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LM21215A 15-A Ultra High-Efficiency Synchronous Buck Converter With Frequency
Synchronization

1 Features

» High-Efficiency Synchronous DC-DC Converter
— Input Voltage Range of 2.95V to 5.5V
— Adjustable Output Voltage From 0.6 V to Vg
— Output Current as High as 15 A

* Frequency Synchronization 300 kHz to 1.5 MHz

* Integrated 7-mQ PMOS Buck Switch Supports
100% Duty Cycle for Low Dropout Voltage

e Integrated 4.3-mQ NMOS Synchronous Rectifier
Eliminates Schottky Diode

» Accurate £1% Internal Voltage Reference

» Automatic Diode Emulation Mode for Improved
Efficiency at Light Loads

* Monotonic Pre-Biased Startup
» Internal 0.5-ms or Externally Adjustable Soft-Start
» Output Voltage Tracking Capability
» Ultra-Fast Line and Load Transient Response
— Voltage-Mode PWM Control
— Wide-Bandwidth Voltage Loop Error Amplifier
» Precision Enable with Hysteresis
» Integrated OVP, UVP, OCP and UVLO
» Open-Drain Power Good Indicator
» Thermal Shutdown Protection With Hysteresis
e Thermally-Enhanced HTSSOP-20 Package

2 Applications

» Telecommunications Infrastructure

« DSP and FPGA Core Voltage Supplies

» High Efficiency POL Conversion

» Embedded Computing, Servers and Storage

Typical Application Circuit
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3 Description

The LM21215A is a synchronous buck DC-DC
converter that delivers up to 15 A of output current at
output voltages as low as 0.6 V. Operating over an
input voltage range of 2.95 V to 5.5 V with ultra-high
efficiency, the LM21215A suits a wide variety of low
voltage systems. The voltage-mode control loop with
high gain-bandwidth error amplifier provides high
noise immunity, narrow duty cycle capability and is
easily compensated for stable operation with any type
of output capacitor, providing maximum flexibility and
ease of use.

The LM21215A features internal overvoltage
protection (OVP) and cycle-by-cycle overcurrent
protection (OCP) for increased system reliability. A
precision enable pin and integrated UVLO allow turn-
on of the device to be tightly controlled and
sequenced. Startup inrush currents are limited by an
internally-fixed or externally-adjustable soft-start
circuit. An integrated open-drain PGOOD indicator
provides fault reporting and supply sequencing.

Other features include auxiliary voltage rail tracking,
monotonic startup into pre-biased loads, and
switching frequency synchronization to an external
clock signal between 300 kHz and 1.5 MHz for beat-
frequency sensitive and multi-regulator applications.
The LM21215A is offered in a thermally-enhanced
20-pin HTSSOP package with an exposed pad that is
soldered to the PCB to achieve a very low junction-to-
board thermal impedance.

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

PART NUMBER
LM21215A

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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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 Pin Configuration and Functions

PWP Package
20-Pin HTSSOP With Exposed Thermal Pad

Top View

SYNC 1 20 AGND
ssmrRk 2] . . 19 FB
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Pin Functions

PIN
TYPE® DESCRIPTION

NO. NAME

1 SYNC | Frequency synchronization input pin. Applying a clock signal to this pin forces the device to switch
at the clock frequency. If left unconnected, the frequency defaults to 500 kHz.
Soft-start control pin. An internal 2-pA current source charges an external capacitor connected

2 SS/TRK | between this pin and AGND to set the output voltage ramp rate during startup. This pin can also be
used to configure the tracking feature.

3 EN | Active high precision enable input. If not used, the EN pin can be left open, which will go high due to
an internal pullup current source.

4 AVIN p Analog input voltage supply that generates the internal bias. Connect PVIN to AVIN through a low
pass RC filter to minimize the influence of input rail ripple and noise on the analog control circuitry.
Input voltage to the power switches inside the device. Connect these pins together at the device.

5-7 PVIN P : : ; ;
Locate a low ESR input capacitance as close as possible to these pins.

8-10 PGND G Power ground pins for the internal power switches.

11-16 SW P Switch node pins. Tie these pins together locally and connect to the filter inductor.

17 PGOOD (0] Open-drain power good indicator.

18 COMP (0] Compensation pin is connected to the output of the voltage loop error amplifier.

19 FB | Feedback pin is connected to the inverting input of the voltage loop error amplifier.

20 AGND G Quiet analog ground for the internal reference and bias circuitry.

Ep Exposed p Exposed metal pad on the underside of the package with an electrical and thermal connection to

Pad PGND. Connect this pad to the PC board ground plane to improve thermal dissipation.

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

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

MIN MAX UNIT
PVIN® to GND, AVIN to GND -0.3 6 \Y
SW® to GND -0.3 Vpyiy + 0.3 Y
EN, FB, COMP, PGOOD, SS/TRK to GND -0.3 Vpyiy + 0.3 \Y
Storage temperature, Tgyg -65 150 °C

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

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

specifications.

(3) The PVIN prin can tolerate transient voltages up to 6.5 V for a duration of up to 6 ns. These transients can occur during normal

operation of the device.

(4) The SW pin can tolerate transient voltages up to 9 V for a duration of 6 ns and —1 V for a duration of 4 ns. These transients can occur

during normal operation of the device.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () +2000
Viesp)  FElectrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101© +500 v
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Input voltages | PVIN, AVIN to GND 2.95 55 \%
Output current, loyt -0.3 15 A
Junction temperature, T, -40 125 °C
6.4 Thermal Information
LM21215A -1
THERMAL METRIC® PWP (HTSSOP) UNIT
20 PINS
Rgia Junction-to-ambient thermal resistance 30.5 °C/IW
Raic(top) Junction-to-case (top) thermal resistance 12.9 °C/IW
Reis Junction-to-board thermal resistance 0.3 °CIW
Wit Junction-to-top characterization parameter 0.3 °C/IW
Wig Junction-to-board characterization parameter 2.3 °C/IW
Raic(bot) Junction-to-case (bottom) thermal resistance 0 °C/IW

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

report, SPRA953.
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6.5 Electrical Characteristics

Unless otherwise stated, the following conditions apply: Vpyiy = Vavin= 5V, T; = 25°C. Minimum and maximum limits are
specified through test, design, or statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C

and are provided for reference purposes only.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SYSTEM
T;=-40°C to 125°C —1% 1%
Veg Feedback voltage ViN=295Vto55V \%
T;=25°C 0.6
AVoyt/Aloyr Load regulation 0.02% Vout/A
AVoyt/AVy  Line regulation 0.1% Vout/V
R High-side switch ist lsw =12 A Lkt taed -2 % ma
R igh-side switch on-resistance = m
DSON-HS g sw T,=25°C 7
R L id itch - | 1A T;=-40°C to 125°C 6 o
R ow-side switch on-resistance = m
DSON-LS sw T,=25°C 43
L . . T;=-40°C to 125°C 17.3 22.8
lclr HS rising switch current limit A
T;=25°C 20
lcLe LS falling switch current limit 14 A
Vzx Zero-cross voltage -8 3 12 mV
. . T;=-40°C to 125°C 3
lo Operating quiescent current mA
T;=25°C 15
. T;=-40°C to 125°C 70
Isp Shutdown quiescent current Ven=0V HA
T;=25°C 50
L T;=-40°C to 125°C 2.45 2.95
Vuvio AVIN undervoltage lockout AVIN rising \%
T;=25°C 2.70
v AVIN und " lockout hvst . | T;=-40°C to 125°C 140 280 v
undervoltage lockout hysteresis m
UVLOHYS g y T,=25°C 200
T;=-40°C to 125°C -10 20
VTRACKOS SS/TRACK accuracy (VSS/TRK - VFB) 0< VSS/TRK <055V mV
T;=25°C 6
. T;=-40°C to 125°C 1.3 25
Iss Soft-start pin source current HA
T;=25°C 1.9
T;=-40°C to 125°C 350 675
tiNTSS Internal soft-start ramp to Vref SS/TRK open ps
T;=25°C 500
‘ Devi ‘t fostart T;=-40°C to 125°C 50 200
evice reset to soft-start ram s
RESETSS p T,=25°C 110 2
OSCILLATOR
fsyncr SYNC frequency range T;=-40°C to 125°C 300 1500 | kHz
¢ Default (no SYNC signal) f T;=-40°C to 125°C 475 525 KH
efault (no signal) frequenc z
DEFAULT g q y T,=25°C 500
tsy sw Time from Vsync falling to Vsyy rising 200 ns
toy MmN |l\/I|n|mum SYNC pulse width, high or 100 ns
- ow
tHSBLANK HS OCP blanking time Rising edge of SW to I g comparison 55 ns
L SBLANK LS OCP blanking time Falling edge of SW to I comparison 400 ns
tZXBLANK Zero cross blanking time Falling edge of SW to Vzx comparison 120 ns
tMINON Minimum HS on-time 140 ns
AVramp PWM ramp peak-peak voltage 0.8 \%
ERROR AMPLIFIER
VoL Error amplifier open-loop gain lcomp = —65 pAto 1 mA 95 dB
GBW Error amplifier gain-bandwidth 11 MHz
Irs Feedback pin bias current Veg = 0.6 V 1 nA
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Electrical Characteristics (continued)

Unless otherwise stated, the following conditions apply: Veyy = Vavin=5 V, T; = 25°C. Minimum and maximum limits are
specified through test, design, or statistical correlation. Typical values represent the most likely parametric norm at T, = 25°C
and are provided for reference purposes only.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
lcompsre COMP output source current 1 mA
lcomPsINK COMP output sink current 65 HA
POWER GOOD
Voue Overvoltage protection rising Vg rising Ty =—40°Cto 125°C 105% 120% Ves

threshold T; = 25°C 112.5%
VovPHYS Overvoltage protection hysteresis Vgg falling 2% Veg
Vove t_rl]rr\gsr:\(/)cl)(;tage protection rising Vea rising Ij z ;E);C to 125°C 82% — 97% Veg
VuvPHYS Undervoltage protection hysteresis Vgg falling 2.5% Veg
tpGDGL PGOOD deglitch low Time to PGOOD falling after OVP/UVP event 15 ps
tPGDGH PGOOD deglitch high Minimum low pulse 12 ps
RpGooD PGOOD pulldown resistance Ty =40°C 10 125°C 10 Sl
T;=25°C 20
IPGOODLEAK PGOOD leakage current Vpcoop =5V 1 nA
LOGIC
ViHsyne SYNC pin logic high 2 \%
V|LsyNne SYNC pin logic low 0.8 \%
ViHENR EN pin rising threshold Ven Rising Ty =—40°C 10 125%C 12 145 v
T;=25°C 1.35
VENHYS EN pin hysteresis Ty =40°C 10 125°C 20 180 mV
T;=25°C 110
len EN pin pullup current Ven=0V 2 HA
THERMAL SHUTDOWN
T1sp Thermal shutdown 165 °C
TTsD-HYS Thermal shutdown hysteresis 10 °C
6 Submit Documentation Feedback Copyright © 2011-2016, Texas Instruments Incorporated
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6.6 Typical Characteristics

Unless otherwise specified: Viy =5V, Vour = 1.2 V, Lg = 0.56 pH (1.8 mQ RpeRr), Css = 33 nF, Fgy = 500 kHz, T, = 25°C for
efficiency curves, loop gain plots and waveforms, and T; = 25°C for all others.

100 2 Fsw =500 kHz 100 2 vouT=12v
08 |—m FSW = 750 kHz 08 |—m VOUT = 3.3V
FSW = 1 MHz _—
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Figure 1. Efficiency Figure 2. Efficiency
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Figure 3. Efficiency (Vout = 2.5 V, Fsw= 500 kHz, Inductor Figure 4. Load Regulation
P/N SER2010-601MLD)
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Figure 5. Line Regulation Figure 6. Non-Switching lorotaL) VS Vin
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Typical Characteristics (continued)

Unless otherwise specified: Viy =5V, Vour = 1.2V, Lg = 0.56 pH (1.8 mQ Rpcg), Css = 33 nF, Fgy = 500 kHz, T, = 25°C for
efficiency curves, loop gain plots and waveforms, and T; = 25°C for all others.
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Figure 7. Non-Switching layy and lpyy VS Temperature
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Figure 8. Feedback (FB) Voltage vs Temperature
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Figure 9. Enable Threshold and Hysteresis vs Temperature
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Figure 12. OVP/UVP Threshold vs Temperature

8 Submit Documentation Feedback

Copyright © 2011-2016, Texas Instruments Incorporated

Product Folder Links: LM21215A


http://www.ti.com/product/lm21215a?qgpn=lm21215a
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSB87C&partnum=LM21215A
http://www.ti.com/product/lm21215a?qgpn=lm21215a

i3 TEXAS
INSTRUMENTS
LM21215A

www.ti.com SNOSB87C —MARCH 2011 —-REVISED JANUARY 2016

Typical Characteristics (continued)

Unless otherwise specified: Viy =5V, Vour = 1.2V, Lg = 0.56 pH (1.8 mQ Rpcg), Css = 33 nF, Fgy = 500 kHz, T, = 25°C for
efficiency curves, loop gain plots and waveforms, and T; = 25°C for all others.
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& 152
= 148 8
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= 136 g s T
% 132 A | —
S 128 —
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124
120 2
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Figure 13. Minimum On-Time vs Temperature Figure 14. MOSFET On-State Resistance vs Temperature
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Figure 15. Peak Current Limit vs Temperature Figure 16. SYNC Signal Removed, 4 ps/Div
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Figure 17. SYNC Signal Acquired, 10 ps/dlv Figure 18. Load Transient Response, 100 ps/Div
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Typical Characteristics (continued)

Unless otherwise specified: Viy =5V, Vour = 1.2V, Lg = 0.56 pH (1.8 mQ Rpcg), Css = 33 nF, Fgy = 500 kHz, T, = 25°C for
efficiency curves, loop gain plots and waveforms, and T; = 25°C for all others.
R N A R D R AL I LI EURL AL

iVOUT (500 mV/DIV)

F Vpcoop (5V/Div)

lour (10A/DIV)

Figure 19. Startup with Prebiased Output, 2 ms/Div Figure 20. Startup with SS/TRK Open Circuit, 200 ps/Div
(L EE N E A LR R R B B B T i , T ¥ ) T
Fea, ‘Vour (500 MV/Div) Vsw (2V/Div)
E .......... .‘,..!!..,r_..!...._._qqnﬁrl:laﬁ;\ M " N N " s
_>: ) " T : 1 > b e L nd»--"-"---lr_r-'; I e e
L " Virack (500 MV/Div) ™~ ] ]
S AN i 2 I S R A ' ; L
L Ve VDY) - || ; N3 Vour (1V/Div)
lour (10AIDW) _ TANAN AN VAN N
i N ] IL (10A/Div) -
E L E R : . ! :
Figure 21. Startup with Tracking Signal Applied, 200 ms/Div Figure 22. Output Overcurrent Condition, 10 ps/Div ‘
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7 Detailed Description

7.1 Overview

The LM21215A synchronous buck regulator features all of the functions necessary to implement an efficient low-
voltage converter using a minimum number of external components. This easy-to-use regulator features two
integrated power MOSFET switches and is capable of supplying up to 15 A of continuous output current.
Synchronous rectification yields high efficiency for low output voltage and high load current applications, whereas
discontinuous conduction mode (DCM) with diode emulation mode (DEM) enables high-efficiency conversion
with light load current conditions.

The regulator utilizes voltage-mode control with trailing-edge PWM modulation to optimize stability and transient
response over the entire input voltage range. The device operates at high switching frequency, allowing the use
of a small inductor yet still achieving high efficiency. The precision internal voltage reference allows output
voltages as low as 0.6 V. Fault protection features include peak and valley current limiting, thermal shutdown,
overvoltage protection, and undervoltage lockout. The device is available in the HTSSOP-20 package featuring
an exposed pad to aid thermal dissipation. The LM21215A is ideal for numerous applications to efficiently step-
down from a 5-V or 3.3-V bus.

7.2 Functional Block Diagram

SYNC LJ] PLL
Iumir High | :l PVIN
VREF Thermal HI
0.6v Shutdown
PVIN
AVIN
Z-ﬂ N UvVLO - .
A Ir>—— or N———eo—P| Driver, |-|:
AVIN [ -
=
Precision
1.35V Enable
e R
EN[ EN >
I:J Control
PWM Logic
Comparator Zero-cross
AVIN osCc — RAMP PWM :| SW
pu—
INT MA @
SS
1.9uA
|_/\_ . PVIN
SS/TRK[ —e M . —
0.6V EA b :
FB -
COMP || N
ovP % |
lumir Low
0.675V—] PowerBAD H I
¢— ] PGND
0.54V—+j, v
—~ ] PGOOD
|
T >
Copyright © 2011-2016, Texas Instruments Incorporated Submit Documentation Feedback 11

Product Folder Links: LM21215A


http://www.ti.com/product/lm21215a?qgpn=lm21215a
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSB87C&partnum=LM21215A
http://www.ti.com/product/lm21215a?qgpn=lm21215a

13 TEXAS
INSTRUMENTS
LM21215A

SNOSB87C —MARCH 2011—-REVISED JANUARY 2016 www.ti.com

7.3 Feature Description

7.3.1 Precision Enable

The EN pin allows the output of the device to be enabled or disabled with an external control signal. This pin is a
precision analog input that enables the device when the voltage exceeds 1.35 V (typical). The EN pin has 110
mV of hysteresis and disables the output when the Enable voltage falls below 1.24 V (typical). If the EN pin is not
used, it can be left open as it is pulled high by an internal 2-pA current source. Since the EN pin has a precise
turn-on threshold, it can be used along with an external resistor divider network from VIN to configure the device
to turn on at a precise input voltage.

7.3.2 Input Voltage UVLO

The LM21215A has a built-in undervoltage lockout protection circuit that prevents the device from switching until
the input voltage reaches 2.7 V (typical). The UVLO threshold has 200 mV of hysteresis that prevents the device
from responding to power-on glitches during startup. As mentioned above, adjust the turn-on threshold of the
supply by using the precision enable pin and a resistor divider network connected to VIN. Please refer to
Figure 30 of the Detailed Design Procedure section for more detail.

7.3.3 Soft-Start Capability

When EN exceeds 1.35 V and AVIN is above its UVLO threshold of 2.7 V, the LM21215A begins charging the
output linearly to the voltage setpoint dictated by the feedback resistor network. The LM21215A employs a user-
adjustable soft-start circuit to set the output voltage ramp time during startup. A capacitor from SS/TRK to GND
sets the required soft-start time. Once the enable voltage exceeds 1.35 V, an internal 1.9-yA current source
begins to charge the soft-start capacitor. This allows the user to limit inrush currents due to a high output
capacitance and avoid an overcurrent condition. Adding a soft-start capacitor also reduces the stress on the input
rail. Use Equation 1 to calculate the soft-start capacitance.

_tss'

Ss
ss
0.6V
where
* lggis nominally 1.9 pA
e tggis the desired startup time Q)

If V,y is higher than the UVLO level and Enable is toggled high, the soft-start sequence begins. There is a small
delay between enable transitioning high and the beginning of the soft-start sequence. This delay allows the
LM21215A to initialize its internal circuitry. Once the output has charged to 90% of the nominal output voltage,
the PGOOD flag transitions high. This behavior is illustrated in Figure 23.

° Vuve
e A 90% Vour
£ | Vour
o (I
> \ I
Enable Delay, |
treSETSS Iy
>l : |
&
|
| | Ven
! | ]
| | |
| |
| by
| | I Vpcoob
| |
| |
| |
| |
} } P Time
[P
Soft-Start Time, tss
Figure 23. Soft-Start Timing
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Feature Description (continued)

As shown above, the soft-start capacitance is set by the nominal feedback voltage level 0.6 V, the soft-start
charging current Igg, and the desired soft-start time. If a soft-start capacitor is not installed, the LM21215A
defaults to a soft-start time of 500 us. The LM21215A cannot startup faster than 500 ps. When Enable is cycled
or the device enters UVLO, the soft-start capacitor is discharged to reset the startup process. This also occurs
when the device enters short circuit mode following an overcurrent event.

7.3.4 PGOOD Indicator

The PGOOD flag provides the user with a way to monitor the status of the LM21215A. In order to use the
PGOOD function, the application must provide a pullup resistor to a desired DC voltage, for example VIN.
PGOOD responds to a fault condition by pulling PGOOD low with the open-drain output. PGOOD pulls low on
the following conditions: 1) Vgg moves above or below the Vgoyp Or Ve, respectively; 2) The EN voltage is
brought below the Enable turn-off threshold; 3) A pre-biased output condition exists (Veg > Vsgrrk). PGOOD has
12 ps and 15 ps of built-in deglitch time for rising and falling edges, respectively.

Figure 24 shows the conditions that cause PGOOD to respond.

tRESETSS

oo 1A~

Vovp

7 L VovPHYS
Ve Vavp / y
14 - T VUVPHYS
|

|
ol Vg ¥ 0T
(I

;ill ’
I Il

ovpP DISABLE PRE-BIASED
STARTUP

teaDGL

tPGDGH

Figure 24. PGOOD Indicator Operation

7.3.5 Frequency Synchronization

The SYNC pin allows the LM21215A to be synchronized to an external clock frequency. When a clock signal
within the allowable frequency range of 300 kHz to 1.5 MHz is present on SYNC, an internal PLL synchronizes
the turn-on of the high-side MOSFET (SW voltage rising) to the negative edge of the clock signal, as seen in
Figure 25.

The clock signal can be present on the SYNC pin before the device is powered on without loading of the clock
signal. Alternatively, if a clock signal is not present while the device is powered up, the default switching
frequency is 500 kHz. Once the clock signal is available, the device synchronizes to the clock frequency. The
time required to achieve synchronization depends on the clock frequency.
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Feature Description (continued)

Vsync &
VIH_SYNC e
VIL_SYNC » Time
Vsw A
VIN
— » Time
—» - tgy_sw

Figure 25. Frequency Synchronization

7.3.6 Current Limit

The LM21215A has overcurrent protection to avoid excessive current levels through the power MOSFETs and
inductor. A current limit condition exists when the high-side MOSFET's current exceeds the rising current limit
level, I g- The control circuitry responds to this event by turning off the high-side MOSFET and turning on the
low-side MOSFET. This forces a negative voltage on the inductor, thereby causing the inductor current to
decrease. The high-side MOSFET does not conduct again until the lower current limit level, Ic ¢, is sensed on
the low-side MOSFET. At this point, the LM21215A resumes normal switching.

A current limit condition causes the internal soft-start voltage to ramp downward. After the internal soft-start
ramps below the feedback (FB) voltage, nominally 0.6 V, FB begins to ramp downward, as well. This voltage
foldback limits the power consumption in the device during a sustained overload. After the current limit condition
is cleared, the internal soft-start voltage ramps up again. Figure 26 describes current limit behavior including Vs,
Veg, Vour and Vg waveforms.

SHORT CIRCUIT
REMOVED

CURRENT LIMIT ! SHORT CIRCUIT

Figure 26. Current Limit Conditions
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Feature Description (continued)
7.3.7 Short Circuit Protection

In an event that the output is shorted with a low impedance to ground, the LM21215A limits the current into the
short by resetting the device. A short circuit condition is sensed as a current limit condition coinciding with a
voltage on the FB pin that is lower than 100 mV. When this condition occurs, the device begins its reset
sequence, turning off both power MOSFETSs and discharging the soft-start capacitor after tgeserss (nominally 110
us). The device then attempts to restart. If the short circuit condition still exists, it resets again, repeating until the
short circuit condition is cleared. The reset prevents excessive power MOSFET dissipation and limits thermal
stress during a short circuit fault condition.

7.4 Device Functional Modes

7.4.1 Light-Load Operation

The LM21215A maintains high efficiency when operating at light loads. Whenever the load current is reduced to

a level less than half the peak-to-peak inductor ripple current, the device enters discontinuous conduction mode

(DCM) and prevents negative inductor current. The low-side MOSFET then operates in diode emulation mode

(DEM), conducting only positive inductor current. Calculate the critical conduction boundary using Equation 2.
_AL Vour '(1_D)

| -
BOUNDARY 2 2 . LF . FSW (2)

Several diagrams are shown in Figure 27 illustrating continuous conduction mode (CCM), discontinuous
conduction mode (DCM), and the boundary condition.

When the inductor current reaches zero, the SW node becomes high impedance. Resonant ringing occurs at SW
as a result of the LC tank circuit formed by the filter inductor and the parasitic capacitance at the SW node. At
very light loads, usually below 500 mA, several pulses may be skipped in between switching cycles, effectively
reducing the switching frequency and further improving light-load efficiency.

7.4.2 Overvoltage and Undervoltage Handling

The LM21215A has built-in undervoltage protection (UVP) and overvoltage protection (OVP) using FB voltage
comparators to control the power MOSFETSs. The rising OVP threshold is typically set at 112.5% of the nominal
voltage setpoint. Whenever excursions occur in the output voltage above the OVP threshold, the device
terminates the present on-pulse, turns on the low-side MOSFET, and pulls PGOOD low. The low-side MOSFET
remains on until either the FB voltage falls back into regulation or the inductor current zero-cross is detected. If
the output reaches the falling UVP threshold, typically 90% of the nominal setpoint, the device continues
switching and PGOOD is asserted and pulls low. As detailed in the PGOOD Indicator section, PGOOD has 15 ys
of built-in deglitch time in response to a UVP or OVP condition to avoid false tripping during transient glitches.

7.4.3 Thermal Shutdown

Internal thermal shutdown circuitry is provided to protect the integrated circuit in the event that the maximum
junction temperature is exceeded. When activated, typically at 165°C, the LM21215A tri-states the power
MOSFETSs and resets soft start. After the junction temperature cools to approximately 155°C, the device starts up
using the normal startup routine.
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Device Functional Modes (continued)
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Figure 27. LM21215A Modes of Operation
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8 Application and Implementation

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

8.1 Application Information

The LM21215A is a synchronous buck DC/DC converter with a maximum output current of 15 A. The following
design procedure assists with component selection for the LM21215A. Alternately, the WEBENCH® Design Tool
is available to generate a complete design. With access to a comprehensive component database, this tool uses
an iterative design procedure to create an optimized design, allowing the user to experiment with various design
options. As well as numerous LM21215 reference designs populated in the Tl Designs reference design library,
the LM21215A Quickstart Design Calculator is also available as a free download.

8.2 Typical Application

8.2.1 Typical Application 1

The schematic diagram of a 15-A regulator is given in Figure 28. The target full-load efficiency in this example is
89% at an output voltage of 1.2 V and nominal input voltage of 5 V. The free-running switching frequency (with
the SYNC pin open circuit) is 500 kHz. In terms of control loop performance, the target loop crossover frequency
is 100 kHz with a phase margin in excess of 50°.

Vin L Vour
567f ow 12226 nm I I I o
IIIRFSW - T11
— — — 4 AVIN RFBl R — — —
Cint Cinz Cin © Co1 Co2 C
CFI LM21215A-1 |, or oE s
L FB
18 Cor Rey
2
SSITRK COMP Rrs2
CSSI—L_ t 1
c =
1 % Rpcoop
OPEN O—— syNC pcoob 17 PGOOD
PGND AGND

8,9,1% J_zo

Figure 28. Typical Application Schematic 1

8.2.1.1 Design Requirements

An example of the step-by-step procedure to generate power stage and compensation component values using
the typical application setup of Figure 28) is given in Table 1. The relevant design specifications are given in
Table 1. Here, fiossover 1S the desired loop crossover frequency, which generally is less than one-fifth of the
switching frequency, and AVoyrpk-pi) i the peak-to-peak output voltage ripple.
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Table 1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Vi 5V
Vour 12V
lour 15A
Fow 500 kHz
ferossover 100 kHz
AV ouT(pkepid 10 mv

8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Output Voltage Setpoint

The first step in designing an LM21215A application is to configure the output voltage setpoint by using a voltage
divider between Vgoyt and AGND, with the middle node connected to FB. When operating under steady state
conditions, the LM21215A regulates Vot such that the FB voltage is driven to 0.6 V.

Vour
LM21215A-1
Rre1
EB 0.6V
Rrs2

Figure 29. Setting the Output Voltage by Feedback Resistor Divider

A good starting point for the lower feedback resistor, Rgg,, is 10 kQ. Calculate Rgg; using Equation 3.

V,,, =0.6V- (1+ h]

FB2

(3)
8.2.1.2.2 Precision Enable

The Enable (EN) pin of the LM21215A allows the output to be toggled on and off. This pin is a precision analog
input. When the voltage exceeds 1.35 V, the converter begins to regulate the output voltage as long as AVIN has
exceeded the UVLO threshold voltage of 2.7 V. There is an internal pullup current source of 2 pA connected to
EN. If enable is not used, the device turns on automatically. Also, if EN is not toggled directly, the device can be
set to turn on at a certain input voltage higher than the internal UVLO rising threshold. This is achieved with an
external resistor divider from AVIN to EN and EN to AGND as shown in Figure 30.

Input Power o
Supply |
AVIN

Rent LM21215A-1

EN

Renz

Figure 30. Input Voltage Turn-on Setpoint Configured by Enable Resistor Divider

The resistances of Rgy; and Rgyo are chosen to allow EN to reach its rising threshold voltage at the desired the
input supply voltage. With the enable current source included, use Equation 4 to solve for Rgyj.
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R _gp_ . Vy-135V
EN1 EN2 135V -l -R
: EN "TVEN2
where
¢ Rgn; is the resistor from Vi to EN
¢ Rgn: is the resistor from EN to AGND
e gy is the internal enable pullup current (2 pA)
e 1.35 Vs the precision enable rising threshold voltage 4)

Typical values for Rgy, range from 10 kQ to 100 kQ.

8.2.1.2.3 Filter Inductor Selection

The filter inductor, designated Lg, chosen for the application influences the ripple current and the efficiency of the
converter. The first selection criteria is to define the buck converter inductor ripple current Al typically selected
between 20% to 40% of the maximum output current. Figure 31 shows the ripple current in a conventional buck
converter operating in continuous conduction mode. Larger ripple current results in a lower inductance, which
leads to lower inductor DC resistance (DCR) and improved efficiency. However, larger ripple current causes the
LM21215A to operate in DCM at a higher average output current.

Vsw A

VIN

Time

IL A

IL AVG = louT /\ /\ Al
VN

P Time

Figure 31. Switch (SW) Voltage and Inductor Current Waveforms

Once the ripple current has been determined, calculate the appropriate inductance using Equation 5.
VOUT '(1_ D)

Al -Fy, (5)

L, =

A 0.56-pH inductor with 1.8-mQ DCR meets the application requirements here. The peak inductor current at full
load corresponds to the maximum output current plus the ripple current, as shown by Equation 6.

Al

L(max)
OUT (max) + 2

L(max) (6)
Choose an inductor with a saturation current rating at maximum operating temperature that is higher than the
overcurrent protection limit. In general, lower inductance is desirable in switching converters because it equates
to faster transient response, lower inductor DCR, and reduced size for more compact designs. However, too low
of an inductance implies large inductor ripple current such that the overcurrent protection circuit is falsely
triggered at the full load. Larger inductor ripple current also implies higher output voltage ripple.
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8.2.1.2.4 Output Capacitor Selection

The output capacitor, designated Cqyr, filters the inductor ripple current and provides a source of charge for
transient load conditions. A wide range of output capacitors may be used with the LM21215A that provide various
advantages. The best performance is typically obtained using ceramic, SP or OSCON type chemistries. Typical
trade-offs are that the ceramic capacitor provides extremely low ESR to reduce the output ripple voltage and
noise spikes, while the SP and OSCON capacitors provide a large bulk capacitance in a small volume for
transient loading conditions.

When selecting an output capacitor, the two performance characteristics to consider are the output voltage ripple
and load transient response. Approximate the output voltage ripple by using Equation 7.

2
1
AVour = Al [Regr” + [WJ
sw " “out

e AVgyr is the peak-to-peak output voltage ripple

* Regsr is the effective series resistance (ESR) of the output capacitor

* Fgw is the switching frequency

*  Cgyur is the effective output capacitance @)

The amount of output voltage ripple is application specific. A general recommendation is to keep the output ripple
less than 1% of the rated output voltage. Keep in mind that ceramic capacitors are sometimes preferred because
they have very low ESR. However, depending on package and voltage rating of the capacitor, the effective in-
circuit capacitance can drop significantly with applied voltage. The output capacitor selection also affects the
output voltage droop during a load transient. The peak deviation of the output voltage during a load transient is
dependent on many factors. An approximation of the transient dip ignoring loop bandwidth is obtained using
Equation 8:

2
V — Al ‘R + LF'AIOUT—STEP
DROOP — “ouT-STEP ' “ESR C (V. —V
ouT ( IN OUT)
where

e Cgyur is the minimum required output capacitance

e L is the filter inductance

*  Vproop IS the output voltage deviation ignoring loop bandwidth considerations

e Algyr.s7ep is the load step change

* Regsgr is the output capacitor ESR

eV is the input voltage

e Vgyur is the output voltage setpoint (8)

Three 100-pF, 6.3-V ceramic capacitors with X5R dielectric and 1210 footprint are selected here based on a
review of the capacitor's tolerance and voltage coefficient to meet output ripple specification.

8.2.1.2.5 Input Capacitor Selection

High quality input capacitors are necessary to limit the input voltage ripple while supplying switching-frequency
AC current to the buck power stage. It is generally recommended to use X5R or X7R dielectric ceramic
capacitors, thus providing low impedance and high RMS current rating over a wide temperature range. To
minimize the parasitic inductance in the switching loop, position the input capacitors as close as possible to the
PVIN and PGND pins. A good approximation for the required ripple current rating is given by Equation 9.

) \/VOUT (\/IN _VOUT)
ouT A o

RMS-CIN
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The highest input capacitor RMS current occurs at 50% duty cycle, at which point the RMS ripple current rating
should be greater than half the output current. Place low ESR ceramic capacitors in parallel with higher value
bulk capacitance to provide optimized input filtering for the regulator and damping to mitigate the effects of input
parasitic inductance resonating with high-Q ceramics. One bulk capacitor of sufficiently high current rating and
one or two 22-uyF 10-V X7R ceramic decoupling capacitors are usually sufficient. Select the input bulk capacitor
based on its ripple current rating and operating temperature.

When operating at low input voltages (3.3 V or lower), additional capacitance may be necessary to avoid
triggering an undervoltage condition during an output current transient. This depends on the impedance between
the input voltage supply and the LM21215A, as well as the magnitude and slew rate of the load transient.

The AVIN pin requires a 1-puF ceramic capacitor to AGND and a 1-Q resistor to PVIN. This RC network filters
inherent noise on PVIN from the sensitive analog circuitry connected to AVIN.
8.2.1.2.6 Control Loop Compensation

This section walks through the various steps in obtaining the open-loop transfer function. There are three main
blocks of a voltage-mode buck converter that the power supply designer must consider when designing the
control system: the power stage, the PWM modulator, and the compensated error amplifier. The control loop
architecture of a voltage-mode buck converter is provided in Figure 32.

Power Stage

PWM Modulator

Driver

PWM
+

Figure 32. Voltage-mode Buck Converter Architecture

The power stage consists of the filter inductor (Lg) with DCR (DC resistance Rpcr), output capacitor (Coyt) With
ESR (effective series resistance Rggg), and load resistance (Rp). The LM21215A incorporates a high-bandwidth
error amplifier between the FB and COMP pins to achieve high loop bandwidth. The error amplifier (EA)
constantly regulates FB to 0.6 V. The compensation component network around the error amplifier establish
system stability. The modulator creates the duty cycle command by comparing the error amplifier output with an
internally-generated PWM ramp set at the switching frequency.
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There are three transfer functions that are taken into consideration when obtaining the total open-loop transfer
function; COMP-to-duty cycle (modulator), duty cycle-to-Voyr (power stage), and Vgoyr-to-COMP (compensator).
If AVramp is the peak-to-peak ramp voltage (nominally 0.8 V), the COMP-to-duty cycle transfer function is simply
the PWM modulator gain given by Equation 10.

1
G - =
m AVRAMP (20)

The duty cycle-to-output transfer function includes the filter inductor, output capacitor, and output load resistance.
The inductor and capacitor create a pair of complex poles at the LC tank frequency expressed by Equation 11.

1 1

f .
€ 2.n L c . Ry +Resr
F ouT RO+RDCR

(11)

In addition to two complex poles, a left half plane zero is created by the output capacitor ESR located at a
frequency described by Equation 12.

1
=R 2.m Cour ‘Resr (12)

A Bode plot showing the —40dB/decade power stage response is shown in Figure 33
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Figure 33. Power Stage Bode Plot

The complex poles created by the filter inductor and output capacitor cause a 180° phase lag. The phase is
boosted back up to —90° by the output capacitor ESR zero. The compensator must provide sufficient phase
boost to stabilize the loop response. The type-lll compensation network shown around the error amplifier in
Figure 32 creates two poles, two zeros and a pole at the origin. Placing these poles and zeros at the correct
frequencies stabilizes the closed loop response. The compensator transfer function is given by Equation 13.

[1+2-n-f21 J1e 3
S 2-n-f,,
mid
(1+ S }~(1+ S j
2-m-f, 2-n-f,

Ge(s)=K

where
¢ Kyiq is the mid-band gain, R¢y/Reg: (13)
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The pole located at the origin gives high open-loop gain at DC, translating into improved load regulation
accuracy. This pole occurs at a very low frequency due to the finite gain of the error amplifier; however, its
location is approximated at DC for the purposes of compensation. The other two poles and two zeros are located
accordingly to stabilize the voltage-mode loop depending on the power stage complex poles and their quality
factor, Q. Figure 34 illustrates a typical type-1ll compensator transfer function.
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Figure 34. Type-lll Compensation Network Bode Plot

As seen in Figure 34, the two compensator zeros located at (f_c/2, f_c) provide a phase boost. This mitigates the
effect of the phase loss from the output filter. The compensation network also adds two poles to the system. One
pole is located at the output capacitor ESR zero (fzsg) and the other pole is at half the switching frequency
(Fsw/2) to roll off the high frequency response.

The dependency of the pole and zero locations on the compensation components is described as follows:

fic 1
fp="=r—""7——

2 2-n-R.-Cg
f,=f_.= 1
2o 2'“'(R01+RF31)'CC3
¢ B 1
p1 = lESR 2.7-Rg, Ce,

_Fw _ Ce +Ce,

P27 2 2.m-R-Cg-Co,

The output capacitance, Cqyt, depends on capacitor chemistry and bias voltage. For multi-layer ceramic
capacitors (MLCC), the total capacitance degrades as the DC bias voltage is increased. To accurately calculate
and optimize the compensation network, it is advisable to determine the effective capacitance of the output
capacitors when biased at the output voltage.

The example given here is the total output capacitance using three MLCC output capacitors biased at 1.2 V, as
seen in the typical application schematic of Figure 28. 50% capacitance derating is assumed.

NOTE
It is more conservative, from a stability standpoint, to err on the side of a lower output
capacitance in the compensation calculations rather than a higher, as this will result in a
lower bandwidth but increased phase margin.
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First, choose a resistance for Rpg;, a typical value being 10 kQ. From this, calculate the resistance of R¢; using
Equation 14 to set the mid-band gain such that the desired crossover frequency is achieved.

RCl — fcrossover . AVF&AMP . RFBl — 100kHZ . 08V 10 kQ — 92kQ
f. AV, 17.4kHz 5V (19)
Next, calculate the capacitance of Cc; by placing a zero at half of the LC double pole frequency (f c):
1
Cy=—1——=1.99nF
T-fc Ry (19)

Now calculate Cc, to place a pole at half of the switching frequency and R, to place the second zero at the LC
double pole frequency:

C
Cer = c1 =71pF
m-Fgw Re - Ce -1 (16)
R, -f
Re, = —C£2 _ESR —166Q
fESR - ch 17
Last, derive capacitance of C.; to place a pole at the same frequency as the output capacitor ESR zero:
1
Ce = =898 pF
2-1-fesr ‘Rep (18)

An illustration of the total loop response is seen in Figure 35.

200 T=EET 160

m PHASH 140

150 ; A\ 120
/| \ >
= \ 100 S
o G
g 100 \ 80 2

pd m

2 S~ 60 s
(D 50 1 ~~.. 40 (_LI</(')J
™AL 20 I
0 ™ \ 0 *

N 20

-50 -40

10 100 1k 10k 100k 1M
FREQUENCY (Hz)

Figure 35. Loop Response

It is important to verify the stability either by observing the load transient response or by using a network
analyzer. A phase margin between 45° and 70° is usually desired for voltage-mode converter circuits. Excessive
phase margin causes slow system response to load transients whereas low phase margin leads to an oscillatory
load transient response. If the peak deviation of the load transient response is larger than required, increasing
ferossover @Nd recalculating the compensation components may help but usually at the expense of phase margin.
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Table 2. Bill of Materials (VlN =3.3Vto55 V, VOUT =1.2 V, IOUT =15 A, FSW =500 kHZ)

REF DES DESCRIPTION VENDOR PART NUMBER QUANTITY

Ck CAP, CERM, 1 pF, 10 V, £10%, X7R, 0603 MuRata GRM188R71A105KA61D 1

Cint Civz: CiNs: | cAP, CERM, 100 iF, 6.3 V, +20%, X5R, 1206 MuRata GRM31CR60J107ME39L 6
Co1, Coz: Cos

Cc1 CAP, CERM, 1800 pF, 50 V, +5%, COG/NP0, 0603 TDK C1608C0G1H182J 1

Cco CAP, CERM, 68 pF, 50 V, +5%, COG/NPO, 0603 TDK C1608C0G1H680J 1

Ccs CAP, CERM, 820 pF, 50 V, +5%, COG/NPO, 0603 TDK C1608C0G1H821J 1

Css CAP, CERM, 0.033 pF, 16 V, £10%, X7R, 0603 MuRata GRM188R71C333KA01D 1

Le Inductor, Powdered Iron, 560 nH, 27.5A, 1.8 mQ, SMD Vishay Dale IHLP4040DZERR56M01 1

Rr RES, 1 Q, 5%, 0.1 W, 0603 Vishay Dale CRCWO06031R00JNEA 1

Rc1 RES, 9.31 kQ, 1%, 0.1 W, 0603 Vishay Dale CRCWO06039K31FKEA 1

Rc2 RES, 165 Q, 1%, 0.1 W, 0603 Vishay Dale CRCWO0603165RFKEA 1

Rrg1, Rre2, Rpcoop | RES, 10 kQ, 1%, 0.1 W, 0603 Vishay Dale CRCWO060310KOFKEA 3

U, LM21215A Synchronous Buck Regulator TI LM21215AMH-1/NOPB 1

8.2.1.3 Application Curves

For additional details on the wavefroms shown in this section, please refer to application note AN-2131
LM21215A Evaluation Board, SNVA477.
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Figure 36. Efficiency vs Load Current, Voyr = 1.2 V Figure 37. Output Ripple Voltage Waveform (1 ps/Div)
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Figure 38. SW and SYNC Voltage Waveforms (1 ps/Div) Figure 39. Bode Plot
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8.2.2 Typical Application 2

The schematic diagram of a DC/DC regulator with 8-A output current is given by Figure 40.
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Figure 40. Typical Application Schematic 2

8.2.2.1 Design Requirements

Output voltage setpoint is 0.9 V and the input voltage ranges from 4 V to 5.5 V. The switching frequency is set by
means of an external synchronization signal at 1 MHz. The output voltage soft-start time is 10 ms.

8.2.2.2 Detailed Design Procedure

Follow the detailed design procedure in Typical Application 1. The relevant power stage and small-signal
components are listed in Table 3.

Table 3. Bill of Materials (Viy=4Vto 55V, Vour=0.9V, loyr =8 A, Fsw = 1 MHz)

REF DES DESCRIPTION VENDOR PART NUMBER QUANTITY
Ce CAP, CERM, 1 pF, 10 V, +10%, X7R, 0603 MuRata GRM188R71A105KA61D 1
Cint: Co1, Co2 CAP, CERM, 100 pF, 6.3 V, +20%, X5R, 1206 MuRata GRM31CR60J107ME39L 3
Cc1 CAP, CERM, 1800 pF, 50 V, 5%, COG/NPO, 0603 MuRata GRM1885C1H182JA01D 1
Cco CAP, CERM, 68 pF, 50 V, +5%, COG/NPO, 0603 TDK C1608C0G1H680J 1
Ccs CAP, CERM, 470 pF, 50 V, +5%, COG/NPO, 0603 TDK C1608C0G1H471J 1
Css CAP, CERM, 0.033 pF, 16 V, £10%, X7R, 0603 MuRata GRM188R71C333KA01D 1
Le Inductor, Shielded Core, 240 nH, 20 A, 1 mQ, SMD Wirth 744314024 1
Re RES, 1 Q, 5%, 0.1 W, 0603 Vishay Dale CRCWO06031R00JNEA 1
Rc1 RES, 4.87 kQ, 1%, 0.1 W, 0603 Vishay Dale CRCWO06034K87FKEA 1
Rco RES, 210 Q, 1%, 0.1 W, 0603 Vishay Dale CRCWO0603210RFKEA 1
Rent, Ree1y Rpcoop | RES, 10 kQ, 1%, 0.1 W, 0603 Vishay Dale CRCWO060310KOFKEA 3
Reng RES, 19.6 kQ, 1%, 0.1 W, 0603 Vishay Dale CRCWO060319K6FKEA 1
Reg2 RES, 20 kQ, 1%, 0.1 W, 0603 Vishay Dale CRCWO060320K0OFKEA 1
U, LM21215A Synchronous Buck Regulator TI LM21215AMH-1/NOPB 1
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9 Power Supply Recommendations

The LM21215A converter is designed to operate from an input voltage supply range between 2.95 V and 5.5 V.
The characteristics of the input supply must be compatible with the Absolute Maximum Ratings and
Recommended Operating Conditions tables. In addition, the input supply must be capable of delivering the
required input current to the fully-loaded regulator. Estimate the average input current with Equation 19, where n
is the efficiency:

Iy = Vour “lout
ViN'M (19)

If the converter is connected to an input supply through long wires or PCB traces with large impedance, special
care is required to achieve stable performance. The parasitic inductance and resistance of the input cables may
have an adverse affect on converter operation. The parasitic inductance in combination with the low ESR
ceramic input capacitors form an under-damped resonant circuit. This circuit can cause overvoltage transients at
PVIN each time the input supply is cycled on and off. The parasitic resistance causes the PVIN voltage to dip
during a load transient. If the regulator is operating close to the minimum input voltage, this dip can cause false
UVLO fault triggering and a system reset. The best way to solve such issues is to reduce the distance from the
input supply to the regulator and use an aluminum or tantalum input capacitor in parallel with the ceramics. The
moderate ESR of the electrolytic capacitors helps to damp the input resonant circuit and reduce any voltage
overshoots. A capacitance in the range of 20 uF to 100 uF is usually sufficient to provide input damping and
helps to hold the input voltage steady during large load transients.

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

10.1 Layout Guidelines

PC board layout is an important and critical part of any DC-DC converter design. The performance of any
switching converter depends as much upon the layout of the PCB as the component selection. Poor layout
disrupts the performance of a switching converter and surrounding circuitry by contributing to EMI, ground
bounce, conduction loss in the traces, and thermal problems. Erroneous signals can reach the DC-DC converter,
possibly resulting in poor regulation or instability. There are several paths that conduct high slew-rate currents or
voltages that can interact with stray inductance or parasitic capacitance to generate noise and EMI or degrade
the power-supply performance.

The following guidelines serve to help users to design a PCB with the best power conversion performance,
thermal performance, and minimized generation of unwanted EMI.

1. Locate the input capacitors as close as possible to the PVIN and PGND pins, and place the inductor as close
as possible to the SW pins and output capacitors. As described further in the Compact PCB Layout for EMI
Reduction section, this placement is to minimize the area of switching current loops and reduce the resistive
loss of the high current path. Ideally, use a ground plane on the top layer that connects the PGND pins, the
exposed pad of the device, and the return terminals of the input and output capacitors in a small area near
pins 10 and 11 of the device. For more details, refer to the board layout detailed in application note AN-2131
LM21215A Evaluation Board, SNVA477.

2. Minimize the copper area of the switch node. Route the six SW pins on a single top-layer plane to the
inductor terminal using a wide trace to minimize conduction loss. The inductor can be placed on the bottom
side of the PCB relative to the LM21215A, but take care to avoid any coupling of the inductor's magnetic field
to sensitive feedback or compensation traces.

3. Use a solid ground plane on layer two of the PCB, particularly underneath the LM21215A and power stage
components. This plane functions as a noise shield and also as a heat dissipation path.

4. Make input and output power bus connections as wide and short as possible to reduce voltage drops on the
input and output of the converter and to improve efficiency. Use copper planes on top to connect the multiple
PVIN pins and PGND pins together.

5. Provide enough PCB area for proper heat-sinking. As stated in the Thermal Design section, use enough
copper area to ensure a low Rg;s commensurate with the maximum load current and ambient temperature.
Make the top and bottom PCB layers with two ounce copper thickness and no less than one ounce. Use an
array of heat-sinking vias to connect the exposed pad to the ground plane on the bottom PCB layer. If the
PCB has multiple copper layers as recommended, connect these thermal vias to the inner layer heat-
spreading ground planes.

6. Route the sense trace from the VOUT point of regulation to the feedback resistors away from the SW pins
and inductor to avoid contaminating this feedback signal with switching noise. This routing is most important
when high resistances are used to set the output voltage. Routing the feedback trace on a different layer
than the inductor and SW node trace is recommended such that a ground plane exists between the sense
trace and inductor or SW node polygon to provide further cancellation of EMI on the feedback trace.

7. If voltage accuracy at the load is important, ensure that the feedback voltage sense is made directly at the
load terminals. Doing so corrects for voltage drops in the PCB planes and traces and provides optimal output
voltage setpoint accuracy and load regulation. Place the feedback resistor divider closer to the FB node,
rather than close to the load, because the FB node is the input to the error amplifier and is thus noise
sensitive. COMP is a also noise-sensitive node and the compensation components must be located as close
as possible to the device.

8. Place the AVIN bypass capacitor and the soft-start capacitor close to their respective pins.
9. See Related Documentation for additional important guidelines.
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Layout Guidelines (continued)
10.1.1 Compact PCB Layout for EMI Reduction

Radiated EMI generated by high di/dt components relates to pulsing currents in switching converters. The larger
area covered by the path of a pulsing current, the more electromagnetic emission is generated. The key to
reducing radiated EMI is to identify the pulsing current path and minimize the area of that path. The main
switching loop of the LM21215A power stage is denoted by #1 in Figure 41. The topological architecture of a
buck converter means that particularly high di/dt current flows in loop #1, and it becomes mandatory to reduce
the parasitic inductance of this loop by minimizing its effective loop area. For loop #2 however, the di/dt through
inductor Lg and capacitor Cqyt is naturally limited by the inductor. Keeping the area of loop #2 small is not nearly
as important as that of loop #1. Also important are the gate drive loops of the low-side and high-side MOSFETS,
which are inherently tight by virtue of the integrated power MOSFETs and gate drivers of the LM21215A

VIN

| #1

PVIN
LM21215A-1 /\\ ——Cn
J High
|_

High-side di/dt
PMOS
gate driver Q.

loop
Q2

|_
Low-side g
NMOS H \ /

gate driver
PGND

#2

Lr
SW m Vour

- COUT

I 1 GND

Figure 41. LM21215A Power Stage Circuit Switching Loops

High-frequency ceramic bypass capacitors at the input side provide the primary path for the high di/dt
components of the pulsing current. Placing ceramic bypass capacitors as close as possible to the PVIN and
PGND pins is the key to EMI reduction. Keep the SW trace connecting to the inductor as short as possible, and
just wide enough to carry the load current without excessive heating. Use short, thick traces or copper pours
(shapes) for current conduction path to minimize parasitic resistance. Place the output capacitors close to the
VOUT side of the inductor and route the return using GND plane copper back to the PGND pins and the exposed
pad of the LM21215A.

10.1.2 Thermal Design

As with any power conversion device, the LM21215A dissipates internal power while operating. The effect of this
power dissipation is to raise the internal junction temperature of the LM21215A above ambient. The junction
temperature (T;) is a function of the ambient temperature (T,), the power dissipation and the effective thermal
resistance of the device and PCB combination (Rgj;s).- The maximum operating junction temperature for the
LM21215A is 125°C, thus establishing a limit on the maximum device power dissipation and therefore the load
current at high ambient temperatures. Equation 20 shows the relationships between these parameters.

(TJ—TA), n 1
Rosa  (1-m) Vour (20)
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Layout Guidelines (continued)

High ambient temperatures and large values of Rqgj, reduce the maximum available output current. If the junction
temperature exceeds 165°C, the LM21215A cycles in and out of thermal shutdown. Thermal shutdown may be a
sign of inadequate heat-sinking or excessive power dissipation. Improve PCB heat-sinking by using more thermal
vias, a larger board, or more heat-spreading layers within that board.

As stated in application note Semiconductor and IC Package Thermal Metrics, SPRA953, the values given in the
Thermal Information table are not always valid for design purposes to estimate the thermal performance of the
application. The values reported in the Thermal Information table are measured under a specific set of conditions
that are seldom obtained in an actual application. The effective Rg;4 is a critical parameter and depends on many
factors (such as power dissipation, air temperature, PCB area, copper heat-sink area, nhumber of thermal vias
under the package, air flow, and adjacent component placement). The LM21215A uses an advanced flip-chip-on-
lead (FCOL) package and its exposed pad has a direct electrical and thermal connection to PGND. This pad
must be soldered directly to the PCB copper ground plane to provide an effective heat-sink and proper electrical
connection. Use the documents listed in Related Documentation as a guide for optimized thermal PCB design
and estimating Rg;, for a given application environment.

10.1.3 Ground Plane Design

As mentioned previously, using one of the middle layers as a solid ground plane is recommended. A ground
plane offers shielding for sensitive circuits and traces and also provides a quiet reference potential for the control
circuitry. Connect the AGND and PGND pins to the ground plane using an array of vias under the exposed pad.
The PGND pins are connected to the source of the integrated low-side power MOSFET. Connect these pins
directly to the return terminals of the input and output capacitors. The PGND net contains noise at the switching
frequency and can bounce because of load current variations. The PGND trace, as well as PVIN and SW traces,
must be constrained to one side of the ground plane. The other side of the ground plane contains much less
noise and is ideal for sensitive routes.

10.2 Layout Example
LM21215A-1 EVALUATION MODULE

O O

SYNC

VIN SENSE+

cs

UVIN SENSE- OCG c7
uouT SENSE-O Cp OUOUT SENSE+

Figure 42. Layout Example Showing Top Layer Copper and Silkscreen
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

11.1.2 Development Support

For the LM21215A Quickstart Design Tool, go to http://www.ti.com/product/LM21215A/toolssoftware#devtools.
For the PowerLab™, go to http://www.ti.com/powerlab.

For the WEBENCH® Design Center, go tohttp://www.ti.com/Isds/ti/analog/webench/overview.page.

11.2 Documentation Support

11.2.1 Related Documentation

* AN-2131 LM21215A Evaluation Board, SNVA477

* AN-2130 LM21215 Evaluation Board, SNVA476

* AN-2107 LM21212-1 Evaluation Board, SNVA467

e AN-2140 LM21212-2 Evaluation Board, SNVA480

* AN-2162: Simple Success with Conducted EMI from DC-DC Converters, SNVA489

e 6/4-Bit VID Programmable Current DAC for Point of Load Regulators with Adjustable Start-Up Current,
SNVS822

* AN-1149 Layout Guidelines for Switching Power Supplies, SNVA021

* AN-1229 Simple Switcher PCB Layout Guidelines, SNVA054

» Constructing Your Power Supply — Layout Considerations, SLUP230

» Low Radiated EMI Layout Made SIMPLE with LM4360x and LM4600x, SNVA721
* AN-2020 Thermal Design By Insight, Not Hindsight, SNVA419

* AN-1520 A Guide to Board Layout for Best Thermal Resistance for Exposed Pad Packages, SNVA183
» SPRA953B Semiconductor and IC Package Thermal Metrics, SPRA953

*  SNVAT719 Thermal Design made Simple with LM43603 and LM43602, SNVA719
*  SLMAO002 PowerPAD™ Thermally Enhanced Package, SLMA002

 SLMAO004 PowerPAD Made Easy, SLMA004

» SBVAO025 Using New Thermal Metrics, SBVA025

11.3 Community Resources

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

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

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

11.4 Trademarks

PowerPAD, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.
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11.5 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.

11.6 Glossary

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

12 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)

LM21215AMH-1/NOPB ACTIVE HTSSOP PWP 20 73 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 LM21215
& no ShiBr) AMH-1 P

LM21215AMHE-1/NOPB ACTIVE HTSSOP PWP 20 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM LM21215
& no SbiBr) AMH-1 P

LM21215AMHX-1/NOPB ACTIVE HTSSOP PWP 20 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 125 LM21215
& no SbiBr) AMH-1 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 aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

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

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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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.

Addendum-Page 2



i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 3-Nov-2015
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM21215AMHE-1/NOPB |HTSSOP| PWP 20 250 178.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
LM21215AMHX-1/NOPB |HTSSOP| PWP 20 2500 330.0 16.4 6.95 7.1 1.6 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM21215AMHE-1/NOPB HTSSOP PWP 20 250 210.0 185.0 35.0
LM21215AMHX-1/NOPB HTSSOP PWP 20 2500 367.0 367.0 35.0
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NOTES: A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y 14.5M-1994.

B. This drawing is subject to change without notice.
C. Reference JEDEC Registration MO-153, Variation ACT.
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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.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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