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Figure 2. Smallest Solution Size Application

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.
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‘ 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.

AVAILABLE DEVICE OPTION

—40°C to 85°C TPS61256 5.0V

PACKAGE
OUTPUT DEVICE
Ta PART NUMBER® ORDERING®@ MARKING
VOLTAGE SPECIFIC FEATURES CHIP CODE
Supports 5V, up to 1500mA peak loading
TPS61253 5.0V down 10 3.3V input voltage TPS61253YFF SBF
TPS61254 4.5V Supports 4.5V/800mA loading TPS61254YFF QWR

down to 2.65V input voltage
TPS61255C) 3.75V TPS61255YFF Qws

Supports 5V/900mA loading
down to 3.3V input voltage

TPS61257®) 4.3V TPS61257YFF RAO

Supports 4.5V, up to 1500mA peak loading
down to 3.3V input voltage

TPS61256YFF RAV

TPS61258 4.5V TPS61258YFF SAZ

TPS61259 5.1V Supports 5.1V, up to 1500mA peak loading

down to 3.3V input voltage TPS61259YFF SAY

)
@

©)

For detailed ordering information please check the PACKAGE OPTION ADDENDUM section at the end of this datasheet.

The YFF package is available in tape and reel. Add a R suffix (e.g. TPS61254YFFR) to order quantities of 3000 parts. Add a T suffix
(e.g. TPS61254YFFT) to order quantities of 250 parts.

Product preview.Contact T factory for more information

ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)®

UNIT

Input voltage Voltage at VIN®, vouT®, sw@ EN®@ Bp@ -03t07 \Y

Continuous average current into SW 1.8 A
Input current - 7

Peak current into SW ) 35 A
Power dissipation Internally limited

Operating temperature range, Ta © —40 to 85 °C
Temperature range Operating virtual junction, T; —40 to 150 °C

Storage temperature range, Ty —65 to 150 °C

Human Body Model - (HBM) 2000 \%
ESD rating © Charge Device Model - (CDM) 1000 \Y

Machine Model - (MM) 200 \%

(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 conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods my affect device reliability.

(2) All voltages are with respect to network ground terminal.

(3) Limit the junction temperature to 105°C for continuous operation at maximum output power.

(4) Limit the junction temperature to 125°C for 5% duty cycle operation.

(5) In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may
have to be derated. Maximum ambient temperature (Tamax) iS dependent on the maximum operating junction temperature (Tjmax)), the
maximum power dissipation of the device in the application (Ppmax)), and the junction-to-ambient thermal resistance of the part/package
in the application (6;4), as given by the following equation: Tamax= Tymax—(63a X Ppmax)- TO achieve optimum performance, it is
recommended to operate the device with a maximum junction temperature of 105°C.

(6) The human body model is a 100-pF capacitor discharged through a 1.5-kQ resistor into each pin. The machine model is a 200-pF
capacitor discharged directly into each pin.

2 Copyright © 2011-2012, Texas Instruments Incorporated
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RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX | UNIT

TPS61253 2.65M 4.85
TPS61254 25 4.35

\ Input voltage range TPS61256 23 4.85 Y
TPS61257 25 4.15
TPS61258 2.650 4.35
TPS61259 2.650 4.85

R Minimum resistive load for start-up TPS6125X 55 Q

L Inductance 0.7 1.0 29| pH

Co Output capacitance 35 50| WF

Ta Ambient temperature -40 85| °C

T; Operating junction temperature -40 125| °C

(1) Up to 1000mA peak output current.

THERMAL INFORMATION

TPS6125x
THERMAL METRIC® YFF UNIT
9 PINS

03a Junction-to-ambient thermal resistance 110

B3ctop Junction-to-case (top) thermal resistance

038 Junction-to-board thermal resistance 35 .

Wit Junction-to-top characterization parameter cw

Wis Junction-to-board characterization parameter 50

B3chot Junction-to-case (bottom) thermal resistance

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

ELECTRICAL CHARACTERISTICS

Minimum and maximum values are at V| = 2.3V to 5.5V, Vgur = 4.5V (or V,\, whichever is higher), EN = 1.8V, T, = —40°C to
85°C; Circuit of Parameter Measurement Information section (unless otherwise noted). Typical values are at V,y = 3.6V, Vgour
=4.5V, EN = 1.8V, T, = 25°C (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX| UNIT
SUPPLY CURRENT
Operating quiescent current
info Vi g4 lout = OMA, V)y = 3.6V 30 45 HA
- - EN = V)y, BP = GND
gfoe(?tmg quiescent current Device not switching 7 15 uA
lo ouT _ TPS6125x
n m nt curren
ﬁ]tt% 3,?\,)/ ode quiescent current lour = OMA, Viry = Vour = 3.6V 11 20 LA
- EN = GND, BP = V|y
_Standby mode quiescent current Device not switching 95 15 WA
into VOUT
Isp Shutdown current TPS6125x | EN = GND, BP = GND 085 5.0 pA
Falling 2.0 2.1 \%
Vuvio Under-voltage lockout threshold | TPS6125x -
Hysteresis 0.1 Vv
Copyright © 2011-2012, Texas Instruments Incorporated 3
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ELECTRICAL CHARACTERISTICS (continued)

Minimum and maximum values are at V| = 2.3V to 5.5V, Vgur = 4.5V (or V,, whichever is higher), EN = 1.8V, T, = —40°C to
85°C; Circuit of Parameter Measurement Information section (unless otherwise noted). Typical values are at V,y = 3.6V, Vgour

=4.5V, EN = 1.8V, T, = 25°C (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX| UNIT
ENABLE, BYPASS
Vi Low-level input voltage 0.4 \%
Viy High-level input voltage TPS6125x 1.0 \%
likg Input leakage current Input connected to GND or Vg 0.5 HA
OUTPUT
2.3V V) £4.85Y, gyt = 0mA
PWM operation. Open Loop 4.92 5 508
< < < <
:;s;ﬂl/;\\//\;',:,ﬂ_ 4.85:_/, OmA < Igyt < 1000mA 485 5 52
Regulated DC output voltage TPS61253 operation Y
3.3V = Vy £4.85V, 0mA < gyt < 1500mA
PFM/PWM operation
Pulsed load test; Pulse width < 20ms; 475 5 52
Duty cycle < 10%
< < =
2.3V < VIN —435V, IOUT OmA 4.43 45 457
PWM operation. Open Loop
Regulated DC output voltage TPS61254 \%
2.65V < V) £ 4.35V, OmA < Igyt < 800mA 44 45 465
PFM/PWM operation ’ ' '
< < =
2.3V < VIN —485V, IOUT OmA 4.92 5 508
PWM operation. Open Loop
Regulated DC output voltage TPS61256 \%
2.65V < V) £ 4.85V, OMA < Igyt < 700mA 49 5 52
vV PFM/PWM operation ’ '
out
2.3V <V £4.15Y, lgyt = 0mA
PWM operation. Open loop. 4.23 43 437
Regulated DC output voltage TPS61257 \%
2.65V < V) £ 4.15V, OmA < Igyt < 800mA 42 43 445
PFM/PWM operation ’ ' '
2.3V <V £4.35Y, gyt = 0mA
PWM operation. Open Loop 4.43 45 457
Regulated DC output voltage TPS61258 | 3-3V < VN £4.35V, OMA < loyt < 1500mA v
PFM/PWM operation
Pulsed load test; Pulse width < 20ms; 4.3 45 465
Duty cycle < 10%
2.3V <V £4.85Y, gyt = 0mA
PWM operation. Open Loop 5.02 51 518
Regulated DC output voltage TPS61259 | 3.4V < VN <4.85V, OMA < loyt < 1500mA v
PFM/PWM operation
Pulsed load test; Pulse width < 20ms; 475 5183
Duty cycle < 10%
Power-save mode output ripple . _
voltage PFM operation, loyt = 1mA 45
- TPS61254
Standby mode output ripple TPS61258 | EN = GND, BP = Vpy, lour = OMA 80 mVpk
voltage
AV PWM mode output ripple voltage PWM operation, loyt = 200mA 20
out -
Pol\t/ver—save mode output ripple PFM operation, lour = 1mA 50
voltage TPS61253
Standby mode output ripple TPS61256 EN = GND, BP = Vjy, lour = OMA 80 mVpk
voltage TPS61259
PWM mode output ripple voltage PWM operation, lgyt = 200mA 20
4 Copyright © 2011-2012, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)

Minimum and maximum values are at V| = 2.3V to 5.5V, Vgur = 4.5V (or V,, whichever is higher), EN = 1.8V, T, = —40°C to
85°C; Circuit of Parameter Measurement Information section (unless otherwise noted). Typical values are at V,y = 3.6V, Vgour
=4.5V, EN = 1.8V, T, = 25°C (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX UNIT
POWER SWITCH
High-side MOSFET on resistance 170
I'bs(on) - - TPS6125x mQ
Low-side MOSFET on resistance 100
Reverse leakage current into _ _
likg VOUT TPS6125x EN = GND, BP = GND 3.5 HA
TPS61253
TPS61258 | EN = V\, BP = GND. Open Loop 3300 3620 3900
TPS61259
Switch valley current limit mA
| TPS61254
LM TPS61256 | EN = V,\, BP = GND. Open Loop 1900 2150 2400
TPS61257
Pre-charge mode current limit _ _
. TPS6125x EN = GND, BP =V 165 215 265 mA
(linear mode)
Overtemperature protection 140 °C
- TPS6125x
Overtemperature hysteresis 20 °C
OSCILLATOR
fosc Oscillator frequency TPS6125x | VN = 3.6V Vourt = 4.5V 35 MHz
TIMING
BP = GND, lgyr = OmA.
TPS6125x Time from active EN to start switching 70 HS
TPS61253
Start-up time TPS61254 _ B
TPS61256 _?_P - ?ND' lour -EonA.V 400 s
TPS61258 ime from active to Vout
TPS61259

Copyright © 2011-2012, Texas Instruments Incorporated 5
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PIN ASSIGNMENTS

TOP VIEW BOTTOM VIEW
s
(1 (82 (B3
RACANCICIO)

Table 1. TERMINAL FUNCTIONS

TERMINAL
lfe} DESCRIPTION
NAME NO.
This is the mode selection pin of the device and is only of relevance when the device is disabled
(EN = Low). This pin must not be left floating and must be terminated. Refer to Table 3 for more
details.
BP 3 ! BP = Low: The device is in true shutdown mode.
BP = High: The output is biased at the input voltage level with a maximum load current capability of
ca. 150mA. In standby mode, the device only consumes a standby current of 22pA (typ).
This is the enable pin of the device. Connecting this pin to ground forces the device into shutdown
EN B3 | mode. Pulling this pin high enables the device. This pin must not be left floating and must be
terminated.
GND C1, C2 Ground pin.
SW B1, B2 1/0 | This is the switch pin of the converter and is connected to the drain of the internal Power MOSFETS.
VIN A3 | Power supply input.
VOUT Al, A2 (0] Boost converter output.
FUNCTIONAL BLOCK DIAGRAM
SW
0
f\ ’J]
VOUT
LT L
VIN I:] E’ NMOSIﬁ- PMOS
S 1 Valley
o = Current
8 Sense %
Modulator i [
5t
<
Softstart
]
Thermal = =
EN[ —
Control Shutdown
:| Logic Undervoltage|
BP I: Lockout
—
LI
GND
6 Copyright © 2011-2012, Texas Instruments Incorporated
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PARAMETER MEASUREMENT INFORMATION
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L TPS6125x
SwW VOouT 4 C)VOUT
1uH
VIN VIN BP —
—4_cC,
G EN GND T 1ouF
4.7 uF T |
EN BP
Shutdown, True Load Disconnect (SD) 0 0
Standby Mode, Output Pre-Biased (SM) 0 1
Boost Operating Mode (BST) 1 X
Table 2. List of Components
REFERENCE DESCRIPTION PART NUMBER, MANUFACTURER
L@ 1.0pH, 1.8A, 48mQ, 3.2 x 2.5 x 1.0mm max. height LOM32PN1ROMGO, muRata
L® 1.0pH, 3.7A, 37mQ, 3.2 x 2.5 x 1.2mm max. height DFE322512C, TOKO
C 4.7uF, 6.3V, 0402, X5R ceramic GRM155R60J475M, muRata
Co 10pF, 6.3V, 0603, X5R ceramic GRM188R60J106ME84, muRata

(1) Inductor used to characterize TPS61254YFF, TPS61255YFF, TPS61256YFF and TPS61257YFF devices.
(2) Inductor used to characterize TPS61253YFF, TPS61258YFF and TPS61259YFF devices.

Copyright © 2011-2012, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS
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EFFICIENCY EFFICIENCY
Vs Vs
OUTPUT CURRENT OUTPUT CURRENT
100 I TTTTT 100 T T T T
V=45V I ] Vo =5V (TPS61256) V=45V
95 = 95!-PFM/PWM Operation |
’// = = M _EL__,-— ey \\
90 \‘/’ REES = :::/;r N 90 H — et RN ]
| i — N e NN
/| il N A\ | W
85 A AL _ | 85 z tl \ \]
° A X V=33V ‘ / 1l LR \ “
s A WHV_ y e . / M H V=36V
> 80 I V|=2.7V |_3 77”7v|—36V” ? 80— ‘HH (UREEA V,=3.3V
My s ol i
= 75 c 1=
£ V=25V g™ il
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PFM/PWM Operation
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0.1 1 10 100 1000 0.1 1 10 100 1000
lg - Output Current - mA lg - Output Current - mA
Figure 3. Figure 4.
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EFFICIENCY EFFICIENCY
Vs Vs
OUTPUT CURRENT INPUT VOLTAGE
100 SBRALL 100 ]
Vl =42V [:}:18 (o]
95 M= PFM/PWM Operation !
[N og| T TYWM O o
ALl 1 //\,
90 i 94| lo=300mA | /
85 la 92 M ‘ i ,4;7 \
V L~
VvV, =33V ! 90— ‘ — X
R o
. 80 R gg| ),2/ lo =10 mA
>
1) > P lo =100 mA
g 75 g 86 // (o]
'G 9 84 /) 3
E s vV
w 70if 5 82 50
i go| 'o = 800 mA
65(
i 78
60 76
Vo =5V (TPS61253),
55|—lg = Pulse Operation (tpulse =20 ms, 8 = 10%), 4 74
PFM/PWM Operation 72
0 1 10 100 1000 10000 2.52729313.33.53.73.94143454749515355
lg - Output Current - mA V| - Input Voltage - V
Figure 5. Figure 6.
EFFICIENCY DC OUTPUT VOLTAGE
Vs Vs
OUTPUT CURRENT OUTPUT CURRENT
100 V=27V I 4.59 AR
154 e V=45V
90 V=33V LN
I ZWTA d
80 / V=3V
S 455
LU : A
70 ‘ ISR o =1 N \
/ V=36V o NN
2 g Hlv,=45V S
5 // S V=25V
5 |
] 3 450 | SmEE
2 3 V,=3.6V |
w 40 o
a
30 °
> 4.46
" |
‘0 Vo~ Vi i Vo=45V .
Standby Operation PFM/PWM Operation
0 T 4.41 L Lol
0.01 0.1 1 10 100 0.1 1 10 100 1000
lg - Output Current - mA lg - Output Current - mA
Figure 7. Figure 8.
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DETAILED DESCRIPTION

OPERATION

The TPS6125x synchronous step-up converter typically operates at a quasi-constant 3.5-MHz frequency pulse
width modulation (PWM) at moderate to heavy load currents. At light load currents, the TPS6125x converter
operates in power-save mode with pulse frequency modulation (PFM).

During PWM operation, the converter uses a novel quasi-constant on-time valley current mode control scheme to
achieve excellent line/load regulation and allows the use of a small ceramic inductor and capacitors. Based on
the V\\/VouT ratio, a simple circuit predicts the required on-time.

At the beginning of the switching cycle, the low-side N-MOS switch is turned-on and the inductor current ramps
up to a peak current that is defined by the on-time and the inductance. In the second phase, once the on-timer
has expired, the rectifier is turned-on and the inductor current decays to a preset valley current threshold. Finally,
the switching cycle repeats by setting the on timer again and activating the low-side N-MOS switch.

In general, a dc/dc step-up converter can only operate in "true" boost mode, i.e. the output “boosted” by a certain
amount above the input voltage. The TPS6125x device operates differently as it can smoothly transition in and
out of zero duty cycle operation. Therefore the output can be kept as close as possible to its regulation limits
even though the converter is subject to an input voltage that tends to be excessive. In this operation mode, the
output current capability of the regulator is limited to ca. 150mA. Refer to the typical characteristics section (DC
Output Voltage vs. Input Voltage) for further details.

The current mode architecture with adaptive slope compensation provides excellent transient load response,
requiring minimal output filtering. Internal soft-start and loop compensation simplifies the design process while
minimizing the number of external components.

POWER-SAVE MODE

The TPS6125X integrates a power-save mode to improve efficiency at light load. In power save mode the
converter only operates when the output voltage trips below a set threshold voltage.

It ramps up the output voltage with several pulses and goes into power save mode once the output voltage
exceeds the set threshold voltage.

The PFM mode is left and PWM mode entered in case the output current can not longer be supported in PFM
mode.

Qutput
' Voltage

F

PFM mode at light load

-
L

4 PFM ripple
T e B §

1.006 X VouT Nom

AN NN ANV

.

P:"JM mode at heavy Ic;ad
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STANDBY MODE

The TPS6125x device is able to maintain its output biased at the input voltage level. In so called standby mode
(EN = 0, BP = 1), the synchronous rectifier is current limited to ca. 150mA allowing an external load (e.g. audio
amplifier) to be powered with a restricted supply. The output voltage is slightly reduced due to voltage drop
across the rectifier MOSFET and the inductor DC resistance. The device consumes only a standby current of

22pA (typ).

Table 3. Operating Mode Control

OPERATING MODE EN BP
Shutdown, True Load Disconnect (SD) 0 0
Standby Mode, Output Pre-Biased (SM) 0 1

1 0
Boost Operating Mode (BST) 1 1

CURRENT LIMIT OPERATION

The TPS6125x device employs a valley current limit sensing scheme. Current limit detection occurs during the
off-time by sensing of the voltage drop across the synchronous rectifier.

The output voltage is reduced as the power stage of the device operates in a constant current mode. The
maximum continuous output current (loyr(cy)), before entering current limit (CL) operation, can be defined by
Equation 1.

1
IOUT(CL) =(1-D)- (IVALLEY+§ Al)

(1)
The duty cycle (D) can be estimated by Equation 2
D=1- VIN °n
Vour ©)
and the peak-to-peak current ripple (Al,) is calculated by Equation 3
A]Lzﬁ . 2
L f ©)

The output current, loytpc), is the average of the rectifier ripple current waveform. When the load current is
increased such that the lower peak is above the current limit threshold, the off-time is increased to allow the
current to decrease to this threshold before the next on-time begins (so called frequency fold-back mechanism).
When the current limit is reached the output voltage decreases during further load increase.

Figure 36 illustrates the inductor and rectifier current waveforms during current limit operation.

r lPEAK

Current Limit » » | -
Threshold VALLEY ~ 'LIM

Rectifier
Current

— lout(cy)

loutpe) - - =1 - 1- v\ | ¢ -

Increased

Load Curreny> ,,,,,,,,,,,,,,,,, IInc)
Inductorr —

Current

Figure 36. Inductor/Rectifier Currents in Current Limit Operation
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ENABLE

The TPS6125x device starts operation when EN is set high and starts up with the soft-start sequence. For proper
operation, the EN pin must be terminated and must not be left floating.

Pulling the EN and BP pins low forces the device in shutdown, with a shutdown current of typically 1pA. In this
mode, true load disconnect between the battery and load prevents current flow from V,y to Vour, as well as
reverse flow from Vgt to V.

Pulling the EN pin low and the BP pin high forces the device in standby mode, refer to the STANDBY MODE
section for more details.

LOAD DISCONNECT AND REVERSE CURRENT PROTECTION

Regular boost converters do not disconnect the load from the input supply and therefore a connected battery will
be discharge during shutdown. The advantage of TPS6125x is that this converter is disconnecting the output
from the input of the power supply when it is disabled (so called true shutdown mode). In case of a connected
battery it prevents it from being discharge during shutdown of the converter.

SOFTSTART

The TPS6125x device has an internal softstart circuit that limits the inrush current during start-up. The first step
in the start-up cycle is the pre-charge phase. During pre-charge, the rectifying switch is turned on until the output
capacitor is charged to a value close to the input voltage. The rectifying switch is current limited (approx. 200mA)
during this phase. This mechanism is used to limit the output current under short-circuit condition.

Once the output capacitor has been biased to the input voltage, the converter starts switching. The soft-start
system progressively increases the on-time as a function of the input-to-output voltage ratio. As soon as the
output voltage is reached, the regulation loop takes control and full current operation is permitted.

UNDERVOLTAGE LOCKOUT

The under voltage lockout circuit prevents the device from malfunctioning at low input voltages and the battery
from excessive discharge. It disables the output stage of the converter once the falling V,y trips the under-voltage
lockout threshold Vo which is typically 2.0V. The device starts operation once the rising V,y trips Vyvio
threshold plus its hysteresis of 100 mV at typ. 2.1V.

THERMAL REGULATION

The TPS6125x device contains a thermal regulation loop that monitors the die temperature during the pre-charge
phase. If the die temperature rises to high values of about 110 °C, the device automatically reduces the current
to prevent the die temperature from increasing further. Once the die temperature drops about 10 °C below the
threshold, the device will automatically increase the current to the target value. This function also reduces the
current during a short-circuit condition.

THERMAL SHUTDOWN

As soon as the junction temperature, T;, exceeds 140°C (typ.) the device goes into thermal shutdown. In this
mode, the high-side and low-side MOSFETs are turned-off. When the junction temperature falls below the
thermal shutdown minus its hysteresis, the device continuous the operation.
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APPLICATION INFORMATION

INDUCTOR SELECTION

A boost converter normally requires two main passive components for storing energy during the conversion, an
inductor and an output capacitor are required. It is advisable to select an inductor with a saturation current rating
higher than the possible peak current flowing through the power switches.

The inductor peak current varies as a function of the load, the input and output voltages and can be estimated
using Equation 4.
| peary = Vi +D + lour with D =1- Ve m
2+feL (1-D)+n Vour 4

Selecting an inductor with insufficient saturation performance can lead to excessive peak current in the
converter. This could eventually harm the device and reduce it's reliability.

When selecting the inductor, as well as the inductance, parameters of importance are: maximum current rating,
series resistance, and operating temperature. The inductor DC current rating should be greater (by some margin)
than the maximum input average current, refer to Equation 5 and CURRENT LIMIT OPERATION section for
more details.

®)

The TPS6125x series of step-up converters have been optimized to operate with a effective inductance in the
range of 0.7uH to 2.9uH and with output capacitors in the range of 10uF to 47uF. The internal compensation is
optimized for an output filter of L = 1uH and Co = 10uF. Larger or smaller inductor values can be used to
optimize the performance of the device for specific operating conditions. For more details, see the CHECKING
LOOP STABILITY section.

In high-frequency converter applications, the efficiency is essentially affected by the inductor AC resistance (i.e.
quality factor) and to a smaller extent by the inductor DCR value. To achieve high efficiency operation, care
should be taken in selecting inductors featuring a quality factor above 25 at the switching frequency. Increasing
the inductor value produces lower RMS currents, but degrades transient response. For a given physical inductor
size, increased inductance usually results in an inductor with lower saturation current.

The total losses of the coil consist of both the losses in the DC resistance, Rppc) , and the following frequency-
dependent components:

e The losses in the core material (magnetic hysteresis loss, especially at high switching frequencies)

» Additional losses in the conductor from the skin effect (current displacement at high frequencies)

» Magnetic field losses of the neighboring windings (proximity effect)

* Radiation losses

The following inductor series from different suppliers have been used with the TPS6125x converters.

Table 4. List of Inductors

MANUFACTURER SERIES DIMENSIONS (in mm)
HITACHI METALS KSLI-322512BL1-1R0 3.2 x 2.5 x 1.2 max. height
LQM32PN1ROMGO 3.2 x 2.5 x 1.0 max. height
MURATA -
LQM2HPN1ROMGO 2.5 x 2.0 x 1.0 max. height
TOKO DFE322512C-1R0 3.2 x 2.5 x 1.2 max. height
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OUTPUT CAPACITOR

For the output capacitor, it is recommended to use small ceramic capacitors placed as close as possible to the
VOUT and GND pins of the IC. If, for any reason, the application requires the use of large capacitors which can
not be placed close to the IC, using a smaller ceramic capacitor in parallel to the large one is highly
recommended. This small capacitor should be placed as close as possible to the Voyr and GND pins of the IC.
To get an estimate of the recommended minimum output capacitance, Equation 6 can be used.

IOUT * (VOUT - VlN)
f . AV . VOUT (6)

CMIN =

Where f is the switching frequency which is 3.5MHz (typ.) and AV is the maximum allowed output ripple.

With a chosen ripple voltage of 20mV, a minimum effective capacitance of 9uF is needed. The total ripple is
larger due to the ESR of the output capacitor. This additional component of the ripple can be calculated using
Equation 7

VESR = IouT * RESR (7

An MLCC capacitor with twice the value of the calculated minimum should be used due to DC bias effects. This
is required to maintain control loop stability. The output capacitor requires either an X7R or X5R dielectric. Y5V
and Z5U dielectric capacitors, aside from their wide variation in capacitance over temperature, become resistive
at high frequencies. There are no additional requirements regarding minimum ESR. Larger capacitors cause
lower output voltage ripple as well as lower output voltage drop during load transients but the total output
capacitance value should not exceed ca. 50pF.

DC bias effect: high cap. ceramic capacitors exhibit DC bias effects, which have a strong influence on the
device's effective capacitance. Therefore the right capacitor value has to be chosen very carefully. Package size
and voltage rating in combination with material are responsible for differences between the rated capacitor value
and it's effective capacitance. For instance, a 10pF X5R 6.3V 0603 MLCC capacitor would typically show an
effective capacitance of less than 4puF (under 5V bias condition, high temperature).

In applications featuring high pulsed load currents (e.g. TPS61253 based solution) it is recommended to run the
converter with a reasonable amount of effective output capacitance, for instance x2 10puF X5R 6.3V 0603 MLCC
capacitors connected in parallel.

INPUT CAPACITOR

Multilayer ceramic capacitors are an excellent choice for input decoupling of the step-up converter as they have
extremely low ESR and are available in small footprints. Input capacitors should be located as close as possible
to the device. While a 4.7uF input capacitor is sufficient for most applications, larger values may be used to
reduce input current ripple without limitations.

Take care when using only ceramic input capacitors. When a ceramic capacitor is used at the input and the
power is being supplied through long wires, such as from a wall adapter, a load step at the output can induce
ringing at the VIN pin. This ringing can couple to the output and be mistaken as loop instability or could even
damage the part. Additional "bulk" capacitance (electrolytic or tantalum) should in this circumstance be placed
between C,; and the power source lead to reduce ringing than can occur between the inductance of the power
source leads and C,.
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CHECKING LOOP STABILITY

The first step of circuit and stability evaluation is to look from a steady-state perspective at the following signals:
e Switching node, SW

* Inductor current, I,

 Output ripple voltage, Voyr(ac)

These are the basic signals that need to be measured when evaluating a switching converter. When the
switching waveform shows large duty cycle jitter or the output voltage or inductor current shows oscillations, the
regulation loop may be unstable. This is often a result of board layout and/or L-C combination.

As a next step in the evaluation of the regulation loop, the load transient response is tested. The time between
the application of the load transient and the turn on of the P-channel MOSFET, the output capacitor must supply
all of the current required by the load. Voyr immediately shifts by an amount equal to Al oap) X ESR, where ESR
is the effective series resistance of Coyr. Aloap) begins to charge or discharge Coyr generating a feedback
error signal used by the regulator to return Vgt to its steady-state value. The results are most easily interpreted
when the device operates in PWM mode.

During this recovery time, Voyur can be monitored for settling time, overshoot or ringing that helps judge the
converter’s stability. Without any ringing, the loop has usually more than 45° of phase margin. Because the
damping factor of the circuitry is directly related to several resistive parameters (e.g., MOSFET rpg(qy)) that are
temperature dependant, the loop stability analysis has to be done over the input voltage range, load current
range, and temperature range.

LAYOUT CONSIDERATIONS

For all switching power supplies, the layout is an important step in the design, especially at high peak currents
and high switching frequencies. If the layout is not carefully done, the regulator could show stability problems as
well as EMI problems. Therefore, use wide and short traces for the main current path and for the power ground
tracks. The input capacitor, output capacitor, and the inductor should be placed as close as possible to the IC.
Use a common ground node for power ground and a different one for control ground to minimize the effects of
ground noise. Connect these ground nodes at any place close to the ground pins of the IC.

a
Figure 37. Suggested Layout (Top)
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THERMAL INFORMATION

Implementation of integrated circuits in low-profile and fine-pitch surface-mount packages typically requires
special attention to power dissipation. Many system-dependent issues such as thermal coupling, airflow, added
heat sinks and convection surfaces, and the presence of other heat-generating components affect the power-
dissipation limits of a given component.

Three basic approaches for enhancing thermal performance are listed below:
* Improving the power dissipation capability of the PCB design

e Improving the thermal coupling of the component to the PCB
» Introducing airflow in the system

As power demand in portable designs is more and more important, designers must figure the best trade-off
between efficiency, power dissipation and solution size. Due to integration and miniaturization, junction
temperature can increase significantly which could lead to bad application behaviors (i.e. premature thermal
shutdown or worst case reduce device reliability).

Junction-to-ambient thermal resistance is highly application and board-layout dependent. In applications where
high maximum power dissipation exists (e.g. TPS61253 or TPS61259 based solutions), special care must be
paid to thermal dissipation issues in board design. The device operating junction temperature (T,) should be kept
below 125°C.
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TYPICAL APPLICATION
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Figure 38. Combined Audio Amplifier Power Supply
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Figure 40. "Boosted" Stereo Audio Power Supply
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Figure 41. Single Cell Li-lon Power Solution for Tablet PCs featuring
"Boosted" Audio Power Supply and USB-OTG I/F
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Figure 42. Single Cell Li-lon Power Solution for Tablet PCs featuring x2 USB Host Ports, HDMI I/F
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PACKAGE SUMMARY

CHIP SCALE PACKAGE

(BOTTOM VIEW) CHIP SCALE PACKAGE

(TOP VIEW)
A
D Y(I:VICS
LLLL
® @ @ -

E

Code:

¢ YM - 2 digit date code

¢ S - assembly site code

¢ CC - chip code (see ordering table)
e LLLL - lot trace code

PACKAGE DIMENSIONS

The dimensions for the YFF-9 package are shown in Table 5. See the package drawing at the end of this data
sheet.

Table 5. YFF-9 Package Dimensions

Packaged Devices D E
TPS6125xYFF 1.206 +0.03 mm 1.306 +0.03 mm
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REVISION HISTORY
Note: Page numbers of current revision may differ from previous versions.

Changes from Original (September 2011) to Revision A Page
¢ Changed device TPS61256 tO ProQUCLION SEALUS .........ciiiiiiiiiiieeeaiiiiea e et e e e e e e et ee e e e e e e nteeeae e e aneaeeeeesasaeeaeaeeannseeeaeeeannsneeans 2
Changes from Revision A (October 2011) to Revision B Page
¢ Added TPS61253 and TPS61258 to data sheet header as production dEVICES ..........cceeviviiiiiiiiiiiee e 1
¢ Changed devices TPS61253 and TPS61258 t0 producCtion SEAUS ........ccoiuuiiiiaiiiiiiiee et e e 2
e Changed graphiC eNntity FOr FIGUIE 5 ....couuiiiiiiie ittt b e ettt e et e e b e e s a bt e e bt e e nnb e e e e nbr e e ebne e e nnnes 9
e Changed graphiC entity FOr FIGUIE 12 .......oiiiiiiiiiiie ettt ettt et e ettt e bt e e sa e e e s ettt e e bb e e e aab e e e s abe e e e bt e e e snbeeesbbeeeanbeeenae 10
e Changed graphiC entity fOr FIQUIE 15 ..ottt ettt e e e ettt e e e e ettt e e e e e e at et e e e e e anbeeeeaeaansaeeeaaeaanssneeaaeannnen 11
e Changed graphiC entity fOr FIQUIE 25 ... ...oi ittt e e et bt e e et e e e s bt e e bb e e e eabe e e e bbeeeaabeeenae 14
Changes from Revision B (May 2012) to Revision C Page
¢ Added TPS61259 to data sheet header as ProduCtiON EVICE ...........eeiiiiiiiiiiiie et e e 1
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )
TPS61253YFFR Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SBF
TPS61253YFFR.A Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SBF
TPS61253YFFT Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SBF
TPS61253YFFT.A Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SBF
TPS61254YFFR Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 QWR
TPS61254YFFR.A Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 QWR
TPS61254YFFR.B Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 QWR
TPS61254YFFT Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 QWR
TPS61254YFFT.A Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 QWR
TPS61254YFFT.B Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 QWR
TPS61256YFFR Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 RAV
TPS61256YFFR.A Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 RAV
TPS61256YFFR.B Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 RAV
TPS61256YFFT Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 RAV
TPS61256YFFT.A Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 RAV
TPS61256YFFT.B Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 RAV
TPS61258YFFR Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SAZ
TPS61258YFFR.A Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SAZ
TPS61258YFFT Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SAZ
TPS61258YFFT.A Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SAZ
TPS61259YFFR Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SAY
TPS61259YFFR.A Active Production DSBGA (YFF) | 9 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SAY
TPS61259YFFT Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SAY
TPS61259YFFT.A Active Production DSBGA (YFF) | 9 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 SAY

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

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.
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® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI 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
A |<— KO 4 P1—p|
IR T
© © ol Bo W
el |
. Diameter ' '
Cavity +| A0 |+
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
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*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS61253YFFR DSBGA YFF 9 3000 180.0 8.4 141 | 1.31 | 0.69 4.0 8.0 Q1
TPS61253YFFT DSBGA YFF 9 250 180.0 8.4 141 | 1.31 | 0.69 4.0 8.0 Q1
TPS61254YFFR DSBGA YFF 9 3000 180.0 8.4 141 | 1.31 | 0.69 4.0 8.0 Q1
TPS61254YFFT DSBGA YFF 9 250 180.0 8.4 141 | 1.31 | 0.69 4.0 8.0 Q1
TPS61256YFFR DSBGA YFF 9 3000 180.0 8.4 141 | 1.31 | 0.69 4.0 8.0 Q1
TPS61256YFFT DSBGA YFF 9 250 180.0 8.4 141 | 1.31 | 0.69 4.0 8.0 Q1
TPS61258YFFR DSBGA YFF 9 3000 180.0 8.4 141 | 1.31 | 0.69 4.0 8.0 Q1
TPS61258YFFT DSBGA YFF 9 250 180.0 8.4 141 | 1.31 | 0.69 4.0 8.0 Q1
TPS61259YFFR DSBGA YFF 9 3000 180.0 8.4 141 | 1.31 | 0.69 4.0 8.0 Q1
TPS61259YFFT DSBGA YFF 9 250 180.0 8.4 141 | 1.31 | 0.69 4.0 8.0 Q1
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*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS61253YFFR DSBGA YFF 9 3000 182.0 182.0 20.0
TPS61253YFFT DSBGA YFF 9 250 182.0 182.0 20.0
TPS61254YFFR DSBGA YFF 9 3000 182.0 182.0 20.0
TPS61254YFFT DSBGA YFF 9 250 182.0 182.0 20.0
TPS61256YFFR DSBGA YFF 9 3000 182.0 182.0 20.0
TPS61256YFFT DSBGA YFF 9 250 182.0 182.0 20.0
TPS61258YFFR DSBGA YFF 9 3000 182.0 182.0 20.0
TPS61258YFFT DSBGA YFF 9 250 182.0 182.0 20.0
TPS61259YFFR DSBGA YFF 9 3000 182.0 182.0 20.0
TPS61259YFFT DSBGA YFF 9 250 182.0 182.0 20.0
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PACKAGE OUTLINE
YFFO0009 DSBGA - 0.625 mm max height
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YFFO0009 DSBGA - 0.625 mm max height
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4219552/A 05/2016

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints. For more information,
see Texas Instruments literature number SNVAO09 (www.ti.com/lit/snva009).
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YFFO009

EXAMPLE STENCIL DESIGN
DSBGA - 0.625 mm max height
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SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X

4219552/A 05/2016

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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https://www.ti.com.cn/zh-cn/legal/terms-conditions/terms-of-sale.html
https://www.ti.com.cn/cn/lit/pdf/ZHCQ001
https://www.ti.com.cn/
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