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TPS56121 4.5-V to 14-V Input High-Current Synchronous Buck SWIFT™ Converter

1 Features

e 4.5-Vto 14-V Input Voltage Range
» Incorporates Power Block Technology
e Up to 15-A Output Current

e Fixed-Frequency Options of 300 kHz, 500 kHz,
and 1 MHz

+ High-Side and Low-Side MOSFET Rpg(on) Sensing
* Programmable Soft-Start

* 600-mV Reference Voltage With 1% Accuracy

» Voltage Mode Control with Feed-Forward

e Supports Prebiased Output

* Thermal Shutdown

e 22-Pin 5-mm x 6-mm PQFN PowerPAD™
Package

 For SWIFT™ Power Products Documentation,
see http://www.ti.com/swift

2 Applications

» Point-of-Load (POL) Power Modules

» High-Density DC-DC Converters for Telecom and
Networking Applications

3 Description

The TPS56121 device is a high-efficiency and high-
current synchronous buck converter designed to
operate from a supply of 4.5 V to 14 V. The device
can produce an output voltage as low as 0.6 V at
loads up to 15 A. Integrated NexFET™ Power
MOSFETSs provide a small footprint and ease of use.

The device implements a voltage-mode control with
voltage feed-forward compensation that responds
instantly to input voltage change.

The TPS56121 is available in a thermally enhanced
22-pin PQFN (DQP) PowerPAD package.

The device offers design flexibility with a variety of
user programmable functions, including soft-start,
overcurrent protection (OCP) levels, and loop
compensation. OCP levels are programmed by a
single external resistor connected from the ILIM pin to
the circuit ground. During the initial power-on
sequence, the device enters a calibration cycle,
measures the voltage at the ILIM pin, and sets an
internal OCP voltage level. During operation, the
programmed OCP voltage level is compared to the
voltage drop across the low-side FET when it is on to
determine whether there is an overcurrent condition
and then enters a shutdown/restart cycle until the
fault is removed.

Device Information®
PACKAGE BODY SIZE (NOM)
LSON-CLIP (22) 6.00 mm x 5.00 mm

PART NUMBER
TPS56121

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

Simplified Application

v TPS56121
ouT
FB VIN OV,
COMP  BOOT |—
PGD SwW m—o Vour
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VDD BP —
GND g

UDG-11047

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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"TPS56121 4.5-V to 14-V Input High-Current Synchronous Buck SWIFT™ Converter"

¢ Added Features: "For SWIFT™ Power Products DOCUMENTALION,..." .. ...euuiiiieieeee et e e e e eeer e e e e e e e e aeeeeeaens

Changes from Revision B (March 2013) to Revision C Page

« Added Pin Configuration and Functions section, ESD Ratings table, Feature Description section, Device Functional
Modes, Application and Implementation section, Power Supply Recommendations section, Layout section, Device

and Documentation Support section, and Mechanical, Packaging, and Orderable Information section .............ccccceeviiieene 1
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LI Yo (o [=To ISV (od 1T To I N\ To o (= (S VAT BT =Tod 1o ] PR PRTSPTIP 13
e Added clarity to Thermal SHULAOWN SECLIOMN .......cc.uiiiiiiiii ettt e st e sn e be e e str e nnneas 13
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5 Pin Configuration and Functions

DQP PACKAGE

PQFN-22
(TOP VIEW)
L P —— ! L_I
COMP[TI | 122] PGD
| _ [
FB [Z] | | ] ENISS
GND [5} 1| ! 0] vDD
|
BOOT [4] ! | @] BP
GND [[5] ! = FY
I
wler | GND I 7] VIN
SWESS 1 (Thermal Pad) 1 -
SW 7] ! | 18] VIN
swsl ! s MY
swlar ! i | VIN
S K | G| VIN
|
sw [l ! i ] vIN
I I
Note: The thermal pad is also an electrical ground connection.
Pin Functions
PIN
/0 DESCRIPTION
NAME NO.
Gate drive voltage for the high-side FET. A 100-nF capacitor (typical) must be connected between this pin
BOOT 4 O | and the SW pin. To reduce a voltage spike at SW, a BOOT resistor with a value between 5 Q to 15 Q may
be placed in series with the BOOT capacitor to slow down turn-on of the high-side FET.
Output bypass for the internal regulator. Connect a low-ESR bypass ceramic capacitor of 1 uF or greater
BP 19 O A
from this pin to GND.
Output of the error amplifier and connection node for loop feedback components. Optionally, a 40.2 kQ
COMP 1 O | resistor from this pin to GND sets switching frequency to 300KHz instead of the default value of 500 kHz;
while a 13.3-kQ resistor from this pin to GND sets switching frequency to 1 MHz.
Logic-level input starts or stops the controller via an external user command. Allowing this pin to float turns
the controller on. Pulling this pin low disables the controller. This is also the soft-start programming pin. A
capacitor connected from this pin to GND programs the soft-start time. The capacitor is charged with an
EN/SS 21 | internal current source of 10 pA. The resulting voltage ramp of this pin is also used as a second non-
inverting input to the error amplifier after a 0.8 V (typical) level shift downwards. Output regulation is
controlled by the internal level shifted voltage ramp until that voltage reaches the internal reference voltage
of 600 mV. The voltage ramp of this pin reaches 1.4 V (typical).
FB > | Inverting input to the error amplifier. In normal operation, the voltage on this pin is equal to the internal
reference voltage.
GND " | Ground reference for the device
Ground reference for the device. This is also the thermal pad used to conduct heat from the device. This
GND Thermal __ | connection serves two purposes. The first is to provide an electrical ground connection for the device. The
Pad second is to provide a low thermal impedance path from the device die to the PCB. This pad should be tied
externally to a ground plane.
ILIM 18 | A resistor connected from this pin to GND sets the overcurrent threshold for the device (the low-side FET).
PGD 22 O | Open drain power good output.

Copyright © 2011-2016, Texas Instruments Incorporated

Submit Documentation Feedback

Product Folder Links: TPS56121

3


http://www.ti.com/product/tps56121?qgpn=tps56121
http://www.ti.com
http://www.ti.com/product/tps56121?qgpn=tps56121
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAH4D&partnum=TPS56121

TPS56121
SLUSAH4D —MARCH 2011-REVISED FEBRUARY 2016

13 TEXAS
INSTRUMENTS

www.ti.com

Pin Functions (continued)

PIN
I/0 DESCRIPTION
NAME NO.
Sw 8 | Switching node of the power conversion stage. Sense line for the adaptive anti-cross conduction circuitry.
9 Acts as the common connection for the flying high-side FET driver.
10
11
VDD 20 | Power input to the controller. A low-ESR bypass ceramic capacitor of 1 pF should be connected from this
pin close to GND.
12
13
14 . -
VIN 15 | Power input to the high-side FET.
16
17

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @

MIN  MAX | UNIT
VDD, VIN -0.3 16.5 \Y
SW -3 25
SW (< 100 ns pulse width, 10 pJ) -5
Voltage
BOOT -0.3 30
BOOT-SW (differential from BOOT to SW) -0.3 7
COMP, PGOOD, FB, BP, EN/SS, ILIM -0.3 7
Junction, T —-40 150 °C
Temperature
Storage, Tsyg -55 150

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only and functional operation of the device at these or any other condition beyond those included under Recommended Operating

Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods of time may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000
Vesp)y Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- \
c101@ +1500

(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  NOM MAX | UNIT
Vpp  VIN Input voltage 4.5 14| V
T; Operating junction temperature -40 125| °C
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6.4 Thermal Information

TPS56121
THERMAL METRIC® DQP UNIT
22 PINS

Rgia Junction-to-ambient thermal resistance 34.6
ReaJc(top) Junction-to-case (top) thermal resistance 22.9
Wit Junction-to-top characterization parameter 0.6 °C/W
Wis Junction-to-board characterization parameter 5.0
Raic(bot) Junction-to-case (bottom) thermal resistance 0.3

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

6.5 Electrical Characteristics

—40°C £ T, £125°C, Vypp = 12 V, all parameters at zero power dissipation (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT

VOLTAGE REFERENCE

T;=25°C,45V<Vypp<14V 597 600 603
Veg FB input voltage _40°C < T, < 125° mV

i ’ 4.5OVCS VVJDD < 15;1 (\:/ 594 600 606

INPUT SUPPLY
Vvbp Input supply voltage range 45 14 \Y
IVDDgp Shutdown supply current Venss = 0.2V 80 120 HA
IVDDq Quiescent, non-switching Let EN/SS float, Veg =1 V 25 5.0 mA
VuviLo UVLO ON Voltage 4.0 4.3 \Y
Vuviorys) UVLO hysteresis 500 700 mVv
ENABLE/SOFT-START
Viy High-level input voltage, EN/SS 0.55 0.70 1.00 \%
Vi Low-level input voltage, EN/SS 0.27 0.30 0.33 \%
Iss Soft-start source current 8 10 12 HA
Vs rsac;;tbstart voltage level — Start of 0.4 08 13 v
BP REGULATOR
Vgp Output voltage Igp = 10 mA 6.2 6.5 6.8 \%
Voo \F/&:s]ulator dropout voltage, Vypp — lep = 25 MA, Vypp = 4.5 V 70 125 mv
OSCILLATOR

Rcomp =40.2kQ, 45V < V\pps14V 270 300 330| kHz
fsw Switching Frequency Rcomp = 0pen, 4.5V s Vypp =14V 450 500 550| kHz

Rcomp =13.3kQ, 45V <Vpp<s14V 0.8 0.95 11| MHz
Veavp® Ramp amplitude Vypp/6.6  Vypp/6 Vypp/5.4 \Y
PWM

e V3503\|/<§)Z,s\izsv o 93%
Dyax @ Maximum duty cycle zs"é 155035;)2’5\53\7 oV, 90%

i vls’\\/l/s;\gﬁ v 85%
tonmin) P Minimum controllable pulse width 100| ns
ERROR AMPLIFIER
GBWP @ Gain bandwidth product 10 24 MHz
Aol W Open loop gain 60 dB

(1) Ensured by design. Not production tested
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Electrical Characteristics (continued)
—40°C £ T, £125°C, Vypp = 12 V, all parameters at zero power dissipation (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
I Ipr:rp]))ut bias current (current out of FB Veg = 0.6 V 75 nA
leaoP Output source current Veg =0V 1.5 mA
lEAOM Output sink current Veg=1V 15 mA
POWER GOOD
Feedback upper voltage limit for
Vov PGOOD 655 675 700
Feedback lower voltage limit for mV
Vuv PGOOD 500 525 550
Vpgp-Hyst PGOOD hysteresis voltage at FB 30 45
Rpcp PGOOD pull down resistance Veg =0V, Irg=5mA 30 70 Q
lpGDLK PGOOD leakage current 550 mv f Vre < 655 mV, 10 20| pA
VpGoop =5V
OUTPUT STAGE
Rh High-side device resistance T;=25°C, (VgooT — Vsw) =5.5V 45 6.5 a
m
Rio Low side device resistance T;=25°C 19 2.7
OVERCURRENT PROTECTION (OCP)
Minimum pulse time during short
tpssc(miny circuit P g 250
ns
t @ Switch leading-edge blanking pulse 150
BLNKH time (high-side detection)
loch OC threshold for high-side FET T;=25°C, (VeooT — Vsw) =55V 27 34 39 A
hium ILIM current source T;=25°C 10.0 HA
VocLpro® II:Irzo_lgrammable OC range for low side T,= 25°C 12 100/ mv
torr OC retry cycles on EN/SS pin 4 Cycle
BOOT DIODE
VpewD Bootstrap diode forward voltage Igootr =5 MA 0.8 Vv
THERMAL SHUTDOWN
Tisp @ Junction shutdown temperature 145 °C
Tison @ Hysteresis 20 °C
6 Submit Documentation Feedback Copyright © 2011-2016, Texas Instruments Incorporated

Product Folder Links: TPS56121


http://www.ti.com/product/tps56121?qgpn=tps56121
http://www.ti.com
http://www.ti.com/product/tps56121?qgpn=tps56121
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSAH4D&partnum=TPS56121

13 TEXAS

INSTRUMENTS
TPS56121
www.ti.com SLUSAH4D —MARCH 2011-REVISED FEBRUARY 2016
6.6 Typical Characteristics
602 306
fsw = 300 kHz
— 601
> 305
£ =~
g 600 3
s > 304
S 599 e
> o)
g =
o 598 g 303
9_.) (TR
5 597 g
@ £ 302
£ 506 s
iy ? 301
% 505 — Vupp =45V
— Vypp=12V
594 300
-40 -25 -10 5 20 35 50 65 80 95 110 125 -40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) Junction Temperature (°C)
Figure 1. Reference Voltage vs. Junction Temperature Figure 2. Switching Frequency vs. Junction Temperature
(300 kHz)
504 975
fsw = 500 kHz fsw =1 MHz
502
= < 950
T 500 p————" I
= =
3 408 g
s S 925
=} =}
g 49 g
L L
E 494 E 900
e e
2 492 =
n n 875 B ——
490 = Vypp =45V —— Vypp=4.5V
— Vypp=12V — Vypp=12V
488 850
-40 -25 -10 5 20 35 50 65 80 95 110 125 -40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) Junction Temperature (°C)
Figure 3. Switching Frequency vs. Junction Temperature Figure 4. Switching Frequency vs. Junction Temperature (1
(500 kHz) MHz)
s 725 3292.5
E E
o o
g 700 82020
s 2
i) i)
2 675 22015
[ [
o 2
£ £
9 650 T 291.0
[0} [0}
T T
=) g
T 625 22905
c c
o [
zZ zZ
W 600 "' 200.0
-40 -25 -10 5 20 35 50 65 80 95 110 125 -40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) Junction Temperature (°C)
Figure 5. EN Pin High-Level Threshold Voltage vs. Junction Figure 6. EN Pin Low-Level Threshold Voltage vs. Junction
Temperature Temperature
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Typical Characteristics (continued)

82 2.44
80 2.43
| z
= 78 = 242
3 3
3 78 3 241
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3 @
2 3
£ 74 8 240
e >
n &
72 2.39
Vypp = 12V Vypp = 12V
70 2.38
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Junction Temperature (°C) Junction Temperature (°C)
Figure 7. Shutdown Current vs. Junction Temperature Figure 8. Quiescent Current vs. Junction Temperature
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Junction Temperature (°C)
Figure 9. Soft-Start Source vs. Junction Temperature

Junction Temperature (°C)
Figure 10. Soft-Start Voltage Level vs. Junction

Temperature

6.0 25
s _. 24
£ 55 ¢
> < 23
Q o
3 G
.g 5.0 g 22

7}
[
¢ &::’ 2.1
c
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(] I .
i) =}
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Junction Temperature (°C)

Figure 11. High-Side On Resistance vs. Junction
Temperature

Junction Temperature (°C)

Figure 12. Low-Side On Resistance vs. Junction
Temperature
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Typical Characteristics (continued)

Figure 15 through Figure 18 are measured on a 2.5-inch x 2.5-inch x 0.062-inch FR4 board with 4 layers and 2
0z. copper, a 0.44-pH output inductor and a DCR of 0.32 mQ.

40 750
< N
S 3 E 700
o [}
ey [=2
g 36 g
£ .i 650
S 34 E
= 2 600
9] =
o 8 550
T 30 )
@ L
< 2 500
D 28| = Vypp=45V = — Vov
= — Vypp=12V a — vy
26 450
-40 -25 -10 5 20 35 50 65 80 95 110 125 -40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) Junction Temperature (°C)
Figure 13. High-Side Overcurrent Threshold vs. Junction Figure 14. Power Good Threshold Voltage vs. Junction
Temperature Temperature
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_ 8
I g &
5 5, 5 7
£ 70 |4 — Vour=08V g 70 — Vour=08YV
w : — Vour=1.0V w 65 — Vour=1.0V
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60 fow =500 kHz | ***** Vour =18V 60 | fsw=500kHz ————1 1| ..... Vour=1.8V
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Vun =12V ou 55 ou
/ Tp=25°C Vour =3.3V Ta=25°C Vour =3.3V
50 50
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Load Current (A) G001 Load Current (A) G001
Figure 15. Efficiency vs. Load Current (Vyy =12 V) Figure 16. Efficiency vs. Load Current (Vy)y =5 V)
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2 10 . 2 10 X
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Figure 17. Output Current vs. Ambient Temperature Figure 18. Output Current vs. Ambient Temperature
(Muin =12V) Mun=5V)
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7 Detailed Description

7.1 Overview

The TPS56121 is a 15-A high performance synchronous buck converter with two integrated N-channel NexFET
power MOSFETs. The device implements a voltage-mode control with voltage feed-forward compensation that
responds instantly to input voltage change. Pre-bias capability eliminates concerns about damaging sensitive
loads.

7.2 Functional Block Diagram

10 LA 0.6 VRer + 12.5%
H SoftStat  |— SS REF °
s BP
EN/SS [] . | . | | |
| SD 0.6 VRer —12.5%
Clock Fault — :| BOOT
Controller

6-V l +—— OC

vop [ |
Regulator || References [-#-0.6 Vrer

BP l » BP SP A :I N
Calibration JuuL
COMP A Clock
| Circuit Oscillator o° Anti-Cross ﬁ
PWM Conduction
Logic [— and B r:l Sw
- AN Pre-Bias BP J
FB I: ] - Circuit
>~_PWM a
+
+
0.6 VRer X | IT 10 A~
sSS 750 kQ Thermal N =
— Shutdown oC —»> ILIM
PGoOD [} Threshold N L]
Setting
E Fault Controller I__ i
TPS56121 = -
= [onD] oc
PAD
|—, UDG-11050
GND

7.3 Feature Description

7.3.1 Voltage Reference

The 600-mV bandgap cell is internally connected to the non-inverting input of the error amplifier. The reference
voltage is trimmed with the error amplifier in a unity gain configuration to remove amplifier offset from the final
regulation voltage. The 1% tolerance on the reference voltage allows the user to design a very accurate power

supply.
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Feature Description (continued)
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Figure 19. Startup Sequence and Timing

7.3.2 Enable Functionality, Startup Sequence and Timing

After input power is applied, an internal 40-pA current source begins to charge the soft-start capacitor connected
from EN/SS to GND. When the voltage across that capacitor increases to 0.7 V, it enables the internal BP
regulator followed by a calibration. Total calibration time is approximately 1.9 ms. See Figure 19. During the
calibration, the device performs the following two functions.

7.3.2.1 COMP Pin Impedance Sensing

The device samples the impedance at the COMP pin and determines the appropriate operating switching
frequency. If there is no resistor connected from the COMP pin to GND, the switching frequency is set to the
default value of 500 kHz. If a resistor of 40.2 kQ + 10% is connected from the COMP pin to GND, the switching
frequency is set to 300 kHz. Alternatively, if a resistor of 13.3 K + 10% is connected from the COMP pin to GND,
the switching frequency is set to 1 MHz.

After a 1.1-ms time period, the COMP pin is then brought low for 0.8 ms. This ensures that the feedback loop is
preconditioned at startup and no sudden output rise occurs at the output of the converter when it is allowed to
start switching.

7.3.2.2 Overcurrent Protection (OCP) Setting

The device sources 10 pA (typical) to the resistor connected from the ILIM pin to GND. The voltage developed
across that resistor multiplied by a factor of 2 is then sampled and latched off internally as the OCP trip level for
the low-side FET until one cycles the input or toggles the EN/SS.

The voltage at EN/SS is internally clamped to 1.3 V before and/or during calibration to minimize the discharging
time once calibration is complete. The discharging current is from an internal current source of 140 pA and it
pulls the voltage down to 0.4 V. It then initiates the soft-start by charging up the capacitor using an internal
current source of 10 pA. The resulting voltage ramp on this pin is used as a second non-inverting input to the
error amplifier after an 800 mV (typical) downward level-shift; therefore, the actual soft-start does not take place
until the voltage at this pin reaches 800 mV.

If the EN/SS pin is left floating, the controller starts automatically. EN/SS must be pulled down to less than 270
mV to ensure that the chip is in shutdown mode.

7.3.3 Soft-Start Time

The soft-start time of the TPS56121 is user programmable by selecting a single capacitor. The EN/SS pin
sources 10 PA to charge this capacitor. The actual output ramp-up time is the amount of time that it takes for the
10 pA to charge the capacitor through a 600 mV range. There is some initial lag due to calibration and an offset
(800 mV) from the actual EN/SS pin voltage to the voltage applied to the error amplifier.
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Feature Description (continued)

The soft-start is accomplished in a closed-loop, meaning that the error amplifier controls the output voltage at all
times during the soft-start period and the feedback loop is never open as occurs in duty cycle limit soft-start
schemes. The error amplifier has two non-inverting inputs, one connected to the 600-mV reference voltage, and
the other connected to the offset EN/SS pin voltage. The lower of these two voltages is what the error amplifier
controls the FB pin to. As the voltage on the EN/SS pin ramps up past approximately 1.4 V (800 mV offset
voltage plus the 600 mV reference voltage), the 600-mV reference voltage becomes the dominant input and the
converter has reached its final regulation voltage.

The capacitance required for a given soft-start ramp time for the output voltage is calculated in Equation 1.
I
Css 2[ 55 thss
VrB

where
* Cggis the required capacitance on the EN/SS pin (nF)
e lgg is the soft-start source current (10 pA)
e Vg is the feedback reference voltage (0.6 V)
e tggis the desired soft-start ramp time (ms) Q)

7.3.4 Oscillator

The oscillator frequency is internally fixed at 500 KHz if there is no resistor connected from COMP pin to GND.
Optionally, a 40.2-kQ resistor from the COMP pin to GND sets the frequency to 300 KHz. Alternatively, a 13.3-kQ
resistor from COMP pin GND sets the frequency to 1 MHz.

7.3.5 Overcurrent Protection (OCP)

Programmable OCP level at ILIM is from 6 mV to 50 mV. With a scale factor of 2, the actual OC trip point across
the low-side FET is in the range of 12 mV to 100 mV.

If the voltage drop across Rpcser reaches 300 mV during calibration (No Rpcset resistor included), it disables
OC protection. Once disabled, there is no low-side or high-side current sensing.

OCP level for the high-side FET is fixed at 34 A (typical). The high-side OCP provides pulse-by-pulse current
limiting.
OCP sensing for the low-side FET is a true inductor valley current detection, using sample and hold. Equation 2

can be used to calculate Rocset- Since the TPS56121 is designed for 15-A full-Load current and not intentionally
designed for an OCP level below 10 A, use an Rpcger Value above 1 kQ to get an accurate OCP tripping point.

Ip_
Rocser = (IOUT(maX) - [%DX% +625

where
* lpp is the peak-to-peak inductor current (A)
*  loutmay iS the trip point for OCP (A)
*  Rocser is the resistor used for setting the OCP level (Q) 2)

An overcurrent (OC) condition is detected by sensing voltage drop across the low-side FET and across the high-
side FET. If the voltage drop across either FET exceeds OC threshold, a count increments one count. If no OC
condition is detected on either FET, the fault counter decrements by one counter. If three OC pulses are
summed, a fault condition is declared which cycles the soft-start function in a hiccup mode. Hiccup mode is
defined as four dummy soft-start timeouts followed by a real one if overcurrent condition is encountered during
normal operation; or five dummy soft-start timeouts followed by a real one if overcurrent condition occurs from
the beginning during start. This cycle continues indefinitely until the fault condition is removed.
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Feature Description (continued)

7.3.6 Switching Node (SW)

The SW pin connects to the switching node of the power conversion stage. It acts as the return path for the high-
side gate driver. When configured as a synchronous buck stage, the voltage swing on SW normally traverses
from below ground to well above the input voltage. Parasitic inductance in the high-side FET and the output
capacitance (Cpgg) of both power FETs form a resonant circuit that can produce high frequency ( > 100 MHz)
ringing on this node. The voltage peak of this ringing, if not controlled, can be significantly higher than the input
voltage. Ensure that the peak ringing amplitude does not exceed the absolute maximum rating limit for the pin.

In many cases, a series resistor and capacitor snubber network connected from the switching node to PGND can
be helpful in damping the ringing and decreasing the peak amplitude. Provide provisions for snubber network
components in the layout of the printed circuit board. If testing reveals that the ringing amplitude at the SW pin
exceeds the limit, then include snubber components.

Placing a BOOT resistor with a value between 5 Q and 15 Q in series with the BOOT capacitor slows down the
turn-on of the high-side FET and can help to reduce the peak ringing at the switching node as well.

7.3.7 Input Undervoltage Lockout (UVLO)

The TPS56121 has fixed input UVLO. In order for the device to turn on, the following conditions must be met:
» the EN/SS pin voltage must be greater than V4
» the input voltage must exceed UVLO on voltage Vyyio

The UVLO has a minimum of 500 mV hysteresis built-in.

7.3.8 Pre-Bias Startup

The TPS56121 contains a unique circuit to prevent current from being pulled from the output during startup in the
condition the output is pre-biased. There are no PWM pulses until the internal soft-start voltage rises above the
error amplifier input (FB pin), if the output is pre-biased. Once the soft-start voltage exceeds the error amplifier
input, the controller slowly initiates synchronous rectification by starting the synchronous rectifier with a narrow
on time. It then increments the on-time on a cycle-by-cycle basis until it coincides with the time dictated by (1-D),
where D is the duty cycle of the converter.

This approach prevents the sinking of current from a pre-biased output, and ensures the output voltage startup
and ramp to regulation is smooth and controlled.

7.3.9 Power Good

The TPS56121 provides an indication that output is good for the converter. This is an open drain signal and pulls
low when any condition exists that would indicate that the output of the supply might be out of regulation. These
conditions include:

* Vg is more than £12.5% from nominal
» soft-start is active
» a short circuit condition has been detected

NOTE
When there is no power to the device, PGOOD is not able to pull close to GND if an
auxiliary supply is used for the power good indication. In this case, a built in resistor
connected from drain to gate on the PGOOD pull down device makes the PGOOD pin
look approximately like a diode to GND.

7.3.10 Thermal Shutdown

If the junction temperature of the device reaches the thermal shutdown limit of 145°C, both the high-side FET
and low-side FET maintain off status. When the junction cools to the required level (125°C typical), the PWM
initiates soft start as during a normal power-up cycle.
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7.4 Device Functional Modes

The TPS56121 devices operate in continuous conduction mode (CCM) at a fixed frequency, regardless of the
output current. For the first 128 switching cycles, the low-side MOSFET on-time is slowly increased to prevent
excessive current sinking in the event the device is started with a prebiased output. Following the first 128
switching cycles, the low-side MOSFET and the high-side MOSFET on-times are fully complementary.
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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 TPS56121 is a highly-integrated synchronous step-down DC-DC converter. It is used to convert a higher DC
input voltage (4.5 V to 14 V recommended) to a lower DC output voltage (as low as 0.6 V), with a maximum
output current of 15 A, for a variety of applications.

8.2 Typical Application

This design example describes a 15-A, 12-V to 1.0-V design using the TPS56121 high-current integrated buck

converter. The system specifications are listed

component values for this device.
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Figure 20. Design Example Schematic
8.2.1 Design Requirements
Table 1. TPS56121 Design Example Parameters
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VN Input voltage 8 12 14 \%
ViN(ripple) Input ripple lout=15A 0.15 \%
Vour Output voltage OA<lIpyt<15A 0.98 1.00 1.02 \%
Line regulation 8VsVy=s14V 0.1%
Load regulation OA<lIpyt<15A 0.5%
VRIPPLE OUtpUt rlpple louT= 15 A 20 mVv
Vover Output overshoot ltran =5 A 50 mV
VUNDER Output undershoot ltran =5 A 50 mV
lout Output current 8VsVy=s14V 0 15 A
tss Soft-start time Vin=12V 2.0 ms
louT(max) Short- circuit current trip point 20 A
n Efficiency Vin=12V, loyt=15A 90%
fsw Switching frequency 500 kHz
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8.2.2 Detailed Design Procedure

Table 2. List of Materials for TPS56121 Desigh Example

gg;g%i’f‘r%% QTY VALUE DESCRIPTION SIZE PART NUMBER MANUFACTURER
C1,C2,C3,C4 4 22 uF Capacitor, Ceramic, 25 V, X5R, 20% 1210 Std Std
C5, C11 1.0 uF Capacitor, Ceramic, 25V, X7R, 20% 0805 Std Std
C6 100 pF Capacitor, Aluminum, 16 VDC, +20% Code D8 | EEEFP1C101AP | Panasonic
Cg,lgsélcg, 5 100 yF | Capacitor, Ceramic, 6.3V, X5R, 20% 1210 | st std
C12 1 4.7 pF Capacitor, Ceramic, 10 V, X5R, 20% 0805 Std Std
C13 1 33 nF Capacitor, Ceramic, 16 V, X7R, 20% 0603 Std Std
Cl4 1 100 nF Capacitor, Ceramic, 50 V, X7R, 20% 0603 Std Std
C15 1 2200 pF Capacitor, Ceramic, 50 V, X7R, 10% 0603 Std Std
C16 1 100 pF Capacitor, Ceramic, 50 V, C0G, 5% 0603 Std Std
C17 1 680 pF Capacitor, Ceramic, 50 V, C0G, 5% 0603 Std Std
C18 1 1000 pF Capacitor, Ceramic, 50 V, X7R, 20% 0603 Std Std
C20, C21 0 100 pF Capacitor, Ceramic, 6.3 V, X5R, 20% 1210 Std Std
J1, J2 2 Terminal Block, 4-pin, 15 A, 5.1 mm 0.8(i)n>(<j§).35 ED120/4DS OST
J3 1 Header, Male 2-pin, 100mil spacing 0.1002inch X | PEC02SAAN Sullins
L1 1 440 nH Inductor, 440 nH, 30A, 0.32 mQ 0530X | pA0513.44INLT | Pulse
' ’ ' 0.510 inch
R1 1 1.78 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
R2 1 5100 Resistor, Chip, 1/16W, 1% 0603 Std Std
R3 1 7.87 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
R4 1 20.5 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
R5 1 49.9Q Resistor, Chip, 1/16W, 1% 0603 Std Std
R6 1 1.00 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
R7 1 30.1 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
R8 1 0Q Resistor, Chip, 1/16 W, 1% 0603 Std Std
R9 1 1.00 Q Resistor, Chip, 1/8 W, 1% 0805 Std Std
R10 1 100 kQ Resistor, Chip, 1/16W, 1% 0603 Std Std
TP1, TP3, TP11 3 Test Point, Red, Thru Hole 0?_21525|n)éh 5010 Keystone
TP.I?PJP.?PE’E; 5 Test Point, Black, Thru Hole Oolg-ésm)((:h 5011 Keystone
TP5, TP6 2 Test Point, Yellow, Thru Hole 0'125. X 5014 Keystone
0.125 inch
TP7, TP10 2 Test Point, White, Thru Hole 0.125 x 5012 Keystone
0.125 inch
U1 1 4.5-V to 14 \éljgﬁlit(,):\?eﬁérsynchronous eQngl ri?n TPS56121DQP T

8.2.2.1 Switching Frequency Selection

To achieve a balance between small size and high efficiency for this design, use switching frequency of 500 kHz.

8.2.2.2

Inductor Selection (L1)

Synchronous buck power inductors are typically sized for between approximately 20% and 40% peak-to-peak
ripple current (Ip_p).

Using this target ripple current, the required inductor size can be calculated as shown in Equation 3.
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V -V, _
L ~ IN(max) ~ YouT Vout 1 14V 1.0V><1.0V>< 1 — 413nH
0.3X|OUT VIN(max) fSW 03X15A 14V 500kHZ (3)
Selecting a standard 440-nH inductor value, lpp = 4.2 A.
The RMS current through the inductor is approximated in Equation 4.
2 2 2 2
I (rms) = \/(IOUT) + (%2 x(lp_p) )= \/(15) + (%2 x(4.2) )= 15.05A @

8.2.2.3 Output Capacitor Selection

The output transient response typically drives the selection of the output capacitor. For applications where Vymin)
> 2 x Vgour, USe overshoot to calculate the minimum output capacitance, as shown in Equation 5.

c o (ITRAN )2 xL B 52 x 440nH
OUTMIN) = (Vout xVover ) 1.0x50mV

= 220uF
(5)

For applications where Viyminy < 2 X Voyr, Use overshoot to calculate the minimum output capacitance. The
equation is shown in Equation 6

(rraN )2 xL

(Mn — Vout )* VUNDER ©)

CouTt(min) =

In order to meet the low ESR and high capacitance requirements, this design uses five 100-uF, 1210 ceramic
capacitors. With a minimum capacitance, maximum ripple voltage determines the maximum allowable ESR. The

ESR is approximated in Equation 7.
Ip_ 4.2A
VRIPPLE —[ij 20mVv —(

VRIPPLE ~ VRIPPLE(COUT 8xCouyr xfsw 8x500pF x 500 kHZJ
ESRcouT(max) = I (oD _ I = ToA =4.3mQ
pp PP :

™

8.2.2.4 Inductor Peak Current Rating

With output capacitance, it is possible to calculate the charge current during start-up and determine the minimum
saturation current rating for the inductor. Equation 8 approximates the start-up charging current (Icyarce)-

VOUT XCOUT _ 1.0V XSOOHF —025A
tss 2ms (8)

IcHARGE =

Equation 9 approximates the peak current in the inductor, I (peak).
I (peak) =lout + (% *IrippLE )+ Icharce = 15A +(15x4.2A)+0.25A =17.4A o

With the short circuit current trip point loytmax Set at 20 A, the maximum allowable peak current I pgak(max) IS
shown in Equation 10.

L_peak(max) = louT(max) + (3 IRippLE )= 20A + (J5x4.2A)=22.1A (10)
The selection of output capacitor meets the maximum allowable peak current requirement.

Table 3. Inductor Requirements Summary

PARAMETER VALUE UNIT
L Inductance 440 nH
I (rms) RMS current (thermal rating) 15.1 A
I pEAK(MaX) Peak current (saturation rating) 22.1 A
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Thie design uses a PA0513.441NLT, 440-nH, 0.32-mQ, 30-A inductor.

8.2.2.5 Input Capacitor Selection

The input voltage ripple is divided between capacitance and ESR. For this design V\\ rippLe(cap)y = 100 mV and
Vin_rippLEESR) = D0 MV. Use Equation 11 to estimate the minimum capacitance. Use Equation 12 to estimate the
maximum ESR.

lout * Vour * (Vingminy — Vour ) ~ 15x1.0Vx(8V-1.0V)

- 2 = 328 HF
VIN_RIPPLE(CAP) X (VlN(min))2 x faw 100mV x (8 v) % 500kHz "

Cingmin) =

ESR _ VIN_RIPPLEESR)  50mV
CIN(max) - | . - 42A
P—P 15A
our+[T5) AMTT

Equation 13 estimates the RMS current in the input capacitors.

1 1
lrms (cin) = louT * Pwax * (1-Dyax ) = 15A 3 (1 —gJ =5.0Ams

=2.9mQ

(12

13)
Four 1210, 22-pF, 25-V, X5R, ceramic capacitors with approximately 2.5-mQ ESR and a 2.5-A RMS current
rating are selected. Higher voltage capacitors are selected to minimize capacitance loss at the DC bias voltage to
ensure the capacitors will have sufficient capacitance at the working voltage while a 1.0-pyF capacitor in smaller
case size is used to reduce high frequency noise from the MOSFET switching.

8.2.2.6 Bootstrap Capacitor (C14)

The bootstrap capacitor maintains power to the high-side driver during the high-side switch ON time. Per the
requirements of the integrated MOSFET, the value of Cggot is 100 nF with a minimum 10-V rating.

8.2.2.7 Bootstrap Resistor (R2)

The bootstrap resistor slows the rising edge of the SW voltage to reduce ringing and improve EMI. Per the
datasheet recommendation a 5.1-Q resistor is selected.

8.2.2.8 RC Snubber (R9 and C18)

To effectively limit the switch node ringing, select a 1.0-Q resistor and a 1000-pF capacitor

8.2.2.9 VDD Bypass Capacitor (C11)

Per the data sheet recommended pin terminations, bypass VDD to GND with a 1.0-uF capacitor.

8.2.2.10 BP5 Bypass Capacitor (C12)

Per the data sheet recommended pin functions, bypass BP5 to GND with a capacitor with a value of at least 1.0-
MF. For additional filtering and noise immunity, select a 4.7-uF capacitor.

8.2.2.11 Soft-Start Capacitor (C13)

The soft-start capacitor provides a constant ramp voltage to the error amplifier to provide controlled, smooth
start-up. The soft-start capacitor is sized using Equation 14.
ISS t 1OMA

Cac = X = x2.0ms =33nF
Ss Ves SS =6V

(14)

8.2.2.12 Current Limit (R1)

The TPS56221 uses the negative drop across the internal low-side FET at the end of the OFF-time to measure
the valley of the inductor current. Allowing for a minimum 20-A, or 30% over maximum load, the programming
resistor is selected using Equation 15.
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lo_p 42 A
ROCSET =95x IOUT(max) - T +62.50=95x%x|20 A- T +62.5Q0=1.76 kQ
(15)

Select a standard 1.78-kQ resistor from the E-48 series.

8.2.2.13 Feedback Divider (R4, R7)

The TPS56121 converter uses a full operational amplifier with an internally fixed 0.600-V reference. R4 is
selected between 10 kQ and 50 kQ for a balance of feedback current and noise immunity. With R4 set to 20.5
kQ, program the output voltage with a resistor divider as calculated in Equation 16.

R7 = =
(Vour - Veg)  (1.0V-0.600V)

(16)
Select a standard 30.1-kQ resistor from the E-48 series.

8.2.2.14 Compensation (C15, C16, C17, R3, R6)

Using the TPS40k Loop Stability Tool for 50 kHz of bandwidth and 60 degrees of phase margin with an R4 value
of 20.5 kQ, the design yields the following values.

« C17=C_1=680pF

+ C15=C_2=2200pF

+ Cl16=C_3=100pF

e« R6=R_2=1.00kQ

+ R3=R_3=7.87kQ
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8.2.3 Application Curves
Output voltage 12 V to 1.0 V at 0-A to 15-A input current.
95 + | 40 200
90 1 ! 30 160
g5 S 20 = /)(\\ 120
= 10 \ N 80
< 80 N
> 75 g 0 N 0 ¢
c = -10 0 ?
.g 70 ‘© \ g
£ O -20 N -40 &
65 -30 \\‘ -80
60 — Vpn=8V -40 -120
_— V=12V = Gain
51 fqw = 500 kHz Vi =14V =50 | — phase 160
50 -60 -200
0 3 6 9 12 15 1000 10000 100000 400000
Load Current (A) G001 Frequency (kHz) G001
Figure 21. Efficiency vs Load Current Figure 22. Loop Response, 47-kHz Bandwidth,
48° Phase Margin
Telk  Stopped 563 Heis 30 Sep 11 20:29:20
TPS5E121EVM-G01  RIPFLE Test conditon: 12VIN, 1.0¥154
CH1: ¥OuUT
" b P / "
oy, e WM i, | N, | Ay
¢ % B M 1.0ps 5.0G5% IT 10.0psdat
#A Chl » 2Z20mY
Figure 23. Output Ripple 20 mV/div, 1.0 ps/div, 20 MHz Bandwidth, AC Coupled
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9 Power Supply Recommendations

The TPS56121 devices are designed to operate from an input voltage supply between 4.5 V and 14 V. This
supply must be well regulated. These devices are not designed for split-rail operation. The VIN and VDD
terminals must be the same potential for accurate high-side short circuit protection. Proper bypassing of input
supplies and internal regulators is also critical for noise performance, as is PCB layout and grounding scheme.
See the recommendations in Layout Guidelines.

10 Layout

10.1 Layout Guidelines

» Place input capacitors next to the VIN pin and on the same side as the device. Use wide and short traces or
copper planes for the connection from the VIN pin to the input capacitor and from the input capacitor to the
power pad of the device.

» Place the BP decoupling capacitor close to the BP pin and on the same side as the device in order to avoid
the use of vias. Use wide and short traces for the connection from the BP pin to the capacitor and from the
capacitor to the power pad. If vias are not evitable, use at least three vias to reduce the parasitic inductance.

* Include a Kelvin VDD connection, or separate from VIN connection (bypass input capacitors); add a
placeholder for a filter resistor between the VDD pin and the input bus. Place the VDD decoupling capacitor
near the VDD pin and on the same side as the device to avoid the use of vias. Use wide and short traces for
the connection from the VDD pin to the capacitor and from the capacitor to the power pad of the device. If
vias are not avoidable, use at least three vias to reduce the parasitic inductance.

e Maintain the FB trace away from BOOT and SW traces.

* Minimize the area of switch node.

» Use a single ground.Do not use separate signal and power ground.

e Use 3 x 7 thermal vias as suggested in Land Pattern Data in Mechanical, Packaging, and Orderable
Information.

10.2 Layout Example
The TPS56121EVM-601 layout is shown in Figure 24 through Figure 29 for reference.

P8 TP7 TP1@ TP9

GND CHA CHB GND

J1

Loop Response Injection— Vin
8v — 14v —
TP2
GND Cc6 ||
+ a1

PGOOD SRS | P1

E VIN cé —
c1 -
C1[ggy e

N M
[N &)
Caution "”U1
PS5 g 8|5 | 8|8 ™4[ BND J2
EN/SS ,\a U ok GND
o —l=
PS5 5B NIglg|2® 21985
515%52 Ro[ RO °le|“lolo 1 5198
e o 28 588 P3| |
Open to Enable u JP::
ou
TP11 |
sw L1
. TP12
13 TEXAS GND ﬁ Vout
I NSTRUMENTS 12Vto 1.0V @ 15A 1.0V 8 15A
TPS56121EVM—6@1 Synchronous Buck
HPA6@1 Rev. C Integrated NexFET
Figure 24. TPS56121EVM-601 Top Assembly Figure 25. TPS56121EVM-601 Bottom Assembly
Drawing (Top view) Drawing (Bottom view)
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Layout Example (continued)

OO/ O/NO)|

®
=
®
®
®
=

Figure 26. TPS56121EVM-601 Top Copper (Top Figure 27. TPS56121EVM-601 Internal 1 (Top View)
View)

BEEE

B el BO6OO

Figure 28. TPS56121EVM-601 Internal 2 (Top View) Figure 29. TPS56121EVM-601 Bottom Copper (Top
View)
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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 Tl PRODUCT OR SERVICE.

11.2 Trademarks

PowerPAD, SWIFT, NexFET are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

11.3 Electrostatic Discharge Caution

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

11.4 Glossary

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

12 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Tem Op Temp (°C Device Markin Samples
ge Typ g g P p p g9 p
I Drawing Qty @ (6) (3) (4/5)

SN1109022DQPR ACTIVE  LSON-CLIP DQP 22 2500 Pb-Free (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40 to 125 TPS56121
Exempt)

TPS56121DQPR ACTIVE  LSON-CLIP DQP 22 2500 Pb-Free (ROHS CU NIPDAU|CU SN Level-2-260C-1 YEAR  -40 to 125 TPS56121
Exempt)

TPS56121DQPT ACTIVE  LSON-CLIP DQP 22 250 Pb-Free (RoOHS CU NIPDAU |CU SN Level-2-260C-1 YEAR  -40to 125 TPS56121
Exempt)

@ 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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS56121DQPR LSON- DQP 22 2500 330.0 15.4 5.3 6.3 1.8 8.0 12.0 Q1
CLIP
TPS56121DQPT LSON- DQP 22 250 330.0 15.4 53 6.3 1.8 8.0 12.0 Q1
CLIP
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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)
TPS56121DQPR LSON-CLIP DQP 22 2500 336.6 336.6 41.3
TPS56121DQPT LSON-CLIP DQP 22 250 336.6 336.6 41.3
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MECHANICAL DATA

DQP (R—PSON—N22) PLASTIC SMALL OUTLINE NO—-LEAD
le 6,10 »
5,90
_ 510
4,90
A
PIN 1 INDEX AREA/
TOP AND BOTTOM

Exposed Tie Bar Features May Vary:

T 0,20 Nominal
1’50lMAX I:I/ Lead Frame

'y
2[0,08|C T _l Seating Plane
. L0,50 REF t
005
0,00

0,20 Nominal—| |<—
Lead Frame

TUO00ooooL ]
?ﬁ THERMTL PAD _‘

__SIZE AND|SHAPE __
SHOWN ON SEPARATE SHEET

L ' _| >
Innnnfnnnnt.

U,ZSﬂizpliL_ ) - i12 LQZX&%
$[2005 ® | L—- !

< {5,00} :!

Bottom View

4210472-3/E 09/11

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—1994.

B. This drawing is subject to change without notice.

C. Small Outline No—Lead (SON) package configuration.

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

E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

Pin 1 identifiers are located on both top and bottom of the package and within the zone indicated.
The Pin 1 identifiers are either a molded, marked, or metal feature.
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THERMAL PAD MECHANICAL DATA

DQP (R—PSON—N22) PLASTIC SMALL OUTLINE 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.

»—4— 4x 0,26

Exposed
Thermal Pad

[ [
x
\

v

3,2410,10 — — ; - - 2x 2,00

"

| |__$_£4xo,25
2|_|2|_||_||_||_|ﬂ|_||_||_||_|g

[—— 5479+0,10 ———— P

~ 11

Bottom View

Exposed Thermal Pad Dimensions

4211024-3/H 08/15

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

DQP (R—PSON—N22)

PLASTIC SMALL OUTLINE NO—LEAD

Example Board Layout

Pin 1

Note D

Example Stencil Design
0.125 Thick Stencil
(Note E)
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(62% Printed Solder Coverage by Area)

Example Via Layout Design
Via layout may vary depending
on layout constraints

. (Note D, F)
.
N\,

N
‘\\ 3 . 2 4

OOZ/

21x 90.30

o
_>'\l<_

i
\!\ Pad Geometry

! (Note C)

0,07 _f_>

4211042/E  05/15

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note,

QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, and dlso the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

These documents are available at www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design
considerations.

F.  Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.

A
B.
C

E.
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IMPORTANT NOTICE

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

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

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

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

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

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

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

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

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

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

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

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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