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TPS6014x Low Power DC-DC Converter Regulated 5-V,
100-mA Charge Pump Voltage Tripler
1 Features 3 Description

* Regulated 5 V +4% Output Voltage
* Up to 100-mA Output Current

» 1.8-Vto 3.6-V Input Voltage Range
* 65-pA Quiescent Supply Current

* 0.05-pA Shutdown Current, Battery Is Isolated
From Load in Shutdown

» Integrated Low-Battery or Power-Good Indicator

e Low-Output Voltage Ripple Over Complete Output
Current Range

» Easy-to-Design With Low-EMI Power Supply
Because No Inductors Are Required

* Evaluation Module Available (TPS60140EVM-144)

e Available in a 6.5-mm x 4.4-mm 20-Pin HTSSOP
Package

2 Applications
* Replacement of DC-DC Converters With Inductors
in Battery-Powered Applications:
— Two Battery Cells to 5-V Conversions
— Portable Instruments
— Miniature Equipment
— Backup-Battery Boost Converters
— Medical Instruments
— 5-V Smart Card Supplies

Typical Application Schematic

Input TPS60140 Output
1.8Vto3.6V 5V, 100 mA
IN ouT
IN FB
LBI LBO
Warning
. CFi ] C1+ C2+ —1 c2
THEL T de1- - )T 22vF
2.2 uF
I ——ENABLE NC |[——
OFF/ON PGND GND

l_i

The TPS6014x step-up, regulated charge pumps
generate a 5-V 4% output voltage from a 1.8-V to
3.6-V input voltage range. The devices are typically
powered by two alkaline, NiCd, or NiMH battery cells
and provide an output current of minimum 100 mA
from a 2-V input. Only four external capacitors are
needed to build a complete voltage tripler charge
pump.

The devices regulate the output by using the pulse-
skip topology. The controller is optimized for lowest
output voltage ripple over the complete output current
range. The output peak current and therefore the
output voltage ripple are drastically reduced
compared to a conventional pulse-skip topology by
regulating the charge pump output resistance. At light
loads the maximum output resistance is limited to
assure a low quiescent current.

The TPS60140 includes a low-battery comparator
that issues a warning if the battery voltage drops
below a user-adjustable threshold voltage. The
TPS60141 features a power-good output that goes
active when the output voltage reaches 90% of its
nominal value.

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

PART NUMBER
TPS6014x

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

Efficiency vs Output Current
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5 Description (continued)

The logic shutdown function disables the converter, reduces the supply current to a maximum of 1 pA and
disconnects the output from the input. Special current-control circuitry prevents excessive current from being
drawn from the battery during start-up. This DC/DC converter requires no inductors, therefore, EMI is of little
concern. The TPS6014x operates over a free-air temperature range of —40°C to 85°C. It is available in the small,
thermally enhanced 20-pin HTSSOP package (PWP).
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6 Device Comparison Table

PART NUMBER

PACKAGE PACKAGE DESIGNATOR DEVICE FEATURES

TPS60140
TPS60141

20-pin thermally enhanced HTSSOP

Low-battery detector

PWP 2-cellto 5V, 100 mA

Power-good detector

7 Pin Configuration and Functions

PWP Package (TPS60140)

20 Pin-HTSSOP
Top View

PWP Package (TPS60141)
20 Pin-HTSSOP

Top View
GND 110 20 [T GND
GND I 2 19 [T GND GND [T ;O ?g T 1 GND
ENABLE CI{3 [~———-] 18 [IJ LBl GND LI L GND
FB CI]4 | | 17 13 LBO ENABLE L3 [~ 7 18 ELANC
ouT C]5 | | 16 FT3 NC FB CL{4 ! I ==
ci+ Efs | | 15 13 cax out s | | 16 FTI NG
+ +
INCH7 | U EaN cl+ LL{6 |15 c2
c1-Cds ————— 13 3 ce- INCLH7 M EEN
PGND 19 12 [T PGND GC1- I:I:I:Eg E 1] 0(2;—
PGND I 10 1 1 PeND PGND T PGND
PGND I} 10 11 11 PGND
Pin Functions
PIN
110 DESCRIPTION
NAME NO.
C1l+ — | Positive terminal of the flying capacitor C1
C1- — | Negative terminal of the flying capacitor C1
C2+ 15 — | Positive terminal of the flying capacitor C2
Cc2- 13 — | Negative terminal of the flying capacitor C2
ENABLE 3 | ENABLE input. Connect ENABLE to IN for normal operation. When ENABLE is a logic low, the device turns off and the
supply current decreases to 0.05 pA. The output is disconnected from the input when the device is placed in shutdown.
FB 2 | Feedback input. Connect FB to OUT as close to the load as possible to achieve best regulation. A resistive divider is on the
chip to match the output voltage to the internal reference voltage of 1.21 V.
GND L 22‘019’ — | Ground. Analog ground for internal reference and control circuitry. Connect to PGND through a short trace.
IN 7,14 | Supply input. Bypass IN to PGND with capacitor Cy. Connect both IN terminals through a short trace.
Low battery detector output (TPS60140) or power good output (TPS60141). Open-drain output of the low-battery indicator or
LBO/PG 17 O power-good comparator. It can sink 1 mA. Tl recommends a 100-kQ to 1-MQ pullup. Leave the terminal unconnected if the
low-battery or power-good detector function is not used.
Low battery detector input (TPS60140 only). The voltage applied to this terminal is compared to the internal 1.21-V reference
LBI/NC 18 | voltage. Connect the terminal to ground if the low-battery comparator is not used. On the TPS60141, this terminal is not
connected to the chip and should remain unconnected.
NC 16 — | Not connected
ouT 5 (¢] Regulated 5-V power output. Bypass OUT to PGND with the output filter capacitor Coy.
PGND 9-12 — | Power ground. The charge-pump current flows through this terminal. Connect all PGND terminals together.
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8 Specifications

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

MIN MAX UNIT
Supply voltage at IN to GND and PGND -0.3 3.6 \%
Voltage at OUT, ENABLE, LBI, LBO, PG, FB to GND and PGND -0.3 5.4 \%
Voltage at C1+ to GND -0.3 Vout + 0.3 \%
Voltage at C1-to GND -0.3 Viy +0.3 \%
Voltage at C2+ to GND -0.3 Vout + 0.3 \%
Voltage at C2—to GND -0.3 Viy +0.3 \%
Continuous output current 150 mA
T, Maximum junction temperature 150 °C
Tstg Storage temperature -55 150 °C

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

(2) VEenaeLEy Vie: Vo) and Vipg) can exceed Vy up to the maximum rated voltage without increasing the leakage current drawn by
these inputs.

8.2 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- 1500 \
c101®
(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.
8.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX UNIT
VN Input voltage 1.8 3.6 \Y
lomax  Continuous output current 100 mA
T, Operating junction temperature 125 °C
8.4 Thermal Information
TPS60140,
TPS60141
THERMAL METRIC® PWP (HTSSOP) UNIT
20 PINS
Raia Junction-to-ambient thermal resistance 42 °C/W
Raic(top) Junction-to-case (top) thermal resistance 23 °C/W
Reis Junction-to-board thermal resistance 20 °C/W
Wit Junction-to-top characterization parameter 0.6 °C/W
Wig Junction-to-board characterization parameter 20 °C/W
Raic(bot) Junction-to-case (bottom) thermal resistance 1.6 °C/W

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

Copyright © 2000-2015, Texas Instruments Incorporated

Product Folder Links: TPS60140 TPS60141

Submit Documentation Feedback 5


http://www.ti.com/product/tps60140?qgpn=tps60140
http://www.ti.com/product/tps60141?qgpn=tps60141
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVS273A&partnum=TPS60140
http://www.ti.com/product/tps60140?qgpn=tps60140
http://www.ti.com/product/tps60141?qgpn=tps60141

13 TEXAS
INSTRUMENTS
TPS60140, TPS60141

SLVS273A —FEBRUARY 2000—REVISED NOVEMBER 2015 www.ti.com

8.5 Electrical Characteristics

Cn=4.7UF,C1=C2=22pF, Cour = 10 yF® at T =

otherwise noted)

-40°C to 85°C, V\y =2V, FB = Vg1 and ENABLE = V5 (unless

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V(uvLo) Undervoltage lockout threshold Tc=25°C 1.6 18 \%
lomax Maximum continuous output current 100 mA
1.8V<Vy<2V, Vour Start-up=5V, 48 52
Vo Output voltage 0 < loyr < lomax/2, Tc = 0°C to 70°C ) ) \%
2V<V|y<36V,0<lgyr < lomax 4.8 5.2
lig(OUT) Output leakage current Vin= 2.4V, VenasLe) = GND 1| pA
lo Quiescent current (no-load input current) ViN=2.4V 65 90| MA
Iisp) Shutdown current Vin = 2.4V, VenapLey = GND 0.05 1| pA
fosc) Oscillator frequency 210 320 450 | kHz
Vi ENABLE input voltage low V=18V 0.3xV, \%
Viy ENABLE input voltage high Vin=3.6V 0.7 x V, \
likg(ENABLE) ENABLE input leakage current V(enasLe) = GND or Vi 0.01 01| pA
Output load regulation V'N_: 2'6 V. 1 mA <loyr < loyrmax, 0.003 %/mA
Tc =25°C
. . 2V<Vy<36V,Vour=5V: o
Output line regulation lour = 75 MA, Te = 25°C 0.08 %/
Iisc) Short-circuit current limit VNS 2.4V, Vour =0V, Tc =25°C 100 mA
Vy=18Vto22V,
V(trip,LBI) LBI trip voltage TPS60140 Hysteresis 0.8% for rising LBI voltage, 1.15 1.21 1.27 \%
Tc =0°Cto 70°C
IincLen LBI input current TPS60140 LBl =13V 20 100 nA
Voutso) LBO output voltage low® TPS60140 | Vg =0V, lso,sini = 1 MA 04| v
likg(LBO) LBO output leakage current TPS60140 | Vigy=13V,Vigg=5V 0.01 01| pA
V(TRIP,PG) Power-good trip voltage TPS60141 Tc=0°Cto 70°C 0.86 x Vg 0.90 x Vg 0.94 x Vg \%
Power-good trip voltage " —0° o
Vhys(PG) hysteresis TPS60141 | Vout ramping down, Tc = 0°C to 70°C 0.80%
Vout(re) Power-good output voltage low TPS60141 Vour= 0V, lpg sink = 1 MA 0.4 \%
likg(PG) Power-good leakage current TPS60141 Vour =5V, Veg =5V 0.01 01| pA
(1) All capacitors are ceramic capacitors of the type X5R or X7R.
(2) During start-up the LBO signal is invalid for the first 500 ps.
8.6 Typical Characteristics
75 330 ‘
TaA = -40°C
325
TA =85°C N
B 70 A E /
3 ’_,..-—-"""" ! // = 980
] [ 2 a2 L Ta =25°C
£ " T g _—
g 65| e g /
S gt g
o --'""-’d e /
> | L 315
g Ta = 25°C 3
5 60 8
(7] ‘_,...a-""_ =
1 el 2 310 Ta =85°C
TA =-40°C —
_8 /...r'___,.-o—'"'" A i o
8 305
50 300
18 20 22 24 26 28 30 32 34 36 18 20 22 24 26 28 3.0 32 34 36
V| - Input Voltage - V V| - Input Voltage - V
Figure 1. Quiescent Supply Current vs Input Voltage Figure 2. Oscillator Frequency vs Input Voltage
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9 Detailed Description

9.1 Overview

The TPS6014x devices regulate the output voltage using an improved pulse-skip topology. In pulse-skip mode
the error amplifier disables switching of the power stages when it detects an output voltage higher than 5 V. The
oscillator halts and the controller skips switching cycles. The error amplifier reactivates the oscillator and starts
switching of the power stages again when the output voltage drops below 5 V. The output resistance of the
charge pump is controlled to improve the ripple performance. This limits the output current to the minimum that is
necessary to sustain a regulated output voltage. The benefit is that the ripple performance is nearly as good as
with a linear-regulation topology.

At light loads a conventional pulse-skip regulation mode is used, but the charge pump output resistance is held
at a high level. The pulse-skip regulation minimizes the operating current because the charge pump does not
switch continuously and hence the gate-charge losses of the MOSFETSs are reduced. Additionally, all functions
except voltage reference, error amplifier, and low-battery or power-good comparator are deactivated when the
output is higher than 5 V. When switching is disabled by the error amplifier, the load is also isolated from the
input. This improved pulse-skip control topology is also referred to as active-cycle control.

9.2 Functional Block Diagrams

Teseo140
r 1
\ —— IN
\ Oscillator | C1+
\ N
\ \ J* c1
» , o T
\ > %
\ > —— +— PGND
| o Charge Pump ——— — IN
| Power Stage | c2+
1 Control + f
ENABLE | Circuit | L c2
\ \
\ VREF | C2-
| - ouT
} = = 4% PGND
\ 4 — FB
\ I LBO
| L |
\ Shutdown/ — Z I LBI
} Start-up Control . . }
\ = \
} 0.8- V| VREF }
\ 1 \
‘ - - = ‘
L —
GND
Figure 3. TPS60140 Functional Block Diagram
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Functional Block Diagrams (continued)
TPS60141 [———— -
———+— IN
Oscillator | C1+

C1
. o]
> f
> -+ PGND
o Charge Pump ——— IN
Power Stage | c2+
Control + |
ENABLE Circuit | 1
| C2
| €2- T
- ouT
= = —— PGND
T FB
PG

\

T

|

L, |

Shutdown/ - |
Start-up Control + }
= \

8. ) \

\

\

\

Figure 4. TPS60141 Functional Block Diagram

9.3 Feature Description

9.3.1 Undervoltage Lockout

The TPS6014x devices have an undervoltage lockout feature that deactivates the device and places it in
shutdown mode when the input voltage falls below 1.6 V.

9.3.2 Low-Battery Detector (TPS60140 Only)

The internal low-battery comparator trips at 1.21 V + 5% when the voltage on pin LBI ramps down. The voltage
V(rripy @t which the low battery warning is issued can be adjusted with a resistive divider as shown in Figure 5. Tl
recommends that the sum of resistors R1 and R2 to be in the 100-kQ to 1-MQ range. When choosing R1 and
R2, be aware of the input leakage current into the LBI terminal.

LBO is an open-drain output. TI recommends an external pullup resistor to OUT, in the 100-kQ to 1-MQ range.
During start-up, the LBO output signal is invalid for the first 500 ps. LBO is high impedance when the device is
disabled. If the low-battery comparator function is not used, connect LBI to ground and leave LBO unconnected.
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Feature Description (continued)

Vo

VBAT

V(TR|P) =1.21V x (1 + %j

Figure 5. Programming of the Low-Battery Comparator Trip Voltage

A 100-nF ceramic capacitor should be connected in parallel to R2 if large line transients are expected. These
voltage drops can inadvertently trigger the low-battery comparator and produce a wrong low-battery warning
signal at the LBO pin.

Formulas to calculate the resistive divider for low battery detection, with V( gy = 1.15 V to 1.27 V:

R2 =1MQx Mer
BAT 1)
R1=1MQ-R2 (2
Formulas to calculate the minimum and maximum trip voltage:

R1,...y +R2
Virip(min) = VLBI(min) X (m;)Z( )(maX)
max

(3)
V -V R‘](man) + Rz(mix)
trip(man) — VYLBI(man) X R2, .
(mix) (4)
Table 1. Recommended Values for the Resistive Divider From the E96 Series
(x1%)
VIV R1/kQ R2/kQ VrrippMIN/V VrripMAX/IV
1.8 357 732 1.700 1.902
1.9 365 634 1.799 2.016
2 412 634 1.883 2.112
2.1 432 590 1.975 2.219
2.2 442 536 2.08 2.338

9.3.3 Power-Good Detector (TPS60141)

The power-good (PG) terminal is an open-drain output that is pulled low when the output is out of regulation.
When the output rises to typically 90% of its nominal voltage, the power-good output is released. Power-good is
high impedance in shutdown. In normal operation an external pullup resistor must be connected between PG and
OUT. The resistor should be in the 100-kQ to 1-MQ range. If the power-good function is not used, the PG
terminal should remain unconnected.
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9.4 Device Functional Modes

9.4.1 Start-Up Procedure and Shutdown

During start-up (that is, when ENABLE is set from logic low to logic high), the output capacitor is charged up with
a limited current until the output voltage (Vo) reaches 0.8 x V,. When the start-up comparator detects this voltage
limit, the IC begins switching. This precharging of the output capacitor ensures a short start-up time. In addition,
the inrush current into an empty output capacitor is limited because the current through the switches is limited
before the charge pump starts switching.

Driving ENABLE low places the device in shutdown mode. This disables all switches, the oscillator, and control
logic. The device typically draws 0.05 pA of supply current in this mode. Leakage current drawn from the output
is as low as 1 pA (maximum). The device exits shutdown once ENABLE is set to a high level. When the device is
in shutdown, the load is isolated from the input.

9.4.2 Short-Circuit Protection

The TPS6014x devices are also short-circuit protected. The output current is limited to typically 100 mA during a
hard short-circuit condition at the output; that is, when Vgt is GND. In this case, the condition to enter the start-
up mode is met, the device stops switching and controls the on-resistance of the appropriate MOSFET switches
to limit the current.
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10 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.

10.1 Application Information

The TPS6014x charge pumps provide a regulated 5-V output from a 1.8-V to 3.6-V input voltage range. They
can deliver a maximum continuous load current of at least 100 mA at V, = 2 V minimum.

10.2 Typical Application

Input TPS60140 Output
1.8Vto3.6V 5V, 100 mA
IN ouT
IN FB
LBI LBO
— Warning
P " 2
THEL T o= ca-| T 22wF
2.2 uF
I —ENABLE NC |—
OFFION PGND GND

10.2.1 Design Requirements

%

Figure 6. Typical Application Schematic

Designed specifically for space-critical battery-powered applications, the complete charge pump circuit requires
only four external capacitors. The design guideline provides a component selection to operate the device within
the Recommended Operating Conditions.

Table 2 shows the list of components for the Application Curves.

Table 2. Components for Application Curves

REFERENCE | VALUE DESCRIPTION MANUFACTURER PART NUMBER
C1, C2 2.2 uF Ceramic flying capacitors Taiyo Yuden EMK316BJ225KL-T
Cin 4.7 pF Ceramic input capacitor Taiyo Yuden LMK316BJ475KL-T
Cout 10 uF Ceramic output capacitor Taiyo Yuden JMK316BJ106ML-T
R1 357 kQ LBI input voltage E96-Series
adjustment
LBI input voltage .
R2 619 kQ adjustment E96-Series
Pullup resistor for the
R3 1MQ open-drain output LBO
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10.2.2 Detailed Design Procedure

10.2.2.1 Capacitor Selection

The capacitance values of the TPS6014x external capacitors are closely linked to the output current and output
ripple requirements. For lowest ripple, low ESR (< 0.1 Q) capacitors should be used at the input and output of
the charge pump.

The input capacitor improves system efficiency by reducing the input impedance. It also stabilizes the input
current of the power source. The input capacitor should be chosen according to the power supply used and the
distance from the power source to the converter IC. The input capacitor selection also depends on the output
ripple requirements. C,y is recommended to be about 2-times to 4-times as large as the flying capacitors. The
lower the ESR of the input capacitor C, the lower is the output ripple.

The output capacitor Coyt can be selected from 2x to 50x larger than the flying capacitor, depending on the
ripple tolerance. The larger Coyt and the lower its ESR, the lower will be the output voltage ripple.

Generally, the flying capacitors will be the smallest. Only ceramic capacitors are recommended because of their
low ESR and because they retain their capacitance at the switching frequency. Be aware that, depending on the
material used to manufacture them, ceramic capacitors might lose their capacitance over temperature and
voltage. Ceramic capacitors of type X7R or X5R material will keep their capacitance over temperature and
voltage, whereas Z5U or Y5V-type capacitors will decrease in capacitance. Table 3 lists recommended capacitor
values.

Table 3. Recommended Capacitor Values

lout Cin Cixr) Cout VppTYP

(mA) (HF) (HF) (HF) (mV)
0-50 4.7 2.2 4.7 40
0-100 4.7 2.2 10 40
0-100 4.7 2.2 22 18

If the measured output voltage ripple is too high for the application, improvements can be made. The first step is
to increase the capacitance at the output. If the ripple is still too high, the second step would be to increase the
capacitance at the input. For lower output currents, lower value flying capacitors can be used. Table 3 and
Table 4 lists the manufacturers of recommended capacitors.

Table 4. Recommended Capacitors®

MANUFACTURER PART NUMBER CAPACITANCE CASE SIZE TYPE
LMK212BJ105KG-T 1 pF 805 Ceramic
EMK316BJ225KL-T 2.2 uF 1206 Ceramic
LMK212BJ225MG-T 2.2 uF 805 Ceramic
Taiyo Yuden LMK316BJ475KL-T 4.7 uF 1206 Ceramic
JMK316BJ106ML-T 10 pyF 1206 Ceramic
LMK325BJ106MN-T 10 pF 1210 Ceramic
LMK432226MM-T 22 uF 1812 Ceramic
AVX 0805ZC105KAT2A 1 pF 805 Ceramic
1206ZC225KAT2A 2.2 uF 1206 Ceramic
(1) Note: Case code compatibility with EIA 535BAAC and CECC30801 molded chips.
Table 5. Recommended Capacitor Manufacturers
MANUFACTURER CAPACITOR TYPE INTERNET SITE
Taiyo Yuden X7R/X5R ceramic http://www.t—yuden.com/
AVX X7R/X5R ceramic http://www.avxcorp.com/
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10.2.3 Application Curves
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11 Power Supply Recommendations

The TPS6014x devices have no special requirements for its input power supply. The input power supply's output
current must be rated according to the supply voltage, output voltage and output current of the TPS6014x.

12 Layout

12.1 Layout Guidelines

Careful board layout is necessary due to the high transient currents and switching frequency of the converter. All
capacitors should be soldered in close proximity to the IC. Connect ground and power ground terminals through
a short, low-impedance trace. A PCB layout proposal for a two-layer board is given in Figure 19. The bottom
layer of the board carries only ground potential for best performance. The layout also provides improved thermal
performance as the exposed lead frame of the PowerPAD package is soldered to the PCB.

An evaluation module for the TPS60140 is available and can be ordered under product code
TPS60140EVM-144. The EVM uses the layout shown in Figure 19.

12.2 Layout Example

O
R
M\
O + ((:_])- O —
- — —
3 EmM |eoe
Ol |§ E e N
™ * he
& + ©.

NOTE: Actual size is 15 mm x 25 mm.

Figure 19. Recommended Component Placement and Board Layout

Table 6. Component Identification

IC1 TPS6014x
C1, C2 Flying capacitors
C3, C6 Input capacitors
C4, C5 Output capacitors
Cc7 Stabilization capacitor for LBI
R1, R2 Resistive divider for LBI
R3 Pullup resistor for LBO

The best performance of the converter is achieved with additional bypass capacitors C5 and C6 at the input and
output. Capacitor C7 should be included if the large line transients are expected. The capacitors are not required.
They can be omitted in most applications.

12.3 Power Dissipation

The power dissipated in the TPS6014x depends mainly on input voltage and output current and is described by
Equation 5:

Poiss) =lo x(3x Vi = Vo) (5)
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Power Dissipation (continued)

By observation of Equation 5, it can be seen that the power dissipation is worse for the highest input voltage V,
and the highest output current Igyt. For an input voltage of 3.6 V and an output current of 100 mA, the calculated
power dissipation Ppyss) is 580 mW. This is also the point where the charge pump operates with its lowest
efficiency, which is only 45%, and hence with the highest power losses.

Poiss) must be less than that allowed by the package rating. The thermal resistance junction to ambient of the
thermally enhanced TSSOP is 178°C/W for an unsoldered package. The thermal resistance junction to case,
with the exposed thermal pad soldered to an infinitive heat sink, is 3.5°C/W.

With the recommended maximum junction temperature of 125°C and an assumed maximum ambient operating

temperature of 85°C, the maximum allowed thermal resistance junction to ambient of the system can be
calculated using Equation 6.

Tymax-T °C -85°
ymax-Ty 125°C 850:69°C/W

Ppiss)max 580 mW ©)

Using a board layout as described in the application information section, Rg;s is typically 56°C/W for an
unsoldered PowerPAD™ and 41°C/W for a soldered PowerPAD.

For more information, refer to the PowerPAD application report, PowerPAD™ Thermally Enhanced Package
(SLMAO002).
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13 Device and Documentation Support

13.1 Device Support

13.1.1 Third-Party Products Disclaimer

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

13.2 Documentation Support

13.2.1 Related Documentation

For related documentation see the following:

e PowerPAD™ Thermally Enhanced Package, SLMAQ0O2.
e TPS6010x/TPS6011x Charge Pump, SLVAQ70.

13.3 Related Links

The following table lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 7. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOETWARE COMMUNITY
TPS60140 Click here Click here Click here Click here Click here
TPS60141 Click here Click here Click here Click here Click here

13.4 Trademarks

PowerPAD is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

13.5 Electrostatic Discharge Caution

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

13.6 Glossary

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

14 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS60140PWP ACTIVE HTSSOP PWP 20 70 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS60140 Samples
& no Sh/Br) =
TPS60140PWPG4 ACTIVE HTSSOP PWP 20 70 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS60140 Samples
& no Sh/Br) =
TPS60140PWPR ACTIVE HTSSOP PWP 20 2000  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS60140 Samples
& no Sh/Br)
TPS60140PWPRG4 ACTIVE HTSSOP PWP 20 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS60140
& no Sh/Br) —
TPS60141PWP ACTIVE HTSSOP PWP 20 70 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS60141 Eamnles
& no Sh/Br) —
TPS60141PWPR ACTIVE HTSSOP PWP 20 2000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 TPS60141 Samples
& no Sh/Br) =

@ 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): 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, TI 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.

® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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© | ead/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
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
[ 8
T
A
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)
TPS60140PWPR HTSSOP| PWP 20 2000 330.0 16.4 6.95 | 7.1 1.6 8.0 16.0 Q1
TPS60141PWPR HTSSOP| PWP 20 2000 330.0 16.4 6.95 | 7.1 1.6 8.0 16.0 Q1
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS60140PWPR HTSSOP PWP 20 2000 367.0 367.0 38.0
TPS60141PWPR HTSSOP PWP 20 2000 367.0 367.0 38.0
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MECHANICAL DATA

PWP (R—PDSO—GQO) PowerPAD™ PLASTIC SMALL OUTLINE
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A.All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusions. Mold flash and protrusion shall not exceed 0.15 per side.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQOZ for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
E. Falls within JEDEC MO-153

NOTES:

PowerPAD is a trademark of Texas Instruments.
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THERMAL PAD MECHANICAL DATA

PWP (R—PDSO—G20) PowerPAD" SMALL PLASTIC OUTLINE
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the 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 additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature

No. SLMAOO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQQ4.

Both documents are available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.
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Top View

Exposed Thermal Pad Dimensions

4206332—-19/A0 01/16

NOTE: A. All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments
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LAND PATTERN DATA

PWP (R—PDSO—G20)

PowerPAD™ PLASTIC SMALL OUTLINE

Example Board Layout
Via pattern and copper pad size
may vary depending on layout constraints

Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).
Reference table below for other

Increasing copper area will

solder stencil thicknesses

enhance thermal performance
(See Note D)
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Center Power Pad Solder Stencil Opening
Stencil Thickness X Y
0.1mm 3.4 2.6
0.127mm 3.38 2.4
0.152mm 3.0 2.2
0.178mm 2.8 2.1
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NOTES:
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All linear dimensions are in millimeters.
This drawing is subject to change without notice.

Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.

This package is designed to be soldered to a thermal pad on the board.

Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMA002, SLMAOO4, and also 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>. Publication IPC—7351 is recommended for dlternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.

contact their board assembly site for stencil design recommendations.

Customers should

Example stencil design based on a 50% volumetric

metal load solder paste. Refer to IPC—7525 for other stencil recommendations.
Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

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

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

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

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

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

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

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

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

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

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

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

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

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

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

www.ti.com/medical

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

www.ti.com/video

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