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4.5-V to 14-V Input High-Current Synchronous Buck Converter

Check for Samples: TPS56121

FEATURES

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

* Fixed Frequency Options of 300 kHz, 500 kHz
and 1 MHz

+ High-Side and Low-Side MOSFET Rps(on)
Sensing

* Programmable Soft-Start

* 600-mV Reference Voltage with 1% Accuracy
+ Voltage Mode Control with Feed-Forward

* Supports Pre-Biased Output

* Thermal Shutdown

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

APPLICATIONS
» Point-of-Load (POL) Power Modules

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

SIMPLIFIED APPLICATION

DESCRIPTION

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

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

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.
It then enters a shutdown/restart cycle until the fault
is removed.
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A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD, NexFET are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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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.

ORDERING INFORMATION

s PACKAGE PINS TRANSPORT MEDIA MINIMUM QUANTITY ORDERABLE
NUMBER
. 250 TPS56121DQPT
-40°C to 150°C Plastic QFN (DQP) 22 Tape-and-reel
2500 TPS56121DQPR
ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted) ®
VALUE
UNIT
MIN TYP
VDD, VIN -0.3 165 V
SW -3 25
SW (< 100 ns pulse width, 10 pJ) -5
Voltage Range
BOOT -0.3 30
BOOT-SW (differential from BOOT to SW) -0.3 7
COMP, PGOOD, FB, BP, EN/SS, ILIM -0.3 7
o (HBM) QSS 009-105 (JESD22-A114A) 2| kv
Electrostatic discharge
(CBM) QSS 009-147 (JESD22-C101B.01) 15
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.

THERMAL INFORMATION

TPS56121
THERMAL METRIC® PQFN UNITS
22 PINS

03a Junction-to-ambient thermal resistance 34.6
83ctop Junction-to-case (top) thermal resistance 22.9
Wit Junction-to-top characterization parameter 0.6 °CIW
Wi Junction-to-board characterization parameter 5.0
03chot 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.

RECOMMENDED OPERATING CONDITIONS
over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX|UNIT

Vpp  VIN Input voltage 4.5 14| V
T; Operating junction temperature -40 125| °C
2 Copyright © 2011, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

PARAMETER TEST CONDITIONS MIN TYP MAX’ UNITS
VOLTAGE REFERENCE
T;=25°C,45V<Vypp<14V 597 600 603
Veg FB input voltage —40°C < T; £ 125°C, mV
45V <Vypp<14V 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 =1V 25 5.0 mA
VUVLO UVLO ON VOItage 4.0 4.3 \Y
Vuviorys) UVLO hysteresis 500 700 mV
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 UA
Vs Soft-start voltage level — Start of 0.4 08 13 vV
ramp
BP REGULATOR
Vgp Output voltage Igp = 10 mA 6.2 6.5 6.8 \%
Voo \F;egulator dropout voltage, Vypp — lep = 25 MA, Vypp = 4.5 V 70 125 mv
BP
OSCILLATOR
Rcomp =40.2kQ, 45V <V\pp<14V 270 300 330| kHz
fsw Switching Frequency Rcomp = 0pen, 4.5V s Vypp =14V 450 500 550| kHz
Rcomp =13.3kQ, 45V <Vpp<14V 0.8 0.95 11| MHz
Veavp® Ramp amplitude Vypp/6.6  Vypp/6 Vypp/5.4 \Y
PWM
fow = 300 kHz, VeEg =0 V, o
45V <Vypp<s14V 93%
@ . fow = 500 kHz, Vg =0 V, o
Dmax Maximum duty cycle 45V < Vypp € 14 V 90%
fsw =1 MHz, Veg =0V, o
45V <Vypp<s14V 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
I :)r:ﬁ)ut bias current (current out of FB Veg = 0.6 V 75 nA
leaoP Output source current Veg =0V 15 mA
lEAOM Output sink current Veg=1V 15 mA
POWER GOOD
Feedback upper voltage limit for
Vov PGOOD 655 675 700 mVv
Feedback lower voltage limit for
Vuv PGOOD 500 525 550
Vpgp-HystT PGOOD hysteresis voltage at FB 30 45
Rpcp PGOOD pull down resistance Veg =0V, Irg=5mA 30 70 Q
lpGDLK PGOOD leakage current S50 mv = Vg < 655 mV, 10 20| pA
Vpgoop =5V

(1) Ensured by design. Not production tested
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ELECTRICAL CHARACTERISTICS (continued)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNITS

OUTPUT STAGE
Rui High-side device resistance T;=25°C, (VgooT — Vsw) =55V 4.5 6.5 mQ
Rio Low side device resistance T;=25°C 1.9 2.7
OVERCURRENT PROTECTION (OCP)
tpssCiminy @ Elll:glljnum pulse time during short 250 ns
) $witch _Ieadi_ng-edge planking pulse 150

time (high-side detection)
locH OC threshold for high-side FET T;=25°C, (VgooT — Vsw) =55V 27 34 39 A
liLm ILIM current source T;=25°C 10.0 HA
VocLpro®@ Elrzo_lgrammable OC range for low side T,=25°C 12 100 mv
torrF OC retry cycles on EN/SS pin 4 Cycle
BOOT DIODE
VpewD Bootstrap diode forward voltage Igootr =5 MA 0.8 \%
THERMAL SHUTDOWN
Tisp @ Junction shutdown temperature 145 °C
Tison @ Hysteresis 20 °C

(2) Ensured by design. Not production tested
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DEVICE INFORMATION

DQP PACKAGE

PQFN-22
(TOP VIEW)
- —4 /Il _________ ! L_| —_—
COMP[Tl ¢ | 23] PGD
I
FB [Z] | | 1) EN/SS
| _ I R
GND |21 I 5] vDD
= L
BOOT [[4] ! | 18] BP
GND [51 ! i) LM
I
Lo 1 GND .
SW [ | (Thermal Pad) I I:: VIN
swlzl i | 8] VIN
swlgl ! i CB] VIN
I
swfal | | D] VIN
sw [E! | s} AN
I
swfal ! | CiZ] VIN
i 1

Note: The thermal pad is also an electrical ground connection.

PIN FUNCTIONS

PIN

/10

DESCRIPTION

NAME

NO.

BOOT

Gate drive voltage for the high-side FET. A 100-nF capacitor (typical) must be connected between this pin
and the SW pin. To reduce a voltage spike at SW, a BOOT resistance between 5 Q to 10 Q may be placed
in series with the BOOT capacitor to slow down start-up of the high-side FET.

BP

19

Output bypass for the internal regulator. Connect a low-ESR bypass ceramic capacitor of 1 uF or greater
from this pin to GND.

COMP

Output of the error amplifier and connection node for loop feedback components. Optionally, a 40.2 kQ
resistor from this pin to GND sets switching frequency to 300KHz instead of the default value of 500KHz;
while a 13.3 kQ resistor from this pin to GND sets switching frequency to 1 MHz.

EN/SS

21

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
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

GND

Thermal
Pad

Ground reference for the device. This is also the thermal pad used to conduct heat from the device. This
connection serves two purposes. The first is to provide an electrical ground connection for the device. The
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

Open drain power good output.

SW

10

11

Sense line for the adaptive anti-cross conduction circuitry. Acts as the common connection for the flying
high-side FET driver.

VDD

20

Power input to the controller. A low-ESR bypass ceramic capacitor of 1 yF should be connected from this
pin close to GND.
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PIN FUNCTIONS (continued)

PIN /O | DESCRIPTION
NAME NO.
12
13
14 ) o
VIN 15 | Power input to the high-side FET.
16
17
FUNCTIONAL BLOCK DIAGRAM
10 pA 0.6 Veer + 12.5%
" Soft Start | SS REF °
BP
EN/SS |:—' | - | | ”
- | SD ' 0.6 VRer —12.5%
Fault — :| BOOT
Clock c
ontroller
VDD | 6-V ++—— 0C
Reguistor |_[ Refeances |-+ 0.6 Veer i
BP l » BP Sb— _|_|::| VIN
Calibration JUL"‘
comp | Circuit Oscillator Clock Anti-Cross
PWM Conduction
Logic — and o 2 r:l sSW
Pre-Bias J
FB I:—l = < Circuit BP
— > PWM
+
: 1 1
0.6 VRer X | L 10
SS—— Thermal
750 kQ /‘\
—l Shutdown ocC —» r ILIM
PGoop | | Threshold N L]
L Setting
E Fault Controller _I__ i
TPS56121 — =
. [PAD] oc
I—, UDG-11050
GND
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TYPICAL CHARACTERISTICS

602

601

600

599

598

597

596

FB Pin Reference Voltage (mV)

595

594
-40 -25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

Figure 1. Reference Voltage vs. Junction Temperature

504

fsw = 500 kHz
502

500 | —

498

496

494 _—_/\

492

Switching Frequency (kHz)

490 e \/\pp = 4.5V
— Vypp=12V

488
-40 -25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

Figure 3. Switching Freczgce)gcl:(){_'v)s. Junction Temperature
z

725

700

675

650

625

EN Pin High-Level Threshold Voltage (mV)

600
-40 -25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

Figure 5. EN Pin High-Level Threshold Voltage vs.
Junction Temperature

306

305

304

303

302

Switching Frequency (kHz)

301

300

fsw = 300 kHz

— Vypp=45V
— Vypp=12V

-40 -25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

Figure 2. Switching Fre(}ggg(lz(){_iv?. Junction Temperature
z

975

950

925

900

Switching Frequency (kHz)

875

850

fsw =1 MHz

\

—— Vypp=45V
— Vypp=12V

-40 -25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

Figure 4. Switching Frequency vs. Junction Temperature
(1 MHz)

2925

292.0

2915

291.0

290.5

EN Pin Low-Level Threshold Voltage (mV)

290.0

-40 -25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

Figure 6. EN Pin Low-Level Threshold Voltage vs.
Junction Temperature
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Shutdown Current (pA)

.

Soft-Start Source Current (UA)

.

High-Side On-Resistance (mQ)

TYPICAL CHARACTERISTICS (continued)

82

80

78

76

74

72
Vypp = 12V

70
-40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)

Figure 7. Shutdown Current vs. Junction Temperature

105

10.4
10.3
10.2
10.1
10.0
9.9
9.8
9.7

9.6
-40 -25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

Figure 9. Soft-Start Source vs. Junction Temperature

6.0

5.5

5.0

4.5

i

Low-Side On-Resistance (mQ)

4.0

— Vypp=45V
— Vypp =12V

3.5
-40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)

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

Quiescent Current (mA)

Soft-Start Voltage Level (mV)

2.44

2.43

2.42

241

2.40

2.39
Vypp = 12V

2.38
-40 -25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

Figure 8. Quiescent Current vs. Junction Temperature

975
950
925
900
875
850
825
800
775
750

725
-40 -25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

Figure 10. Soft-Start Voltage Level vs. Junction
Temperature

25

2.4

2.3

2.2

2.1

2.0

1.9

1.8 = \\pp =45V

— Vypp =12V

1.7
-40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)

Figure 12. Low-Side On Resistance vs. Junction
Temperature
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TYPICAL CHARACTERISTICS

The efficiency curve shown in Figure 15 is measured with a 0.5-uH output inductor and a maximum DCR of 0.75 mQ.

The efficiency curve shown in Figure 16 is measured with a 0.3-uH output inductor and a maximum DCR of 0.54 mQ.

The power derating curves shown in Figure 17 and Figure 18 are measured on a 4" x 3.25", 0.062" thick FR4 board
with 6 layers and 1 oz. copper.

40

38

36

34

32

30

High-Side Overcurrent Threshold (A)

28 | — Vypp=45V
— VVDD =12V

26
-40 -25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)

Figure 13. High-Side Overcurrent Threshold vs. Junction

Temperature
100
90
& 80
)
c
k]
8
£ 7 — Vour=0.8V
— Vour=1.0V
— Vour=12V
60 fow=500kHz | = Vour=18V
Vyn =12V = Vour =25V
TA =25°C — VOUT =33V
50
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Load Current (A)
Figure 15. Efficiency vs. Load Current (Vyy =12 V)
16
14
12
<
= 10
g
3 8
5
=3 6| =— Vour=0.8V
o —_— Voyr=1.0V
4| == Vour=12V
e Vour =18V
2| == Vour=25V
= Vour =33V Vyn =12V
0
0O 10 20 30 40 50 60 70 80 90 100 110

Ambient Temperature (°C)

Figure 17. Output Current vs. Ambient Temperature
(Vvin =12V)

Efficiency (%) Power—-Good Threshold Voltage (mV)

Output Current (A)

750

700

650

600

550

500
= Vov

— Vv

450
-40 -25 -10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

Figure 14. Power Good Threshold Voltage vs. Junction

Temperature
100
95
90
85
80 — Vour=08V
— Vour=10V
75 fsw = 500 kHz — Vour=12V
Vyin = 5°V e Vour=1.8V
Ta=25°C — Vour=25V
70

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Load Current (A)

Figure 16. Efficiency vs. Load Current (Vyy =5 V)

16
14
12
10
8
6
— Vour=08V
4| = Vour=10V
— Vour=12V
2| — Vour=18vV
— Vour=25V Vyn=5V
0
0 20 40 60 80 100 110

Ambient Temperature (°C)

Figure 18. Output Current vs. Ambient Temperature
Mvin=5V)
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APPLICATION INFORMATION

Introduction

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.

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.

2.0

1.6 Calibration VEN/SS
€ Time(1.9 ms) P

1.3V

1.2 y
/

A

N

Input Voltage (V)

0.8 /

0.7V e

0.4 l/
/ Vss_INT
0 T

Time (ms)

Figure 19. Startup Sequence and Timing

Enable Functionality, Startup Sequence and Timing

After input power is applied, an internal 40-yA 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.

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.

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

10 Copyright © 2011, Texas Instruments Incorporated
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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.

Soft-Start Time

The soft-start time of the TPS56121 is user programmable by selecting a single capacitor. The EN/SS pin
sources 10 uA 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.

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 =[ 53 thss
Vrs

where
* Cggis the required capacitance on the EN/SS pin (nF)
* lgg is the soft-start source current (10 pA)
e Vg is the feedback reference voltage (0.6 V)
* tggis the desired soft-start ramp time (ms) (2)

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.

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 Rpcger 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 RpocseT.

Ip_
Rocser = (IOUT(maX) - [%HX% +500

where
* lp.p is the peak-to-peak inductor current (A)
*  lourmay is the trip point for OCP (A)
*  Rocsey IS the resistor used for setting the OCP level (Q) (2)

Copyright © 2011, Texas Instruments Incorporated 11
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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.

Input Undervoltage Lockout (UVLO)

The TPS56121 has fixed input under-voltage lockout (UVLO). In order for the device to turn on, the following
conditions must be met:

+ the EN/SS pin voltage must be greater than V|4

» the input voltage must exceed UVLO on voltage Vyy o

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

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.

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.

Thermal Shutdown

If the junction temperature of the device reaches the thermal shutdown limit of 145°C, the PWM and the oscillator
are turned off. Both high-side FET and low-side FET are kept off. When the junction cools to the required level
(125°C typical), the PWM initiates soft start as during a normal power-up cycle.

12 Copyright © 2011, Texas Instruments Incorporated
Product Folder Link(s) :TPS56121


http://focus.ti.com/docs/prod/folders/print/tps56121.html
http://www.ti.com
http://focus.ti.com/docs/prod/folders/print/tps56121.html

13 TEXAS

INSTRUMENTS

www.ti.com

TPS56121

SLUSAH4 —MARCH 2011

Introduction

DESIGN EXAMPLE

This design example describes a 15-A, 12-V to 1.2-V design using the TPS56121 high-current integrated buck
converter. The system specifications are listed in Table 1.

Table 1. TPS56121 Design Example Parameters

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VN Input voltage 8.0 14 \%
ViN(ripple) Input ripple lout=15A 0.5 \%
Vout Output voltage OA<Ipyt<15A 1.164 1.2 1.236 \%
Line regulation 8VsVy=s14V 0.5%
Load regulation OA<Ipyt<15A 0.5%
VRiPPLE Output rlpple lout= 15 A 24 mV
VoVER Output overshoot 5A<Ioyt<10A 50 mV
VUNDER Output undershoot 5A<Ioyt<10A 50 mV
lout Output current 8VsVys14V 0 15 A
tss Soft-start time Vin=12V 15 ms
lscp Short- circuit current trip point 20 A
n Efficiency ViNn=12V, loyt=125A 90 %
fsw Switching frequency 500 kHz
Size 06| In?
Cll== R1
1.QuF 287k
AQ(O|O(N|O(|T (M| N
ﬂ NN~~~ ||~ ]~~~
C13== QWL IZZZZZZ L L L A1 Vin BV — 14V
22nF glema>5>>5>55 Tcs Tes Tce7 Tt Tca "
& a oND2IR 1.Q0uF | 3.3uF | 4x 1QuF | 3x 22uF 100QuF
Vi GND1[m
u % 0ba zzzzxx N_‘lr‘ { L1
TPS56121DQP 8 r czp 8 (ZD 0 nnninn 680nH =
—|~fm ][]0 L0|l\ mlmlsl—l
o Saaa
R22 <7 Cl1a
5.1 100nF
I L . . Vout 1,2V @ 25A
I C20 c18 Cc21
c15 R3 R4 1QuF 2x 22uF Sx 47uF
1000pF 22.1k 20,5k
| AV : AV J_
Il I =
cie ‘—MN—O—l
22pF R7 1.27k 470pF
R6 c17
20.5k

Figure 20. Design Example Schematic
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Design Procedure

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

Inductor Selection (L1)
Synchronous buck power inductors are typically sized for between approximately 20% and 40% peak-to-peak
ripple current (Ig;ppLg)-
Using this target ripple current, the required inductor size can be calculated as shown in Equation 3.
. Vin(max) — VouT L Vour 1 _14v-12Vv 12V f
0.3xloyt ViNmax)  fsw 0.3x15A 14V 500kHz

=487nH

3
Selecting a standard 680-nH inductor value, Igpp e =7.3A.

The RMS current through the inductor is approximated in Equation 4.

I (rms) = \/ (L(avg)j + @2 x (rippie ) ): \/(IOUT )+ (%2 x (rippie ) )= \/(1 5Y + @2 x(3.2) ): 15.03A @

Output Capacitor Selection (C18, C20, C23)

The selection of the output capacitor is typically driven by the output transient response. The selection of the
output capacitor is typically driven by the output transient response.

* loop bandwidth delay

* inductor slew-rate delay

+ transient slew-rate

For applications with Viymin) > 2 ¥ Vour the calculation is shown in Equation 5.

C B ITRAN(max) QTRAN(maX))2 xL ITRAN(max) xtEALL _
OUT(min) ~ 35 + - =

xBW xVover  2x(Vout )* Vover Vover
2
5 680nH
5 L)~ _SAXANS 477 F +142uF — 50 F = 269 uF
3rxB60kHzx50mV 2x1.2x50mV 50mV (5)

With a minimum capacitance, the maximum allowable ESR is determined by the maximum ripple voltage and is
approximated inEquation 6.

| 3.2A
VRIPPLE(tot) ~ [R'PPLE j 24mV — ( )
ESRjax = VRIPPLE(tot) ~ VRIPPLE(cap) _ (1) | 8x Cour xfsw _ 8x269F x500kHz ) _ .
lRiPPLE lRiPPLE 3.2A

©)

In order to meet the low ESR and high capacitance requirements of this design, 5 47-yF, 1210, 2 22-pF, 1206,
and 1 10-yF, 0805 ceramic capacitors are selected. The combination of multiple capacitor types and ceramic
capacitors of different sizes provides a wider band to the filtering frequencies of the output capacitors.

14 Copyright © 2011, Texas Instruments Incorporated
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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. The start-up charging current is approximated by Equation 7.

Vour xCout _ 1.2V x2750F

IcHARGE = = -0.22A
tSS 1.5ms (7)

| (peak) = louT(max * (%> IrippLe )+ lcharce = 15A+(15x3.2A)+0.22A =16.8A

®

Table 2. Inductor Requirements Summary

PARAMETER VALUE UNITS
L Inductance 680 nH
I (rms) RMS current (thermal rating) 15.03 A
I (peak) Peak current (saturation rating) 16.8 A

PG0871.681NL, 680-nH, 2.3-mQ, 24-A inductor is selected with a 24-A saturation current and 19-Agys thermal
rating. A physically larger inductor with a lower DCR could be selected for higher efficiency, but this small
inductor better meets the 0.6 maximum PCB area requirement.

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 Cgpot is 100 nF with a minimum 10-V rating.

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.

VDD Bypass Capacitor (C11)

Per the TPS56221 recommended pin terminations, VDD is bypassed to GND with a 1.0-yF capacitor.

BP5 Bypass Capacitor (C12)

Per the TPS56221 recommended pin terminations, VDD is bypassed to GND with at least 1.0-uF capacitor. For
additional filtering and noise immunity, a 4.7-uF capacitor is selected.

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 9.

Css = 'ss xtgg = 1082, 4 5ms = 25nF ~ 22nF
Ve 0.6V

©

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 of 30% over maximum load, the programming resistor
is selected using Equation 10.

RoGSET = 95><{1.3><IOUT(maX) —['R'F’%Dwoo Q= 95{1 3x15 A—(%Dwoo 0 =220kQ ~ 2.87 kQ

(10)
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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 kQand 50 kQ for a balance of feedback current and noise immunity. With R4 set to 20.5 kQ,
The output voltage is programmed with a resistor divider given by Equation 11.

Veg xRpg  0.600V x20.5kQ _ 20.5kO ~ 20 5kO)

Rgias = -
BAS ™ (Vour - Veg) 1.2V -0.600V

(11

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

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

« C1l7=C_1=470pF

+ C15=C_2=1000 pF

+ Cl16=C_3=22pF

+ R6=R_2=1.27kQ

+ R3=R_3=221kQ

DESIGN EXAMPLE PERFORMANCE CHARACTERISTICS
Output voltage 12 V to 1.2V at 0-A to 15-A input current.

94 100 225
fow = 500 kHz

92 80 180

%0 60 135

88
= 40 0
S 86 g <
2 - 20 45 P
c 84 ‘© 8
2 © 9 o °
= 82
w

80 -20 -45

78 -40 | = Gain -90

- = Phase
—_— V=12V P
76 _ -60 -135
Vin=14V 0.1 1 10 100 1000
74
0 3 6 9 12 15 Frequency (kHz)
Load Current (A)
Figure 21. Efficiency vs Load Current Figure 22. Loop Respons,\ﬁ 60 kHz Bandwidth, 54° Phase
argin
Tek  Gtopped 448 fcys 18 Feh 11 14:21:36 @ngj
TPSSE1Z1EVM-G0TET
Curs1 Pos
Cutpur Ripgle Yin = 14Y, Your = 1.2Y, lout = 154
Curs2 Pos
| ™ 4
/ A" Ny, =
chi 200mY  Bw M 1.0ps 50GS4 200psdt
A Chl # 36mY
Figure 23. Output Ripple 20 mV/div, 1.0 ps/div, 20 MHz Bandwidth, AC Coupled
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Table 3. List of Materials for TPS56221 Design Example

ggsﬁ'éii'\%a QTY | VALUE DESCRIPTION SIZE | PART NUMBER | MANUFACTURER
C1 3 22 uF Capacitor, Ceramic, 25V, X5R, 20% 1210 Std Std
C4 1 100 pF Capacitor, Aluminum, 16VDC, +20% D8 EEEFP1C101AP | Panasonic
C5 1 1.0 yF Capacitor, Ceramic, 25V, X7R, 20% 0805 Std Std
C6 1 3.3 uF Capacitor, Ceramic, 25V, X7R, 20% 0805 Std Std
Cc7 4 10 yF Capacitor, Ceramic, 25V, X7R, 20% 1206 Std Std
C11 1 1.0 yF Capacitor, Ceramic, 25V, X5R, 20% 0805 Std Std
Ci12 1 4.7 yF Capacitor, Ceramic, 10V, X5R, 20% 0805 Std Std
C13 1 22 yF Capacitor, Ceramic, 16V, X7R, 20% 0402 Std Std
Cl4 1 100 pF Capacitor, Ceramic, 16V, X7R, 20% 0402 Std Std
C15 1 1000 pF Capacitor, Ceramic, 25V, X7R, 10% 0402 Std Std
Cl6 1 22 pF Capacitor, Ceramic, 25V, C0G, 10% 0402 Std Std
C17 1 470 pF Capacitor, Ceramic, 25V, C0G, 10% 0402 Std Std
Cc18 2 22 uF Capacitor, Ceramic, 6.3V, X5R, 20% 1206 Std Std
C20 1 10 yF Capacitor, Ceramic, 6.3V, X5R, 20% 0805 Std Std
Cc21 5 47 uF Capacitor, Ceramic, 6.3V, X5R, 20% 1210 Std Vishay
L1 1 320 nH IND, SMT Power +15% 76x7.4 PG0871.681NL Pulse
mm
R1 1 2.87 kQ Resistor, Chip, 1/16W, 1% 0402 Std Std
R2 1 510 Resistor, Chip, 1/16W, 1% 0402 Std Std
R3 1 22.1 kQ Resistor, Chip, 1/16W, 1% 0402 Std Std
R4 1 20.5 kQ Resistor, Chip, 1/16W, 1% 0402 Std Std
R6 1 1.27 kQ Resistor, Chip, 1/16W, 1% 0402 Std Std
R7 1 20.5 kQ Resistor, Chip, 1/16W, 1% 0402 Std Std
U1l 1 'lgFC’;:S(SlZl ignsye?tg? kHz, synchronous buck GQEN52n?m TPS56121DQP TI
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (3) Samples
Drawing Ball Finish (Requires Login)
TPS56121DQPR ACTIVE SON DQP 22 2500 Pb-Free (RoHS CU SN Level-2-260C-1 YEAR
Exempt)
TPS56121DQPT ACTIVE SON DQP 22 250 TBD Call T Call TI

® 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 Sh/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): TlI'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 Sh/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.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and 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
s |+ KO [¢—P1—
OO0 006 0O T
& © ’H Bo W
Reel X | — l
Diameter
Cavity +I A0 |<—
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
—f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O OO0 O OO0 O O?——Sprocket Holes
1
I
v ® e
4--9--A
Q3 1 Q4 User Direction of Feed
%
T
N
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 SON DQP 22 2500 330.0 12.4 5.3 6.3 18 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
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4
///
// S
/\g\‘ /}#\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS56121DQPR SON DQP 22 2500 346.0 346.0 29.0
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MECHANICAL DATA

DQP (R—PSON—-N22) PLASTIC SMALL OUTLINE NO—-LEAD

4,90

PIN 1 INDEX AREA/

TOP AND BOTTOM

« 2.90 REF > 1,30 MAX — 1,52 MAX

0,50 REF
] o

L N Y I A

‘ t 0,20 REF.

U U U U U U U U U u AEXPOSED METALIZED

FEATURE (4)
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Bottom View

4210472/C 10/10

NOTES:  A. Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
C. Small Qutline No—Lead (SON) package configuration.

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

ﬁ Metalized features are supplier options and may not be on the package.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered 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 TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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