where EN_CPE is Tied to 1V8_AON.
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o 1 Sequence is guaranteed by
I : the internal Power Good
— ; triggers
EN_AON L
Buckl |Gecharge | | | 3V3_FLASH
Buck? A 2V5_AON
Buck3 1V8 AON
Active P I
BUCk4 discharge E E 1V8_|O
Buck5 o 1V1_AON
Active L E
Bucké | discharge : I i i 1V1_C0 re
1.6mstyp.
Figure 25. Wake-up Sequence from EN_CPE
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ouT1
//H_Q"ﬁ*—w‘-_“
ouT2
,,,,,,,,,,,,, : ours / s __._..0uT4
ouTs / ’/ . ouTe ) / J N
’/ {
f PG_AON VAR PG_CPE
- oonvian w0 82000 [F e = m;““\:num . 100nwp - ooy wo faew | [FayEen = |7-‘; muw.. revesy
v e v, ot pagliv
T v . ——— o . -
3= :E e = o
Figure 26. AON Rails Power-up Figure 27. CPE Rails Power-up

Figure 28. EN_CPE Toggle Off
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8.3.5 Low Power Operation

When the output current is low, each converter operates in PFM with a hysteretic pattern to limit the amount of
switching event to a minimum and keep the current consumption lower. Buckl and Buck6 are programmed to
operate in PWM mode all the time.

This mode can be overridden by the user with specific 12C commands (Specification ensured by design. Not
tested during production). However, the default programmed mode will be reloaded upon reset.

8.4 Device Functional Modes
8.4.1 Soft Start

8.4.1.1 Buck Mode

During power-up or when EN_AON or EN_CPE is toggled high, the bucks will turn on following a three steps
soft-start pattern. Each step lasts 125us and consist of a constant average inductor current. The output voltage
rise in a set of ramps as the output capacitor is being charged. If the set output voltage is reached prior to all the
steps being completed, the soft-start period will be over. After the 375us soft-start period has elapsed, the full
current (limited by the OCP setting for that buck converter) is allowed into the inductor regardless of the state of
the output voltage.

VOUT
Set VOUT

Full Current Limit

Soft-Start begins Soft-Start over

&—125 s 125 ps 125 pys——
Figure 29. Typical Soft-Start Pattern

It is preferable to ensure that the output voltage will be reached before the Soft-Start period is over. If not, in-rush
current spike might be observed on the input. That spike depends on input capacitor, output capacitor and output
voltage but is typically 1A to 2A in magnitude.

For higher output capacitances, the output voltage will rise more slowly. Also, for higher output voltage settings,
the desired output voltage will be reached less quickly. Hence depending on the output voltage, the output
capacitance might have to be limited if in-rush current is a concern.

8.4.1.2 Bypass Mode

If Buckl is programmed as a bypass mode, the gate of the internal High Side switch will be gradually increased
to ensure a soft-start pattern. After the HS switch has fully turned ON, the internal PG signal will come up and
the additional bypass switch between the input and the FB1 pin will turn-ON to help reduce the resistance and
voltage drop across the switch.
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Device Functional Modes (continued)

8.4.2 VIN_MODE and Buck1 Bypass Operation

The VIN_MODE input pin defines the behavior of Buckl and the thresholds for the PFAIL comparator.
The VIN_MODE pin function is sensed only when the converter powers-up.

Table 2. VIN_MODE and Buck1 Bypass Operation

VIN_MODE BUCK1 BEHAVIOR

VIN_MODE floating Buckl will always be in bypass mode when it is enabled. OUT1 is
not regulated. In this mode, it operates as a load switch and does
not require an inductor.

VIN_MODE tied to GND not recommended if Vout>0.8Vin Buckl regulates OUT1 to the VREF1 target. If VIN drops below a
threshold, Buckl will automatically enter bypass mode.

The state of this pin is defined at startup of PMIC and changes in state afterwards are ignored.

The LM10692 is mainly designed to interact with the SF3700 controller. For this purpose, it should operate with
VIN_MODE pin floating and Buckl operating as a switch, with FB connected directly to the B1_SW pin for
reduced ON resistance.

Buckl has a bypass FET integrated in the IC that connects B1_VIN directly to B1_FB. When VIN_MODE is
floating, Buckl will always be in bypass mode when it is enabled, and OUT1 is not regulated. In this mode,
Buckl operates as a load switch with the bypass FET (on the FB node) and high-side PFET (on the buck switch
node) both carrying current, and Buckl does not require an inductor.

When the VIN_MODE pin is set to GND, Buckl will regulate the output to the reference set by the Buckl voltage
code.

If the input voltage drops and the output cannot be regulated anymore, the output will then switch into bypass
mode and keep both the high-side PFET and bypass FET ON to minimize the resistance and reduce the drop on
the output voltage. The bypass FET provides a low resistance path around the inductor, and will carry the
majority of the current.

Since there may be potentially high currents being passed through the B1_FB pin, the traces for this particular
feedback path should be made thicker than for a conventional feedback pin.

When operating with VIN = 3.3V, it is recommended that VIN_MODE be left floating and that Buckl be operated
as a load switch. This shrinks the solution size and cost by enabling the user to remove the inductor for this
output. If VIN_MODE is tied GND, care must be taken to ensure that the required output voltage (typically 2.85V
for a Flash rail) can be met for the specified worst case VIN, which can be as low as 2.97V (-10% of 3.3V).
Transient performance specs are also difficult to meet at these operating points due to the very high duty cycle
operation. In order to meet performance specifications at worst case temperatures and max currents, a larger
inductor with lower DC resistance (DCR) may be needed.
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8.5 Programming

8.5.1 I°C Interface
Control of LM10692 is done via I°C compatible interface.

8.5.1.1 I°C Signals

In 12C-compatible mode, the SCL pin is used for the 12C clock and the SDA pin is used for the 12C data. Both
these signals need a pull-up resistor according to 12C specification. The values of the pull-up resistors are
determined by the capacitance of the bus. See 12C specification from Philips for further details. Signal timing
specifications are according to the 12C bus specification. Maximum frequency is 1MHz.

8.5.1.2 I°C Data Validity

The data on SDA line must be stable during the HIGH period of the clock signal (SCL). In other words, the state
of the data line can only be changed when CLK is LOW.

SCL
soA__ | | 4 A
| data | data | data | data ! data
| change {  valid |change | valid | change
allowed allowed allowed

Figure 30. 1°C Signals — Data Validity

8.5.1.3 [2C Start and Stop Conditions

START and STOP bits classify the beginning and the end of the 12C session. START condition is defined as
SDA signal transitioning from HIGH to LOW while SCL line is HIGH. STOP condition is defined as the SDA
transitioning from LOW to HIGH while SCL is HIGH. The 12C master always generates START and STOP bits.
The 12C bus is considered to be busy after START condition and free after STOP condition. During data
transmission, 12C master can generate repeated START conditions. First START and repeated START
conditions are functionally equivalent.

N LN LT

s ! P

START condition STOP condition

Figure 31. Start and Stop Conditions

8.5.1.4 Transferring Data

Every byte put on the SDA line must be eight bits long, with the most significant bit (MSB) being transferred first.
Each byte of data has to be followed by an acknowledge bit. All clock pulses are generated by the master. The
transmitter releases the SDA line (HIGH) during the acknowledge clock pulse. The receiver must pull down the
SDA line during the ninth clock pulse, signifying an acknowledge. A receiver which has been addressed must
generate an acknowledge after each byte has been received.

After the START condition, the I2C master sends a chip address. This address is seven bits long followed by an
eighth bit which is a data direction bit (R/W). The LM10692 address is 0x60. The eighth bit, a “0” indicates a
WRITE and a “1” indicates a READ. The second byte selects the register to which the data will be written. The
third byte contains data to write to the selected register.

Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 27
Product Folder Links: LM10692


http://www.ti.com/product/lm10692?qgpn=lm10692
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVSA53&partnum=LM10692
http://www.ti.com/product/lm10692?qgpn=lm10692

13 TEXAS
INSTRUMENTS
LM10692

SNVSA53 —JULY 2014 www.ti.com

Programming (continued)
8.5.1.5 Chip Address: 0x60H

MSB LSB

ADRG6 ADR5 ADR4 ADR3 ADR2 ADR1 ADRO RW
bit7 bité bit5 bit4 bit3 bit2 bit1 bit0

4— 12C SLAVE address (chip address) _>i
Figure 32. 1°C Chip Address

ack from slave ack from slave ack from slave

startN msthipAddressIsb msb Register Add Isb msb DATA Isb p

< LU U i
][] L THUUL T

start Id = 60h wi ack addr = 02h ack address h’'02 data ack! stop

w = write (SDA =“0")

r =read (SDA = “1")

ack = acknowledge (SDA pulled down by either master or slave)
rs = repeated start

moowp»

id = chip address
Figure 33. 1°C Write Cycle

When a READ function is to be accomplished, a WRITE function must precede the READ function, as shown in
the Read Cycle waveform below:

ack from slave ack from slave repeated start ack from slave ack from master

start x msb Chip Address Isbm msb Register Add Isb ' m msb DATA Isb X:XEP

o LU i
11 LU Ul

Figure 34. 1°C Read Cycle

:

r
[E]ujijini)
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8.6 Register Maps

The following table summarizes the register accessible through 12C. The content of these registers is erased at
power-up and the default values are loaded from the EPROM.

Table 3. 12C Register Summary

AIIEaE)%SS ID BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
Bucké Bucké Bucké Bucké Bucké
0 USER 00 Voltage Voltage Voltage Voltage Voltage
Code [4] Code [3] Code [2] Code [1] Code [0]
Buck5 Buck5 Buck5 Buck5 Buck5
1 USER 01 Voltage Voltage Voltage Voltage Voltage
Code [4] Code [3] Code [2] Code [1] Code [0]
Buck4 Buck4 Buck4 Buck4 Buck4
2 USER 02 Voltage Voltage Voltage Voltage Voltage
Code [4] Code [3] Code [2] Code [1] Code [0]
Buck3 Buck3 Buck3 Buck3 Buck3
3 USER 03 Voltage Voltage Voltage Voltage Voltage
Code [4] Code [3] Code [2] Code [1] Code [0]
Buck2 Buck2 Buck2 Buck2 Buck2
4 USER 04 Voltage Voltage Voltage Voltage Voltage
Code [4] Code [3] Code [2] Code [1] Code [0]
Buckl Buckl Buckl Buckl Buckl
5 USER 05 Voltage Voltage Voltage Voltage Voltage
Code [4] Code [3] Code [2] Code [1] Code [0]
6 USER 06
Buckl Buck2 Buck3 Buck4 Buck5 Bucké
7 USER 07 Enable Enable Enable Enable Enable Enable
8 USER 08 Buckl Buck2 Buck3 Buck4 Buck5 Buck6é
Force PWM | Force PWM | Force PWM | Force PWM | Force PWM | Force PWM
9 USER 09
A USER 10 Pé)oV\é)EDR Buckl OK Buck2 OK Buck3 OK Buck4 OK Buck5 OK Buck6 OK
(read only) (read only) | (read only) | (read only) | (read only) | (read only) | (read only)
TSD Fault CHIP REV | CHIP REV | CHIP REV | CHIP REV
B USER 1L | (read only) 3] 2] [ ]
Oscillator
C USER 12 Enable

8.6.1 Address 0x00-0x05: USER 00 — USER 05:

USERO00-USERO5 registers set the reference voltage of each buck converter. See the tables regarding the
mapping of the register values to the corresponding output voltage at the end of this datasheet.

8.6.2 Address 0x07: USER 07:
This register allows the user to turn on or off a specific buck regulator.

When a buck converter is re-enabled using 12C it will not follow the usual Soft-Start pattern. Instead VREF is
stepped up from its minimum voltage (according to code Ox1F from the voltage code tables) each 20 ps until the
set output voltage code is reached. The buck will also follow the usual current limited soft-start pattern as
described in the soft-start section of this datasheet but in typical cases, the soft-start time will now be dictated by
the VREF ramp time. (20 us per step). For example on Buck4 with Vout4 = 1.8 V, the usual soft-start time is less
than 200 ps. When enabled through 12C the soft-start time becomes 400 ps (20 steps from 1.1V to 1.8V).
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NOTE
The internal enable circuitry of Buckl and Buck4 are also determined by the internal
Power Good signals of Buck6é and Buckl respectively. This means that if Buckl is
shutdown for any reason, Buck4 will shutdown too regardless of the state of the Enable
flag for Buck4. Likewise, shutting down Buck6 will turn Buckl off (and as a ripple effect,
Buck4 off too).

8.6.3 Address 0x08: USER 08:

This register allows the user to force PWM operation of each converter regardless of the load. The converters
will not switch to PFM operation at light load. This results in increased current draw at light load due to switching
losses compared to the regular light-load PFM regulation.

8.6.4 Address 0x0A: USER 10:

This register is read-only and displays the internal Power Good signals of each converter as well as the global
Power Good signal.

8.6.5 Address 0xOB: USER 11:

This register display the Temperature Shutdown flag on bit7 as well as the chip revision ID on bits 0-3.
8.6.6 Address 0x0C: USER 12:

8.6.6.1 Oscillator Enable (bit 2)

Oscillator Enable bit allows the unit to enter Sleep mode. In this mode, internal circuitries are shut-down to
minimize quiescent current. All the BUCK converters are still active.

This mode should only be entered if all the bucks are operating in PFM mode (light load). If a Buck converter
tries to enter PWM operation when the IC is in sleep mode (in response to a load increase), its output voltage will
collapse.

The internal 12C accessible PG flags do not operate in Sleep mode. Converters cannot be enabled or disabled in
Sleep mode. Voltages cannot be changed via 12C.

External flags PG_CPE and PG_AON are still operational in Sleep mode.
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Table 4. BUCK 1: Voltage Code and Vout Level Mapping - 50 mV Steps
VOLTAGE CODE VOLTAGE

0x00 3.30

0x01 3.25

0x02 3.20

0x03 3.15

0x04 3.10

0x05 3.05

0x06 3.00

0x07 2.95

0x08 2.90

0x09 2.85

Ox0A 2.80

0x0B 2.75

0x0C 2.70

0x0D 2.65

OxOE 2.60

OxOF 2.55

0x10 2.50

0x11 2.45

0x12 2.40

0x13 2.35

0x14 2.30

0x15 2.25

0x16 2.20

0x17 2.15

0x18 2.10

0x19 2.05

Ox1A 2.00

0x1B 1.95

0x1C 1.90

0x1D 1.85

Ox1E 1.80

Ox1F 1.75
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Table 5. BUCK 2: Voltage Code and Vout Level Mapping - 50 mV Steps
VOLTAGE CODE VOLTAGE
0x00 2.55
0x01 2.50
0x02 2.45
0x03 2.40
0x04 2.35
0x05 2.30
0x06 2.25
0x07 2.20
0x08 2.15
0x09 2.10
Ox0A 2.05
0x0B 2.00
0x0C 1.95
0x0D 1.90
OxOE 1.85
OxOF 1.80
0x10 1.75
0x11 1.70
0x12 1.65
0x13 1.60
0x14 1.55
0x15 1.50
0x16 1.45
0x17 1.40
0x18 1.35
0x19 1.30
Ox1A 1.25
0x1B 1.20
0x1C 1.15
0x1D 1.10
Ox1E 1.05
Ox1F 1.00
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Table 6. BUCK 3/BUCK4: Voltage Code and Vout Level Mapping - 50 mV Steps
VOLTAGE CODE VOLTAGE

0x00 2.35

0x01 2.30

0x02 2.25

0x03 2.20

0x04 2.15

0x05 2.10

0x06 2.05

0x07 2.00

0x08 1.95

0x09 1.90

Ox0A 1.85

0x0B 1.80

0x0C 1.75

0x0D 1.70

OxOE 1.65

OxOF 1.60

0x10 1.55

0x11 1.50

0x12 1.45

0x13 1.40

0x14 1.35

0x15 1.30

0x16 1.25

0x17 1.20

0x18 1.15

0x19 1.10

Ox1A 1.05

0x1B 1.00

0x1C 0.95

0x1D 0.90

Ox1E 0.85

Ox1F 0.80
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Table 7. BUCK 5/BUCK 6: Voltage Code and Vout Level Mapping - 25 mV Steps
VOLTAGE CODE VOLTAGE
0x00 1.575
0x01 1.550
0x02 1.525
0x03 1.500
0x04 1.475
0x05 1.450
0x06 1.425
0x07 1.400
0x08 1.375
0x09 1.350
Ox0A 1.325
0x0B 1.300
0x0C 1.275
0x0D 1.250
OxOE 1.225
OxOF 1.200
0x10 1.175
0x11 1.150
0x12 1.125
0x13 1.100
0x14 1.075
0x15 1.050
0x16 1.025
0x17 1.000
0x18 0.975
0x19 0.950
Ox1A 0.925
0x1B 0.900
0x1C 0.875
0x1D 0.850
Ox1E 0.825
Ox1F 0.800
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9 Application and Implementation
9.1 Application Information
9.2 Typical Application
1.8V_AON
LM10692 ow 3 SSD
J S G S 0 § Controller
$ 3 3 2
o EnAoN EN_CPE |«
PG_AON >
—»| VIN_MODE PG_CPE > g)és[:ﬁm
PFAIL >
c A >
Power T AVIN B 12 ooile Flash
Supply 22 ng_ AGND
B Mode 2.5A
2.5V-55V B1_SW P 2.85V/3.3V
S T B1VIN »[BUCKT /T 22uF
; 47 “Fg— PGND - L
e * R B2_sw|——fm- 2Qreomh 2.5V AON H  1svio
4.7 F % ”| BUCK2 - / 10 uF
g = B2_FB
(%)
o 1.8V/200mA
T B3_VIN w B3_SW |——"" 1.8V AON
© » BUCK3 224K
10 uF ;— PGND g 104F
= B3_FB
l B4_VIN 8 m 1.8V/2.5A
N B4_SW »
o T g > BUCK 4 rou L 1evio
= B4_FB 22 HF
O _
j_ 8o-VIN = 1.1V/800mA
b > g
10pF B5_SW 1.1V AON
iR 3 BUCKS5 22 /L
B5_FB H
T B6_VIN
1.1V/2.5A
k PGND B6_SW —1’?"H /4 1.1V CORE
BUCK®6 L /1 22 uF
B6_FB H

Figure 35. Typical Application Circuit

9.2.1 Design Requirements

The application needs to be able to operate with the default output voltages. Output voltages can be changed
through 12C after start-up but the power-up levels will always be the default values.

Load current needs to be defined in order to ideally size the inductor and the capacitors. Inductors need to be
sized in order to handle the full expected load current (saturation and heat dissipation wise) as well as the peak
current generated during load transient and start-up. In rush current at start-up will depend on the output
capacitor selection and vary for each channels. The section below will help the user to select a value of output
capacitor to minimize the in-rush current during power-up.

The user needs to ensure that EN_CPE is up during power-up, even if the pin is not actively driven. If the
EN_CPE is not up early during the sequence, the PMIC will reset and re-atempt to restart. Once all the rails are
up, EN_CPE can be driven high or low as needed
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Typical Application (continued)
9.2.2 Detailed Design Procedure

9.2.2.1 Inductor

It is important to ensure 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 25°C, so ratings at maximum ambient temperature of the application should be
requested from the manufacturer.

The following inductors are recommended for the use in LM10692 applications. In general we recommend the
use of high performance inductor with a soft-saturation behavior in the circuit in order to optimize efficiency and
space while offering adequate response to currents up to the peak OCP levels.

Table 8. Recommended Inductors for LM10692

PART NUMBER MANUFACTURER USE
MAMK2520-1R0 Taiyo-Yuden B4,B6
PIFE20161T-1R0O Cyntec B4,B6
IFSCO0806AZ2R2 Vishay B2,B3,B5
PIFE20161T-2R2 Cyntec B2,B3,B5
MAKK2016T2R2M Taiyo-Yuden B5
MAKK2016T1ROM Taiyo-Yuden B4
MDKK1616T2R2M Taiyo-Yuden B2,B3,B5

9.2.2.2 Output Capacitor

The channels on the LM10692 are designed to work with 22uF of output capacitance. Extra capacitance can be
added up to 100pF to improve transient performance. Depending on the output voltage, the extra capacitance
can result in increase in-rush current during start-up. Typical peak in-rush current levels for switching bucks with
22uF output capacitance are within 200mA. With added capacitance the in-rush current increases.

As described in the soft-start section, the start-up sequence comprises of three steps with fixed output current
levels, each 125us long. The current level for each of these steps is summarized in the table below.

Table 9. Soft-Start Charging Current

Stepl Step2 Step3

Buckl (in buck mode) 0.17A 0.48A 0.48A
Buck2 0.25A 0.43A 0.65A

Buck3 0.2A 0.4A 0.4A

Buck4 0.2A 0.5A 0.9A

Buck5 0.3A 0.4A 0.4A

Buck6 0.3A 0.7A 0.7A

If the output voltage is not reached by the end of the soft-start sequence, a current spike will be seen on the
input as the converter rushes to finish charging the output capacitors as fast as possible.

Assuming no or very light load on the output, the recommended maximum capacitance to limit in-rush current for
each bus can be defined by:

)
(Istep1+ Istep2 + Istep3) -125-10

Cout =
Vour
where
Isiep IS the current of the given soft start step
e Vgyr the final output voltage 3)

For the default output voltage this means the recommended maximum output capacitance is:
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Table 10. Output Capacitor Selection

Output Voltage Max. Output Capacitor
Buck1 (in buck mode) 2.85V 50uF
Buck2 2.5V 66uF
Buck3 1.8v 69uF
Buck4 1.8v 104pF
Buck5 1.1v 125pF
Buck6 1.1V 193pF

For Buck5 and Bucl6, we recommend capacitance of less than 110uF for stability reasons

9.2.2.3

Input Capacitor Selection

Input Capacitor selection For typical applications a 10uF at the input of the high current bucks (Buck4, Buck5,
Buck6 and Buckl in buck mode) should be sufficient. For lower current channels (Buck2 and Buck3) a 4.7uF is
sufficient. More input capacitance can be added on the inputs to reduce in-rush current during soft-start of the
channels.

9.2.3 Application Curves
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Figure 36. Startup of the AON rails Figure 37. Startup of the CPE rails
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10 Power Supply Recommendations

The device contains six programmable buck converters. Table 11 lists the output characteristics of the power
regulators.

10.1 Supply Overview

Table 11. Output Characteristics of the Power Regulators

REGULATOR DEFAULT PROGRAMMABLE CURRENT ¥ NCREVENT
DEFAULT
Buck 1 2.85V 1.75-3.3V 2.5A 50mV
Buck 2 2.5V 1.0 — 2.55v 200mA 50mV
Buck 3 1.80V 0.8 —2.35vV 200mA 50mV
Buck 4 1.80V 0.8 —2.35vV 2.5A 50mV
Buck 5 1.10v 0.8 —1.575Vv 800mA 25mVv
Buck 6 1.10v 0.8 — 1.575V 2.5A 25mVv
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11 Layout

11.1 Layout Guidelines

Proper layout of the PCB is critical to the proper operation of the IC. A compact layout will yield better
performances as well as an overall reduced footprint for the solution.

Of prime importance is the location of the input capacitors. Those need to be close to the IC’'s power input they
are assigned to in order to reduce the parasitic inductance between the input and the power rails inside the IC.

The output capacitors should be connected close to the GND of the input capacitors of the same channel. This is
because current flows from the input capacitor (through the inductor) to the output capacitor and the load during
the part of the switching cycle when the HS FET is ON.

Inductors should be close to the switch nodes. The path from the switch node pin and the inductor pad should be
minimized. It is a good practice to keep the PCB from having any copper such as ground planes underneath the
inductor pad on the switch node side to reduce switch node capacitance. Increased switch node capacitance can
lead to lower efficiency as it increases the turn-on and turn-off time of the FET and thereby increases switching
losses.

Signal traces should avoid crossing underneath the switch node traces and pads or passing between the
inductor’s pads in order to avoid noise from the switch node and the magnetic components to couple into these
lines. This applies particularly to the feedback lines.

To increase thermal conductivity and help carry heat away from the IC, the planes should have as large surfaces
as possible, which is applicable in particular to PVIN and GND with regard to the IC. This also applies to the six
outputs lines in order to spread the heat generated on each of the inductors.
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11.2 Layout Example

Figure 38. LM10692 Layout Example
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12 Device and Documentation Support

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

12.2 Electrostatic Discharge Caution

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

12.3 Glossary

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

13 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
I Drawing Qty @ (6) (3) (4/5)
LM10692BRMYR ACTIVE VQFN RMY 36 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 10692B Samples
& no Sh/Br) Al
LM10692BRMYT ACTIVE VQFN RMY 36 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 10692B Samples
& no Sh/Br) Al
LM10692RMYR ACTIVE VQFN RMY 36 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM10692 Samples
& no Sh/Br) Al
LM10692RMYT ACTIVE VQFN RMY 36 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM10692 Samnles
& no Sb/Br) Al 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.
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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.

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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MECHANICAL DATA

RMY (S—PVQFN—N36)

PLASTIC QUAD FLATPACK NO—LEAD
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4221446/A 03/14

NOTES:

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5-1994.

This drawing is subject to change without notice.

Quad Flatpack, No—Leads (QFN) package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
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THERMAL PAD MECHANICAL DATA

RMY (S—PWQFN—-N36) PLASTIC QUAD FLATPACK NO-LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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Exposed Thermal Pad Dimensions
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NOTE: All linear dimensions are in millimeters
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve 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. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or 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 altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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