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5 Device Comparison Table

PRE- PRE- PRE- STARTUP
@ PROGRAMMED PROGRAMMED TIME
PART NUMBER OUTPUT louT MAX PROGIRAMMED CTIVE VPOS / VNEG Isp PACKAGE
VOLTAGES ey DISCHARGE® ®
TPS65132A Jros=oa
VNEG . '0 v 80 mA 40 mA Vpos ! VaeG FAST 30 pA csP
POS = 9.
TPS65132A0 Viee = 5.0 V
Vpos =54V
TPS65132B Vige = 5.4V
VpQS =50V
TPS65132B0 _ 80 mA 40 mA Vpos ! VNEG FAST 130 nA CSP
VnNeg =-5.0V
Vpos =55V
TPS65132B5 Vyee = 5.5 V
VpQS =52V
TPS65132B2 Vyee = 5.2 V
Vpos =54V
VNeg = -5.4V
VpQS =50V
TPS65132L0 Vpee = 5.0 V
TPS65132L1 @) Veos =51V 80
_ mA 40 mA Vpos / VNEG SLOW 130 nA CSP
VNeg =-5.1V
VpQS =56V
TPS65132T6 _ 80 mA 80 mA Vpos ! VNEG SLow 130 nA CSP
VNeg =-5.6 V
Vpos =54V
VNeg = -5.4V
VpQS =54V
TPS65132W _ 80 mA 80 mA Vpos ! VNEG SLow 130 nA QFN
Vneg =54V
(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the TI
website at www.ti.com
(2) See Power-Down And Discharge (LDO) and Power-Down And Discharge (CPN) for a detailed description of how each device variant
implements the active discharge function.
(3) Please refer to Power-Up And Soft-Start (LDO) and Power-Up And Soft-Start (CPN) for more details.
(4) Product preview.
4 Copyright © 2013-2016, Texas Instruments Incorporated
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6 Pin Configuration and Functions
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YFF Package
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(bottom view)
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Pin Functions

NAME Ax,PI:)\(l, Lx. Tx Sx 110 DESCRIPTION
AGND D2 D2 — Analog ground
CFLY1 C3 C3 110 Negative charge pump flying capacitor pin
CFLY2 A3 A3 110 Negative charge pump flying capacitor pin
EN — B1 Enable pin (sequence programmed)
ENN Al — | Enable pin for Vygg rail
ENP B1 B1 | Enable pin for Vpgg rall
OUTP E3 E3 (0] Output pin of the LDO (Vpps)
OUTN A2 A2 (0] Output pin of the negative charge pump (Vneg)
PGND B3 B3 — Power ground
El El
REG b3 b3 110 Boost converter output pin
E2 E2
SCL B2 B2 110 12C interface clock signal pin
SDA Cc2 c2 110 12C interface data signal pin
SW D1 D1 110 Switch pin of the boost converter
SYNC — Al | Synchronization pin. 150 mA current enabled if this pin is pulled HIGH.
VIN C1 C1 | Input voltage supply pin
6 Copyright © 2013-2016, Texas Instruments Incorporated
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QFN Package
20 Pins
RVC package RVC package
(top view) (bottom view)
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Pin Functions
PIN
/0 DESCRIPTION
NAME Wx
3
AGND — Analog ground
17
CFLY1 13 1/0 Negative charge pump flying capacitor pin
CFLY2 10 1/0 Negative charge pump flying capacitor pin
ENN 6 | Enable pin for Vg rail
ENP 5 | Enable pin for Vpgs rail
16
OUTP 15 (0] Output pin of the LDO (Vpgs)
OUTN 9 (0] Output pin of the negative charge pump (Vneg)
2
PGND — Power ground
11
12
14 _
REG 18 1/0 Boost converter output pin
SCL 8 1/0 12C interface clock signal pin
SDA 7 1/0 12C interface data signal pin
19
SW 20 110 Switch pin of the boost converter
VIN 4 | Input voltage supply pin

Copyright © 2013-2016, Texas Instruments Incorporated 7
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7 Specifications
7.1 Absolute Maximum Ratings®®
over operating free-air temperature range (unless otherwise noted)
VALUE
UNIT
MIN MAX
CFLY1, EN, ENN, ENP, OUTP, REG, SCL, SDA, SW, SYNC,
-0.3 7 \
Voltage range VIN
CFLY2, OUTN —7 0.3 \%
Continuous total power dissipation See Thermal Information
Operating junction temperature, T, -40 150 °C
Operating ambient temperature, T -40 85 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, 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 may affect device reliability.

(2) All voltage values are with respect to ground.

7.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(l) +2000 \%
VEesp Charged device model (CDM) per JEDEC specification JESD22- +500 v
€101, all pins® =

(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.

7.3 Recommended Operating Conditions

MIN TYP MAX UNIT
VN Input voltage range 2.5 55 \%
L Inductor® 2.2 4.7 pH
Cin Input capacitor(®® 47 UF
CrLy Flying capacitor® 2.2 uF
Coute: Coutn» Crec Output capacitors @ 47 UF
Ta Operating ambient temperature -40 85 °C
T; Operating junction temperature -40 125 °C
(1) Please see Detailed Description section for further information.
(2) X7R (or better dielectric material) is recommended.
7.4 Thermal Information
TPS65132 TPS65132
THERMAL METRIC® YFF RVC UNIT
(15) BALLS (20) PINS

Reaa Junction-to-ambient thermal resistance 76.5 39.0 °C/IW
Roactop Junction-to-case (top) thermal resistance 0.2 42.7 °C/IW
Reis Junction-to-board thermal resistance 44 13.6 °C/IW
Vot Junction-to-top characterization parameter 1.6 0.6 °C/IW
AL] Junction-to-board characterization parameter 43.4 13.6 °C/IW
Roachot Junction-to-case (bottom) thermal resistance N/A 3.8 °C/IW

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

8 Copyright © 2013-2016, Texas Instruments Incorporated
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7.5 Electrical Characteristics

Vin = 3.7V, EN = ENN = ENP =V, Vpos = 5.4V, Vygg = -5.4 V, To = —40°C to 85°C; typical values are at T, = 25°C

(unless otherwise noted).

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNIT
SUPPLY CURRENT
Vin Input voltage range 2.5 55 \%
V) rising 2.3 2.5
Vuvio Undervoltage lockout threshold - \%
V| falling 2.1 2.3
lo Quiescent current 0.54 mA
Thermal shutdown 140 °C
Thermal shutdown hysteresis 5 °C
LOGIC EN, ENN, ENP, SYNC
Vi High Ievel.lnput voltage Vi =25V 1055V 1.1 v
Vi Low level input voltage 0.4
Ren Pulldown resistors 200 kQ
LOGIC SCL, SDA
Vi High Ievel.lnput voltage Vi =25V 1055V 1.1 v
Vi Low level input voltage 0.54
BOOST CONVERTER
ILm Boost converter valley current limit 0.9 1.2 15 A
fsw Boost converter switching frequency 1.35 1.80 2.25 MHz
LDO OUTPUT Vpog
Vpos Positive output voltage range 4.0 6.0 \%
Vpos_acc Positive output voltage accuracy -1% +1 %
lpos Positive output current capability 200 mA
Vbo Dropout voltage VRreG = Vposnom) = 5.4V, loyt = 150 mA 160 mV
Line regulation ViIN=25V 1055V, lgyr =40 mA 2.7 mV
Load regulation Aloyt =80 mA 3.4 %I/A
Rp Discharge resistor 70 Q
NEGATIVE CHARGE PUMP OUTPUT Vneg
VNEG Negative output voltage range -6.0 -4.0 \%
VNEG_ace Negative output voltage accuracy -1% +1 %
INEG Negative output current capability 40mA MODE 40 mA
80mA MODE 80
INEG Negative output current capability TPS65132Sx, SYNC = HIGH 150 mA
fosc Rl:gjgxgycharge pump switching 0.8 1.0 12 MHz
Line regulation Vin=25V 1055V, lgyr =40 mA 3.3 mV
Load regulation Aloyt = 80 mA 6.1 %/A
Rp Discharge resistor 20 Q
Copyright © 2013-2016, Texas Instruments Incorporated 9
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7.6 I°C Interface Timing Requirements / Characteristics ®

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Standard mode 100 kHz
fscL SCL clock frequency
Fast mode 400 kHz
. Standard mode 4.7 ps
tLow LOW period of the SCL clock
Fast mode 1.3 ps
. Standard mode 4.0 ps
tmicy  HIGH period of the SCL clock
Fast mode 600 ns
. . Standard mode 4.7 ps
tBUF Bus free time between a STOP and START condition
Fast mode 1.3 ps
) » Standard mode 4.0 ps
tha:sta Hold time for a repeated START condition
' Fast mode 600 ns
. i Standard mode 4.7 ps
tsu:sta  Setup time for a repeated START condition
' Fast mode 600 ns
¢ Dat b i Standard mode 250 ns
. ata setup time
SUDAT P Fast mode 100 ns
. Standard mode 0.05 3.45 ps
thapat Data hold time
' Fast mode 0.05 0.9 ps
Standard mode 20 + 1000 ns
Rise time of SCL signal after a repeated START condition 0.1Cg
treLa ;
and after an acknowledge bit East mode 20 + 1000 ns
0.1Cg
Standard mode 20 + 1000 ns
o . 0.1Cg
treL Rise time of SCL signal
Fast mode 20 + 300 ns
0.1Cg
Standard mode 20 + 300 ns
. . 0.1Cg
treL Fall time of SCL signal
Fast mode 20 + 300 ns
0.1Cg
Standard mode 20 + 1000 ns
o . 0.1Cg
trRoA Rise time of SDA signal
Fast mode 20 + 300 ns
0.1Cg
Standard mode 20 + 300 ns
. . 0.1Cg
trpA Fall time of SDA signal
Fast mode 20 + 300 ns
0.1Cg
. . Standard mode 4.0 ps
tsusto  Setup time for STOP condition
' Fast mode 600 ns
Cg Capacitive load for SDA and SCL 0.4 nF

(1) Industry standard I°C timing characteristics according to 1°C-Bus Specification, Version 2.1, January 2000. Not tested in production.

iy
SDA | !
L |
¥ t
tf|4|4J|r | tLow | le—t, ILt—sﬂDATﬂllr f
-+ | | | | |
scL |yl | J | :
[ : —— |
[~ : [ tha;sTA | !4—»! tsu;sTA *“T"
l_S_I thd;DATal f HIGH

Figure 1. Serial Interface Timing For F/S-Mode

10
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7.7 Typical Characteristics
Vin= 3.7V, Vpos= 5.4 V, Vygc= -5.4 V, unless otherwise noted

s ——VIN=29V 06
=2. VIN=29V
0.58 -
25 VIN=3.7V -3
0.56 VIN=3.7V
) ——VIN=45V 054 | ——VIN=45V
:(\1 / z 0.52
215 / E o5
2 / < 0.48 //
1 P
/ / 0.46 /
05 0.44
// 0.42
-40 -20 0 20 40 60 80 -40 -20 0 20 40 60 80
Ta (°C) Ta (°C)
Figure 2. Shutdown Current (all versions but Ax) Figure 3. Quiescent Current
12 25
—VIN=29V —— UVLO_rising
1.15 .
VIN=3.7V 2.45 UVLO_falling
11 ——VIN=45V
=1 2.4
g 105 <
=3 2
" 1 % 2.35
£ 0.95
2.3
0.9
2.25
0.85
0.8 2.2
-40 10 60 -40 -20 0 20 40 60 80
Ta (°C) Ta (°C)
Figure 4. Main Oscillator Frequency Figure 5. UVLO

Copyright © 2013-2016, Texas Instruments Incorporated

11



13 TEXAS
INSTRUMENTS
TPS65132

ZHCSCH4H —JUNE 2013-REVISED NOVEMBER 2016 www.ti.com.cn

8 Detailed Description

8.1 Overview

The TPS65132, supporting input voltage range from 2.5 V to 5.5 V, operates with a single inductor scheme to
provide a high efficiency with a small solution size. The synchronous boost converter generates a positive
voltage that is regulated down by an integrated LDO, providing the positive supply rail (Vpos). The negative
supply rail (Vyeg) is generated by an integrated negative charge pump (or CPN) driven from the boost converter
output pin, REG. The operating mode can be selected between 40mA and 80mA in order to select the necessary
output current capability and to get the best efficiency possible based on the application. The device topology
allows a 100% asymmetry of the output currents.

8.2 Functional Block Diagram

/Y Y YL
1
SW| |REG
v
Vi o VIN Bsg(r)\lscT oo ourp| . Veos
(battery voltage) _| L 5.4 V/40 mA
i 0—f\J i
OUTN v
2 ENP —  CPN o NE©
o ENN L 5.4 V/40 mA
o sc. 9I5| |8 3;
© SDA £ Sl |5 AcnD
s Wod

8.3 Feature Description

8.3.1 Undervoltage Lockout (UVLO)

The TPS65132 integrates an undervoltage lockout block (UVLO) that enables the device once the voltage on the
VIN pin exceeds the UVLO threshold (2.5 V maximum). No output voltage will be generated as long as the
enable signals are not pulled HIGH. The device, as well as all converters (boost converter, LDO, CPN), will be
disabled as soon as the V| voltage falls below the UVLO threshold. The UVLO threshold is designed in a way
that the TPS65132 will continue operating as long as V|y stays above 2.3 V. This guarantees a proper operation
even in the event of extensive line transients when the battery gets suddenly heavily loaded.

For TPS65132AX, a 40 ms delay is starting as soon as the UVLO threshold is reached. This delay prevents the
device to be disabled and enabled by an unwanted VIN voltage spike. Once this delay has passed, the output
rails can be enabled and disabled as desired with the enable signals without any delay.

8.3.2 Active Discharge

An active discharge of the positive rail and/or the negative rail can be programmed (DISP and DISN bits
respectively - refer to Registers). If programmed to be active, the discharge will occur at power down, when the
enable signals go LOW (Figure 37 and Figure 38 for TPS65132AX, BX, Lx, Tx, Wx — Figure 105 and Figure 104
for TPS65132Sx). See Power-Down And Discharge (LDO) and Power-Down And Discharge (CPN) for a detailed
description of how each device variant implements the active discharge function.

12 Copyright © 2013-2016, Texas Instruments Incorporated
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Feature Description (continued)

8.3.3 Boost Converter

8.3.3.1 Boost Converter Operation

The synchronous boost converter uses a current mode topology and operates at a quasi-fixed frequency of
typically 1.8 MHz, allowing chip inductors such as 2.2 uH or 4.7 pH to be used. The converter is internally
compensated and provides a regulated output voltage automatically adjusted depending on the programmed
Vpos and Vygg Voltages. The boost converter operates either in continuous conduction mode (CCM) or Pulse
Frequency Modulation mode (PFM), depending on the load current in order to provide the highest efficiency
possible. The switch node waveforms for CCM and DCM operation are shown in Figure 6 and Figure 7.

8.3.3.2 Power-Up And Soft-Start (Boost Converter)

The boost converter starts switching as soon as one enable signal is pulled HIGH and the voltage on VIN pin is
above the UVLO threshold. For TPS65132Ax, in the case where one enable signal is already HIGH when Vg
reaches the UVLO threshold, the boost converter will only start switching after a 40 ms delay has passed (see
Undervoltage Lockout (UVLO)).

The boost converter starts up with an integrated soft-start to avoid drawing excessive inrush current from the
supply. The output voltage Vreg is slowly ramped up to its target value. Typical startup waveforms for low-current
applications are shown in Figure 33 and Figure 35.

8.3.3.3 Power-Down (Boost Converter)

The boost converter stops switching when Vi is below the UVLO threshold or when both output rails are
disabled. For example, due to a special sequencing, the LDO might still be operating while the CPN is already
disabled, in which case, the boost will continue operating until the LDO has been disabled. Typical power-down
waveforms for low-current applications are shown in Figure 34 and Figure 36.

8.3.3.4 Isolation (Boost Converter)
The boost converter output (REG) is isolated from the input supply V,y, providing a true shutdown.

8.3.3.5 Output Voltage (Boost Converter)

The output voltage of the boost converter is automatically adjusted depending on the programmed Vpog and
Ve Voltages.

8.3.3.6 Advanced Power-Save Mode For Light-Load Efficiency And PFM

The TPS65132 device integrates a power save mode to improve efficiency at light load. In power save mode the
converter stops switching when the inductor current reaches 0 A. The device resumes its switching activity with
one or more pulses once the Vieg Vvoltage falls below its regulation level, and goes again into power save mode
once the inductor current reaches 0 A. The pulse duration remains constant, but the frequency of these pulses
varies according to the output load. This operating mode is also known as Pulse Frequency Modulation or PFM.
Figure 6 provides plots of the inductor current and the switch node in PFM mode.

Copyright © 2013-2016, Texas Instruments Incorporated 13
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Feature Description (continued)
TPS65132B - Low-Current Applicatian TPS65132B - Low-Current Applica(inm
Z*W = r(’""“‘“*" 2—>"“*”"xmﬂ"“*w ’ by
Vree A | VReEG_AC }
VSW
Vsw :
\“
il
NN ,v‘p‘\ Ii\‘ ’,'\ AL AR AN
I NSNS N NN A\ I\ [\ \ N
;‘ Y Y A Y \\f V) A Vi V|
I I\ IL
/I_> 1 L \ »
Ch2 50.0 mV/div Ch4 100 mA/div 1 ps/div Ch2 50.0 mV/div Ch4 100 mA/div 1 ps/div
Figure 6. Boost Converter - Light Load (1 mA) Figure 7. Boost Converter — Heavy Load (40 mA)

8.3.4 LDO Regulator

8.3.4.1 LDO Operation

The Low Dropout regulator (or LDO) generates the positive voltage rail, Vpgs, by regulating down the output
voltage of the boost converter (Vgeg). Its inherent power supply rejection helps filtering the output ripple of the
boost converter in order to provide on OUTP pin a clean voltage, e.g. to supply the source driver IC of the
display.

8.3.4.2 Power-Up And Soft-Start (LDO)

The LDO starts operating as soon as the ENP signal is pulled HIGH, V,y voltage is above the UVLO threshold
and the boost converter has reached its Power Good threshold.

In the case where the enable signal is already HIGH when V,\ exceeds the UVLO threshold, the boost converter
will start first and the LDO will only start after the boost converter has reached its target voltage. For
TPS65132Ax, the boost will start after the 40 ms delay has passed (see Undervoltage Lockout (UVLO)).

For TPS65132Sx the LDO startup is defined by the setting of the DLYX register and the SEQU bits, see
Registers for more details.

The LDO integrates a soft-start that slowly ramps up its output voltage Vpos regardless of the output capacitor
and the target voltage, as long as the LDO current limit is not reached. For TPS65132Ax and TPS65132Bx
(except TPS65132B2), the typical startup time is 140 ps. For TPS65132B2, TPS65132Lx, TPS65132SX,
TPS65132Tx and TPS65132WX, the typical ramp-up time is 500 us and the inrush current is also reduced by a
factor of 3. Typical startup waveforms for the low-current application are shown in Figure 33 to Figure 35.

8.3.4.3 Power-Down And Discharge (LDO)

The LDO stops operating when V| is below the UVLO threshold or when ENP is pulled LOW. Or for
TPS65132Sx when EN is pulled LOW, and the internal sequencing has passed.

The positive rail can be actively discharged to GND during power-down if required. A discharge selection bit is
available to enable or disable this function. See Registers for more details, as well as waveforms in Figure 37
and Figure 38. Table 1 shows the Vppg active discharge behavior of each device variant.

Table 1. Vppg Active Discharge Behavior

PART NUMBER Vin ENP (or EN) ENN (or SYNC) Vpos DISCHARGE
<VuwiLo Don't Care Don't Care On
Low Low Determined by DISP bit
TPS65132Ax S Vouio Low High Determined by DISP bit
High Low Off
High High Off
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Feature Description (continued)

Table 1. Vppog Active Discharge Behavior (continued)

PART NUMBER Vin ENP (or EN) ENN (or SYNC) Vpos DISCHARGE

<VyviLo Don't Care Don't Care On
TPS65132Bx L L o
TPS65132Lx ow ow n
TPS65132Sx v Low High Determined by DISP bit
TPS65132Tx > VuvrLo )
TPS65132Wx High Low orf

High High Off

8.3.4.4 lIsolation (LDO)

The LDO is isolating the Vpgg rail from Vgeg (boost converter output) as long as the rail is not enabled in order to
ensure flexible startup like Vygg before Vpos.

8.3.4.5 Setting The Output Voltage (LDO)

The output voltage of the LDO is programmable via a I1>°C compatible interface, from —6.0 V to —4.0 V in 100 mV
steps. For more details, please refer to the VPOS Register — Address: 0x00

8.3.5 Negative Charge Pump

8.3.5.1 Operation

The negative charge pump (CPN) generates the negative voltage rail, Vg, by inverting and regulating the
output voltage of the boost converter (Vgeg). The charge pump uses 4 switches and an external flying capacitor
to generate the negative rail. Two of the switches are turned on in the first phase to charge the flying capacitor
up to Vgeg, and in the second phase they are turned-off and the two others turn on to pump the energy
negatively out of the OUTN capacitor.

8.3.5.2 Power-Up And Soft-Start (CPN)

The CPN starts operating as soon as the ENN signal is pulled HIGH, V| voltage is above the UVLO threshold
and the boost converter has reached its Power Good threshold.

In the case where the enable signal is already HIGH when V,y reaches the UVLO threshold, the boost converter
will start first and the CPN will only start after the boost converter has reached its target voltage. For
TPS65132Ax, the boost will start after the 40 ms delay has passed (see Undervoltage Lockout (UVLO)).

For TPS65132Sx the CPN startup is defined by the setting of the DLYx register and the SEQU bits, see
Registers for more details.

The CPN integrates a soft-start that slowly ramps up its output voltage Vygg Within a time defined by the selected
mode (40mA or 80mA), the output voltage and the output capacitor value. For TPS65132Ax and TPS65132Bx
(except TPS65132B2), the startup current charging the output capacitor in 40mA mode is 50 mA, and 100 mA
typically in 80mA mode. For TPS65132B2, TPS65132Lx, TPS65132Tx, and TPS65132Wx, the typical ramp-up
times are slowed down by a factor of 4 (i.e 12.5 mA and 25 mA typical output current for 40mA and 80mA modes
respectively) and the inrush current is also reduced by a factor of about 4. Typical startup waveforms for the low-
current application are shown in Figure 39 to Figure 42.

For TPS65132Sx, the negative rail starts-up in 40mA or 80mA mode, thus the startup current is set by the mode
the device is programmed to, and not related to the SYNC pin state. The full current of 150 mA minimum is only
released once both rails (Vpog and Vyeg) have reached their Power Good levels.
t _ Cout *VnEG
, . , ) STARTUP |
The estimated startup time can be calculated using the following formula: STARTUP

Where:
tSTARTUP = Startup time of the VNEG rail
Cout = output capacitance of the Vg rail
V\eg = target output voltage

Copyright © 2013-2016, Texas Instruments Incorporated 15
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IstarTUP = OUtput current of the Vg rail charging up the output capacitor at startup (12.5 mA, 25 mA, 50 mA
or 100 mA as described above)

8.3.5.3 Power-Down And Discharge (CPN)
The CPN stops operating when V) is below the UVLO threshold or when ENN is pulled LOW.
Or when EN is pulled LOW in the TPS65132Sx, and the internal sequencing has passed.

The negative rail can be actively discharged to GND during power-down if required. A discharge selection bit is
available to enable or disable this function. See for more details, as well as waveforms Figure 37 and Figure 38.
Table 2 shows the Vg discharge behavior of each device variant.

Table 2. Vg Active Discharge Behavior

PART NUMBER VN ENP (or EN) ENN (or SYNC) Vneg DISCHARGE
<VyviLo Don't Care Don't Care On
Low Low Determined by DISN bit
TPS65132Ax v Low High Off
>
uvio High Low Determined by DISN bit
High High Off
<VyviLo Don't Care Don't Care On
TPS65132Bx Low Low On
TPS65132Lx :
Low High Off
TPS65132Tx >V
TPS65132Wx uvio High Low Determined by DISN bit
High High Off
<VyviLo Don't Care Don't Care On
Low Low On
TPS65132Sx v Low High Determined by DISN bit
>
uvio High Low Off
High High Off

8.3.5.4 Isolation (CPN)

The CPN isolates the Vygg rail from Vg (boost converter output) as long as the rail is not enabled in order to
ensure flexible startup like Vpog before Vyeg.

8.3.5.5 Setting The Output Voltage (CPN)

The output voltage of the CPN is programmable via a I°C compatible interface, from —4.0 V to —6.0 V in 100 mV
steps. For more details, please refer to the VNEG Register — Address 0x01.

8.4 Device Functional Modes

8.4.1 Enabling and Disabling the Device

At startup (V|y goes above UVLO and at least one of the enable pins (ENP, ENN, or EN) goes HIGH), the
EEPROM content is loaded into the DAC registers and the IC starts with these default values. The TPS65132 is
enabled as long as the V) voltage is above the UVLO and one of the enable pins (ENP, ENN, or EN) is HIGH.

Pulling ENP or ENN LOW disables either rail (Vppos 0r Vyeg respectively); and, pulling both pins LOW disables
the device entirely (the internal oscillator of the TPS65132Ax continues running to allow access to the 12C
interface).

For TPS65132Sx, pulling EN LOW disables the device.

16 Copyright © 2013-2016, Texas Instruments Incorporated
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8.5 Programming

8.5.1 I2C Serial Interface Description

The TPS65132 communicates through an industry standard 1°C compatible interface, to receive data in slave
mode. 1°C is a 2-wire serial interface developed by Philips Semiconductor (see 1°C-Bus Specification, Version
2.1, January 2000).

The TPS65132 integrates a non-volatile memory (EEPROM) that allows the storage of the register values with a
capability of up to 1000 programming cycles. At startup the TPS65132 loads first the EEPROM content into the
registers and uses these voltages to start.

It is recommended to stop I°C communication with the TPS65132 for 50 ms after the command "Write EEPROM
data" was sent. If the device is accessed via I1°C during EEPROM programming, the device will pull down the
SCL line (clock stretch) after it recognized its 1°C address. The SCL line will be released after EEPROM
programming is finished.

The TPS65132 works as a slave and supports the following data transfer modes, as defined in the 1°C-Bus
specification: standard mode (100 kbps) and fast mode (400 kbps). The data transfer protocol for standard and
fast modes is exactly the same, therefore they are referred to as F/S-mode in this document. The TPS65132
supports 7-bit addressing. The device 7-bit address is 3E (see Figure 8), and the LSB enables the write or read
function.

Figure 8. TPS65132 Slave Address Byte

MSB TPS65132 Address LSB
0 | 1 \ 1 | 1 \ 1 | 1 0 RIW
RIW = R/(W)
NOTE

With TPS65132Ax, the I°C interface is accessible as long as the input voltage is above
the undervoltage lockout threshold. In all other versions, the 1°C interface is accessible
only as soon as one of the enable pins is pulled HIGH while the input voltage is above the
undervoltage lockout.

8.5.2 I°C Interface Protocol

IR e A BT e e I e R AR RN NN

| S | Slave Address | RW' A | Register Address | A | Data Register | A | P |

“0” Write

Acknowledge (SDA LOW)
Not Acknowledge (SDA HIGH)

|:| From Master to Slave

|:| From Slave to Master
Figure 9. “Write" Data To DAC — Transfer Format In F/S-Mode

= START condition
r = REPEATED START condition
= STOP condition

T O >
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[ 17— 4 | 18— | 8 b 8
| S | Slave Address | R/Wl A | Register Address (n) | A | Data n" Register | A | Data (n+1)" Register | A

“0” Write

8 — 1 | 1|

/—| Data (Last) Register | A | B |

|:| From Master to Slave A =Acknowledge (SDA LOW)
A =Not Acknowledge (SDA HIGH)
S = START condition

|:| From Slave to Master Sr = REPEATED START condition
P =STOP condition

Figure 10. "Write" Data To DAC — Transfer Format In F/S-Mode
Featuring Register Address Auto-Increment

[ 17— 1 | 1 8 — 1 ——8— 1 | 1 |

[s] Slave Address [rW ] A ] CR Address [ A ] crpata(xaxx) | A [ P |

“0" Write “1” Write all DAC data to EEPROM

|:| From Master to Slave A =Acknowledge (SDA LOW)
A =Not Acknowledge (SDA HIGH)
S = START condition

|:| From Slave to Master Sr = REPEATED START condition
P = STOP condition

Figure 11. “Write” Data To EEPROM — Transfer Format In F/S-Mode

[t fe—7— 1 | 18— 1 e—8— 1 |

[s] Slave Address [rW ] A ] CR Address [ a] CRdata (Oxxxxx0) | A [ P

\
| “0” Read from DAC Register
“0” Write “1” Read from EEPROM Register

[ 17— 1 | 1 e——8— 1 | 1 e——T7— 1 | 1 fe—8— 1 | 1]

H S | Slave Address | R/W | A | Register Address | A | Sr | Slave Address | R/Wl A | Data | A | P |

“0” Write “1” Read

|:| From Master to Slave A =Acknowledge (SDALOW)
A =Not Acknowledge (SDA HIGH)
S  =START condition

|:| From Slave to Master Sr = REPEATED START condition
P =STOP condition

Figure 12. “Read” Data From DAC/EEPROM - Transfer Format In F/S-Mode

18 Copyright © 2013-2016, Texas Instruments Incorporated



13 TEXAS

INSTRUMENTS
TPS65132
www.ti.com.cn ZHCSCH4H —JUNE 2013—-REVISED NOVEMBER 2016
[ 1 e——7— 1 | 1 &——8— ¥ 1 &——8— > 1 | 1
[s] Slave Address [RW | A ] CR Address [ A ] CRdata (xxxxxx0) | A | P
\
| “0” Read from DAC Register
“0” Write “1” Read from EEPROM Register
[ 1 e——7— 1 | 1 e—8— 1 | 17— 1 | 1 fe—8— 4
/—| S | Slave Address | R/W | A | Register Address | A | Sr | Slave Address | R/W | A | Data n" Register | A
“0” Write “1” Read
fe——8 —» 1 je——8 — 1 | 1 |
/—| Data (n+1)" Register | A | Data (Last) Register | A | B |

= Acknowledge (SDA LOW)
= Not Acknowledge (SDA HIGH)

|:| From Master to Slave
= START condition
r = REPEATED START condition

|:| From Slave to Master S
= STOP condition

Figure 13. “Read” Data From DAC/EEPROM — Transfer Format In F/S-Mode
Featuring Register Address Auto-Increment

Y » B>

8.6 Register Maps

The TPS65132 has a non-volatile memory (EEPROM) which contains the initial values and one volatile memory
(Registers) which contains the actual settings. The EEPROM and the Registers are accessed with the same
address.

Startup option: At power-up, the values contained in the EEPROM are loaded into the Registers to the last
stored setting within less than 20 us. The programmed factory value of the EEPROM of each address is
described in section Factory Default Register Value.

Write description: The user has to program all Registers first (0x00 to 0x03), then set the WED (Write
EEPROM Data) bit to 1. A dead time of 50 ms is then initiated during which the register content or all registers
(0x00 ~ 0x03) are stored into the non-volatilie EEPROM cells. During that time, there should be no data flowing
through the 1°C because the 1°C interface is momentarily not responding.

After the 50 ms have passed, the WED bit is automatically reset to 0, and the user is able to read the values or
program again.
Slave address: Ox3E
X =R/W R/W =1 — read mode
R/W = 0 — write mode

8.6.1 Registers

Attempting to read data from register addresses not listed in the following section will result in 0x00 being read
out.

8.6.1.1 VPOS Register — Address: 0x00
Figure 14. VPOS Register

7 6 5 4 \ 3 | 2 \ 1 | 0
RSVD RSVD RSVD VPOS[4:0]
0 0 0 0 \ 1 | 1 \ 1 | 0
R RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
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Table 3. VPOS Register Field Descriptions

Bit Field Description

75 RSVD[2:0] Reserved, always set to 0
VPOS output voltage adjustment
VPOS[4:0] Value VPOS Output Voltage VPOS[4:0] Value VPOS Output Voltage
(binary) ) (binary) )
00000 4.0 01011 5.1
00001 4.1 01100 5.2
00010 4.2 01101 5.3
00011 4.3 01110 5.4

40 | VPOS[40] 00100 4.4 01111 55
00101 4.5 10000 5.6
00110 4.6 10001 5.7
00111 4.7 10010 5.8
01000 4.8 10011 5.9
01001 4.9 10100 6.0
01010 5.0

20 Copyright © 2013-2016, Texas Instruments Incorporated



13 TEXAS

INSTRUMENTS

www.ti.com.cn

TPS65132
ZHCSCH4H —JUNE 2013-REVISED NOVEMBER 2016

8.6.1.2 VNEG Register — Address 0x01

Figure 15. VNEG Register

7 6 5 4 \ 3 | 2 \ 1 | 0
RSVD RSVD RSVD VNEG[4:0]
0 0 0 0 \ 1 | 1 \ 1 | 0
R RIW

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 4. VNEG Register Field Descriptions

Bit Field

Description

7:5 | RSVD[2:0]

Reserved, always set to 0

4:0 | VNEG[4:0]

VNEG output voltage adjustment

VNEG[4:0] Value VNEG Output Voltage VNEG[4:0] Value VNEG Output Voltage
(binary) V) (binary) V)
00000 -4.0 01011 -5.1
00001 -4.1 01100 -5.2
00010 —4.2 01101 -5.3
00011 -4.3 01110 -5.4
00100 -4.4 01111 -5.5
00101 -4.5 10000 -5.6
00110 -4.6 10001 -5.7
00111 4.7 10010 -5.8
01000 -4.8 10011 -5.9
01001 -4.9 10100 -6.0
01010 -5.0

Copyright © 2013-2016, Texas Instruments Incorporated
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8.6.1.3 DLYx Register — Address 0x02 (Only valid for TPS65132Sx)
Figure 16. DLYx Register

7 6 5 4 3 2 1 0
DLYP2 DLYP2 DLYN2 DLYN2 DLYP1 DLYP1 DLYN1 DLYN1
0 0 0 0 0 0 0 1
R/IW

Table 5. DLYx Register Field Descriptions

Bit Field Description
7:6 DLYP2[1:0]
5:4 DLYNZ2[1:0] R
Delay in milliseconds
3:2 DLYP1[1:0]

1:0 | DLYN1[L:0]

DLYx Value (binary) DLYx Delay (ms)
00 0
DLYx[1:0] 01 1
10 5
11 10
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8.6.1.4 APPS - SEQU - SEQD - DISP - DISN Register — Address 0x03
Figure 17. APPS - SEQU - SEQD - DISP - DISN Register
7 6 5 4 3 2 1 0
RSVD APPS SEQU SEQU SEQD SEQD DISP DISN
0 0 0 0 0 0 1 0
R R/W R/W R/W R/W R/W R/W R/W
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 6. APPS - SEQU - SEQD - DISP - DISN Field Descriptions
. . — Value ;
Bit | Field Description (binary) Action
7 RSVD Reserved, always set to 0
0 40mA
6 APPS Application CPPS
alue 1 80mMA
00 Vpos and Vygg simultaneously (DLYP1 after EN goes HIGH)
i 01 V| DLYP1 after EN goes HIGH) and then V DLYN1 after V,
54 | SEQU® gteqtjencmg at \S/EIQU pos ( g ) NEG ( POS)
artup alue 10 Vnec (DLYN1 after EN goes HIGH) and then Vpos (DLYP1 after Vygg)
11 VPOS Only
00 Vpos and Vygg simultaneously (DLYP2 after EN goes LOW)
32 | sEoD® Sequencing at SEQD 01 Vpos (DLYP2 after EN goes LOW) and then Vygg (DLYN2 after Vpos)
' Shutdown Value 10 Vnes (DLYN2 after EN goes LOW) and then Vpos (DLYP2 after Viyec)
11 Ignored
2 . 0 No discharge
1 |DISP® | Discharge Vpos | DISP Value _ :
1 Vpos actively discharged
2 . 0 No discharge
0 |DISN® | Discharge Vyeg | DISN Value : :
1 Vneg actively discharged

(1) SEQU and SEQD bits are just valid for TPS65132Sx
(2) See Power-Down And Discharge (LDO) and Power-Down And Discharge (CPN) for a detailed description of how each device variant
implements the active discharge function.
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8.6.1.5 Control Register — Address OxFF
Figure 18. Control Register
7 6 | 5 \ 4 | 3 \ 2 1 0
WED RSVD[6:1] EE/(DR)

The Reserved bits are ignored when written and return either 0 or 1 when read.

Table 7. Control Register Field Descriptions

. . Value R
Bit |Field (binary) Description
0 No action
7 | WED -
1 Write EEPROM Data
6:1 | RSVD[6:1] Reserved
0 Read from Registers
0 |EE/DR)
1 Read from EEPROM
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8.6.2 Factory Default Register Value

Register address

Part number

0x00 0x01 0x02 0x03
TPS65132A O0xOE Ox0E — 0x03
TPS65132A0 0x0A 0x0A — 0x03
TPS65132B O0xOE Ox0E — 0x03
TPS65132B0 O0x0A 0x0A — 0x03
TPS65132B2 0x0C 0x0C — 0x03
TPS65132B5 OxOF Ox0F — 0x03
TPS65132L O0xOE Ox0E — 0x03
TPS65132L0 0x0A 0x0A — 0x03
TPS65132L1 M 0x0B 0x0B — 0x03
TPS65132S O0xOE Ox0E 0x00 0x43
TPS65132T6 0x10h 0x10h — 0x43
TPS65132W O0xOE Ox0E — 0x43

(1) Product preview.

Copyright © 2013-2016, Texas Instruments Incorporated
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9 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.

9.1 Application Information

The TPS65132xx devices, primarily intended to supplying TFT LCD displays, can be used for any application
that requires positive and negative supplies, ranging from +4 V to 6 V and current up to 80 mA (150 mA for the
TPS65132Sx version). Both output voltages can be set independently and their sequencing is also independent.
The following section presents the different operating modes that the device can support as well as the different
features that the user can select.

9.2 Typical Applications

9.2.1 Low-current Applications (<40 mA)

The TPS65132 can be programmed to 40mA mode with the APPS bit to support applications that require output
currents up to 40 mA (refer to Figure 17). The 40mA mode limits the negative charge pump output current to 40
mA DC in order to provide the highest efficiency possible. The Vpgg rail can deliver up to 200 mA DC regardless
of the mode. Output peak currents are supported by the output capacitors.

L
4.7 uH
Y YY)
VN © —T_ VIN SW
U _L c3 5.4 V/40 mA
o—— ENP REG —
c2 4.7 uF
o—— ENN g 47 uF ;I;
Y,
5 SCL OUTN ° o NEG
o— | spa _L cs 5.4 V//40 mA
4.7 uF
PGND CFLY1|—_c4 ;I; H
AGND CFLY2}— 224F

!

Figure 19. Typical Low-current Application Circuit

9.2.1.1 Design Requirements

Table 8. Design Parameters

PARAMETERS EXAMPLE VALUES
Input Voltage Range 25Vto55V
Output Voltages 40Vto6.0V,-40Vto-6.0V
Output Current Rating 40 mA
Boost Converter Switching Frequency 1.8 MHz
Negative Charge Pump Switching Frequency 1.0 MHz

26
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9.2.1.2 Detailed Design Procedure

9.2.1.2.1 Sequencing

Each output rail (Vpos and Vyee) is enabled and disabled using an external enable signal. If not explicitly
specified, the enable signal in the rest of the document refers to ENN or ENP: ENP for the positive rail Vpog and
ENN for the negative rail Vygg. Figure 33 to Figure 36 show the typical sequencing waveforms.

NOTE
In the case where V) falls below the UVLO threshold while one of the enable signals is
still high, all converters will be shut down instantaneously and both Vpog and Vygg output
rails will be actively discharged to GND.

9.2.1.2.2 Boost Converter Design Procedure

The first step in the design procedure is to verify whether the maximum possible output current of the boost
converter supports the specific application requirements. A simple approach is to estimate the converter
efficiency, by taking the efficiency number from the provided efficiency curves at the application's maximum load
or to use a worst case assumption for the expected efficiency, e.g., 85%.

V, in XN
1. Duty Cycle:D=1 — —Lmin = 2
VREG

VIN_min x D

2. Inductor ripple current; Al = —
PP Jsw x L

Al
3. Maximum output current: lout max = (ILIM_min +7LJX(1—D)

4. Peak switch current of the application: Igypeax = IO& + %

n = Estimated boost converter efficiency (use the number from the efficiency plots or 85% as an estimation)
fsw = Boost converter switching frequency (1.8 MHz)

L = Selected inductor value for the boost converter (see the Inductor Selection section)

Iswpeak = Boost converter switch current at the desired output current (must be < [ Iy min + AlLD)

Al = Inductor peak-to-peak ripple current -

Vreg = max (Vpos, |Vnegl) + 200 mV (in 40mA mode — + 300 mV in 80mA mode — + 500 mV with
TPS65132Sx with SYNC = HIGH)

lout = lout_vros * | lout wneal (lout_max b€iNg the maximum current delivered on each rail)

The peak switch current is the current that the integrated switch and the inductor have to handle. The calculation
must be done for the minimum input voltage where the peak switch current is highest.

9.2.1.2.2.1 Inductor Selection (Boost Converter)

Saturation current: the inductor must handle the maximum peak current (I._sat > lswpeak, O I_sat > [ lum min +
Al,] as conservative approach)

DC Resistance: the lower the DCR, the lower the losses

Inductor value: in order to keep the ratio Igyt/Al. low enough for proper sensing operation purpose, it is
recommended to use a 4.7 pH inductor for 40mA mode (a 2.2 puH might however be used, but the efficiency
might be lower than with 4.7 uH at light loads depending on the inductor characteristics).
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Table 9. Inductor Selection Boost®
(uLH) SUPPLIER® COMPONENT CODE EIA SIZE D%’f\g P '(S/Q)T
22 Toko 1269AS-H-2R2N=P2 1008 130 24
22 Murata LQM2HPN2R2MGO 1008 80 13
22 Murata LQM21PN2R2NGC 0805 250 0.8
47 Toko 1269AS-H-4R7N=P2 1008 250 16
47 Murata LQM21PN4R7MGR 0805 230 0.8
47 FDK MIPS2520D4R7 1008 280 0.7

(1) See Third-Party Products Disclaimer

9.2.1.2.2.2 Input Capacitor Selection (Boost Converter)

For best input voltage filtering low ESR ceramic capacitors are recommended. TPS65132 has an analog input
pin VIN. A 4.7 uF minimum bypass capacitor is required as close as possible from VIN to GND. This capacitor is
also used as the boost converter input capacitor.

For better input voltage filtering, this value can be increased or two capacitors can be used: one 4.7 pF input
capacitor for the boost converter as well as a 1 pF bypass capacitor close to the VIN pin. Refer to the
Recommended Operating Conditions, Table 10 and Figure 19 for input capacitor recommendations.

9.2.1.2.2.3 Output Capacitor Selection (Boost Converter)

For the best output voltage filtering, low-ESR ceramic capacitors are recommended. A minimum of 4.7 pF
ceramic output capacitor is required. Higher capacitor values can be used to improve the load transient
response. Refer to the Recommended Operating Conditions, Table 10 and Figure 19 for output capacitor
recommendations.

Table 10. Input And Output Capacitor Selection®

CAPACITOR SUPPLIER COMPONENT CODE EIA SIZE (Thickness | VOLTAGE RATING |~y v re
(HF) max.) V)
2.2 Murata GRM188R61C225KAAD 0603 (0.9 mm) 16 Crry
47 Murata GRM188R61C475KAA] 0603 (0.95 mm) 16 Cins CgEG' Cros,
REG
10 Murata GRM219R61C106KA73 0603 (0.95 mm) 16 Cnec: Crec

(1) See Third-Party Products Disclaimer

9.2.1.2.3 Input Capacitor Selection (LDO)

The LDO input capacitor is also the boost converter output capacitor. Refer to the Recommended Operating
Conditions, Table 10 and Figure 19.

9.2.1.2.4 Output Capacitor Selection (LDO)

The LDO is designed to operate with a 4.7 pF minimum ceramic output capacitor. Refer to the Recommended
Operating Conditions, Table 10 and Figure 19.

9.2.1.2.5 Input Capacitor Selection (CPN)

The CPN input capacitor is also the boost converter output capacitor. Refer to the Recommended Operating
Conditions, Table 10 and Figure 19.

9.2.1.2.6 Output Capacitor Selection (CPN)

The CPN is designed to operate with a 4.7 uF minimum ceramic output capacitor. Refer to the Recommended
Operating Conditions, Table 10 and Figure 19.
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9.2.1.2.7 Flying Capacitor Selection (CPN)

The CPN needs an external flying capacitor. The minimum value is 2.2 pF. Special care must be taken while
choosing the flying capacitor as it will directly impact the output voltage accuracy and load regulation
performance. Therefore, a minimum capacitance of 1 uF must be achieved by the capacitor at a DC bias voltage
of |VNEG| + 300 mV. For proper operation, the flying capacitor value must be lower than the output capacitor of
the boost converter on REG pin.

9.2.1.3 Application Curves
Vin=3.7V, Vpos = 5.4V, Vygs = -5.4 V, unless otherwise noted

Table 11. Component List Used For The Application Curves

REFERENCE DESCRIPTION MANUFACTURER AND PART NUMBER®
2.2 pF, 16 V, 0603, X5R, ceramic Murata - GRM188R61C225KAAD
C 4.7 yF, 16 V, 0603, X5R, ceramic Murata - GRM188R61C475KAAJ
10 pF, 16 V, 0603, X5R, ceramic Murata - GRM188R61E106MA73
L 2.2 pH, 2.4 A, 130 mQ, 2.5 mm x 2.0 mm x 1.0 mm Toko - DFE252010C (1269AS-H-2R2N=P2)
4.7 yH, 1.6 A, 250 mQ, 2.5 mm x 2.0 mm x 1.0 mm Toko - DFE252010C (1269AS-H-4R7N=P2)
Ul TPS65132AYFF Texas Instruments

(1) See Third-Party Products Disclaimer

Table 12. Table Of Graphs

PARAMETER CONDITIONS Figure

EFFICIENCY
Efficiency vs. Output £5.0 V — 40mA Mode — L = 4.7 pH Figure 20
Current
Efficiency vs. Output _ .
Current +54V —40mA Mode — L = 4.7 pH Figure 21
Effictency vs. Output +5.0 V — 40mA Mode — L = 2.2 uH Figure 22

urrent
Efficiency vs. Output _ .
Current +54V —40mA Mode — L = 2.2 pH Figure 23
CONVERTERS WAVEFORMS
Vneg Output Ripple InNeg =2 MA /20 mA / 40 mA — 40mA Mode — Cqoyt = 4.7 uF Figure 24
Vneg Output Ripple INeg =2 MA /20 mA / 40 mA — 40mA Mode — Coyt =2 x 4.7 uF Figure 25
Vpos Output Ripple Any load Figure 26
LOAD TRANSIENT
Load Transient ViN=2.9V — lpos = —Ineg =5 MA — 35 mA — 5 mA — 40mA Mode — L = 4.7 pH Figure 27
Load Transient ViN=3.7V — lpos = =Ineg =5 MA — 35 mA — 5 mA — 40mA Mode — L = 4.7 pH Figure 28
Load Transient ViN=4.5V — lpos = —Ineg =5 MA — 35 mA — 5 mA — 40mA Mode — L = 4.7 pH Figure 29
LINE TRANSIENT
Line Transient ViN=28V —>45V — 28V — Ipgs = —Ineg = 0 MA — 40mA Mode — L = 4.7 pH Figure 30
Line Transient ViN=28V —>45V — 28V — lpgs = —Ineg =5 MA — 40mA Mode — L = 4.7 pH Figure 31
Line Transient ViN=28V > 45V — 28V — Ipgs = —Ineg = 35 MA — 40mA Mode — L = 4.7 pH Figure 32
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Table 12. Table Of Graphs (continued)

PARAMETER CONDITIONS Figure
POWER SEQUENCING
Power-up Sequencing Simultaneous — no load Figure 33
Power-down Sequencing Simultaneous — no load with Active Discharge Figure 34
Power-up Sequencing Sequential — no load Figure 35
Power-down Sequencing Sequential — no load with Active Discharge Figure 36
Power-up/down . . . . )
Sequencing Simultaneous — no load with Active Discharge Figure 37
Power-up/down Simultaneous — no load without Active Discharge Figure 38
Sequencing
INRUSH CURRENT
Inrush Current Simultaneous — no load — 40mA Mode Figure 39
Inrush Current Sequential — no load — 40mA Mode Figure 40
Inrush Current Simultaneous — no load — 40mA Mode — TPS65132B2, —Lx, —Sx, —Tx, —Wx Figure 41
Inrush Current Sequential — no load — 40mA Mode — TPS65132B2, —Lx, —Sx, —Tx, “-Wx Figure 42
LOAD REGULATION
Vpos Vs Output Current Vpos = 5.0 V— 40mA Mode — lpos =0 mA to 40 mA — L = 4.7 pH and 2.2 pH Figure 43
Vpos Vs Output Current Vpos = 5.4 V — 40mA Mode — lpos = 0 mA to 40 mA — L = 4.7 pH and 2.2 pH Figure 44
VNeg VS Output Current Vneg = —5.0 V— 40mA Mode — Iygg =0 mAto 40 mA — L =4.7 pH and 2.2 pH Figure 45
VNeg VS Output Current Vneg = 5.4V — 40mA Mode — Iygg =0 mAto 40 mA — L =4.7 pH and 2.2 pH Figure 46
LINE REGULATION
Vpos Vs Output Voltage \;fll—'? =25V1t055V —Vpgs=5.0V —40mA Mode — Ipgs =20 mA — L =4.7 pH and 2.2 Figure 47
Vpos Vs Output Voltage K}I.T =25V1t055V —Vpos =54V —40mA Mode — lpgs =20 mMA — L =4.7 pH and 2.2 Figure 48
Viee Vs Output Voltage \;fll—'? =25V1t055V — Vygg =-5.0 V— 40mA Mode — Iygg =20 mA — L = 4.7 pH and 2.2 Figure 49
Viea VS Output Voltage K}I.T =25V1t055V — V\gg =-5.4V — 40mA Mode — Iygg =20 mA — L = 4.7 pyH and 2.2 Figure 50
NOTE
In this section, Ioyt Mmeans that the outputs are loaded with lpos = —Iygg Simultaneously.
100 100
95 95
90 | ——— F — == i 90 /_/,—::-_’:———--————‘
< & = B . 85 — ==
o o =
& o | A SN
S s | gy V4
£ 75 c 75
8 0|/ 2 0| f
& 70 ’ = 70 /
W oes - W oes _
VIN = 4.5V VIN = 4.5V
€0 — ——VIN=3.7V €0 — ——VIN=37V
% VIN = 2.8V % VIN = 2.8V
50 50
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
IOUT (mA) IOUT (mA)
+5.0V L=47pH +54V L=47pH
Figure 20. Combined Efficiency — 40mA Mode Figure 21. Combined Efficiency — 40mA Mode
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Figure 22. Combined Efficiency — 40mA Mode

Figure 23. Combined Efficiency — 40mA Mode

L=4.7pH

T A R L B T [ T
VNEGiAC [INEG:2m

Viee sc [hee = 40MA] -

Lo b b by Ly Ty Loy Lo by by
200mY W By 1 0.
che

COUT =47 l.lF

Figure 24. V\gg Output Voltage Ripple — 40mA Mode
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Figure 25. Vygg Output Voltage Ripple — 40mA Mode

1
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Figure 26.

Vpos Output Voltage Ripple
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Vin=29V Aloyt =30 mA

Figure 27. Load Transient — 40mA Mode

ohl s0OmY b e chz  500mY b B
Chi  500mA @ cha
Vin=3.7V Aloyt =30 mA

Figure 28. Load Transient — 40mA Mode

T T T T T

loos = Ineo
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Figure 29. Load Transient — 40mA Mode
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Figure 30. Line Transient — 40mA Mode
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Figure 31. Line Transient — 40mA Mode
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Figure 32. Line Transient — 40mA Mode
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thi SOy o sy i

Ch1 S.av Chz S04
ch3  S.av Chd S0 cht

Figure 34. Power-Down Sequencing — Simultaneous
(with Active Discharge)

chi 50V chd 5.0V chi

Figure 36. Power-Down Sequencing — Sequential
(with Active Discharge)

Figure 37. Power-Up/Down With Active Discharge

Figure 38. Power-Up/Down Without Active Discharge
(TPS65132Ax only)
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Ch3  5.0% cha  200mA @ chl

Figure 39. Inrush Current — Simultaneous

Chl  S0% [
Ch3  S0% cha  200mA @ chl

Figure 40. Inrush Current — Sequential

Chz  5.0¢
Ch4  200mA Q Bw Ch

Figure 41. Inrush Current — Simultaneous
(TPS65132B2, —Lx, —Sx, —=Tx, —Wx)

Ch2
Chd

5.0v
200rmé Q Bu Chi

Figure 42. Inrush Current — Sequential
(TPS65132B2, —Lx, —Sx, —=Tx, —Wx)
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Figure 43. Load Regulation
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Figure 44. Load Regulation
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Figure 45. Load Regulation Figure 46. Load Regulation
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Figure 47. Line Regulation Figure 48. Line Regulation
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Figure 49. Line Regulation Figure 50. Line Regulation
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9.2.2 Mid-current Applications (£ 80 mA)

The TPS65132 can be programmed to 80mA mode with the APPS bit to support applications that require output
currents up to 80 mA (refer to Figure 17). The 80mA mode is limiting the negative charge pump (CPN) output
current to 80 mA DC in order to provide the highest efficiency possible where the V pog, rail can deliver up to 200
mA DC regardless of the mode. Output peak currents are supported by the output capacitors.

L
2.2 pH
YY)
VN © —T_ VIN SW
2.5V 1055V e ouTP . Veos
MM 1 e 5.4 V/80 mA
o——ENP REGI—
c2 10 uF
o—— ENN g 10 F 3;
O—SCL  oumn ’ Ve
o— 1 spa 1 5.4 V/80 mA
10 yF
PGND  CFLY1|——_c4
CFLY2— 4.7 uF

J; AGND

Figure 51. Typical Mid-current Application Circuit

9.2.2.1 Design Requirements

Table 13. Design Parameters

PARAMETERS EXAMPLE VALUES
Input Voltage Range 25Vto55V
Output Voltages 40Vto6.0V,-40Vto-6.0V
Output Current Rating 80 mA
Boost Converter Switching Frequency 1.8 MHz
Negative Charge Pump Switching Frequency 1.0 MHz

9.2.2.2 Detailed Design Procedure

The design procedure for the mid-current applications (80mA mode) is identical to the one for the low-current
applications (40mA mode), except for the BOM (bill of materials). Refer to the Detailed Design Procedure for
details about the sequencing and the general component selection.

9.2.2.2.1 Boost Converter Design Procedure

9.2.2.2.1.1 Inductor Selection (Boost Converter)

In order to keep the ratio Igyt/Al. low enough for proper sensing operation purpose, it is recommended to use a
2.2 pH inductor for 80mA mode. For details, see Inductor Selection (Boost Converter).

9.2.2.2.1.2 Input Capacitor Selection (Boost Converter)

A 4.7 uF minimum bypass capacitor is required as close as possible from VIN to GND. This capacitor is also
used as the boost converter input capacitor.

For better input voltage filtering, this value can be increased or two capacitors can be used: one 4.7 pF input
capacitor for the boost converter as well as a 1 pF bypass capacitor close to the VIN pin. Refer to the
Recommended Operating Conditions, Table 10 and Figure 51 for input capacitor recommendations.
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9.2.2.2.1.3 Output Capacitor Selection (Boost Converter)

For best output voltage filtering low ESR ceramic capacitors are recommended. A minimum of 10 pF ceramic
output capacitor is required. Higher capacitor values can be used to improve the load transient response. Refer
to the Recommended Operating Conditions, Table 10 and Figure 51 for output capacitor recommendations.

9.2.2.2.2 Input Capacitor Selection (LDO)

The LDO input capacitor is also the boost converter output capacitor. Refer to the Recommended Operating
Conditions, Table 10 and Figure 51.

9.2.2.2.3 Output Capacitor Selection (LDO)

The LDO is designed to operate with a 4.7 uF minimum ceramic output capacitor. Refer to the Recommended
Operating Conditions, Table 10 and Figure 51.

9.2.2.2.4 Input Capacitor Selection (CPN)

The CPN input capacitor is also the boost converter output capacitor. Refer to the Recommended Operating
Conditions, Table 10 and Figure 51.

9.2.2.2.5 Output Capacitor Selection (CPN)

The CPN is designed to operate with a 10 pF minimum ceramic output capacitor. Refer to the Recommended
Operating Conditions, Table 10 and Figure 51.

9.2.2.2.6 Flying Capacitor Selection (CPN)

The CPN needs an external flying capacitor. The minimum value is 4.7 uF. Special care must be taken while
choosing the flying capacitor as it will directly impact the output voltage accuracy and load regulation
performance. Therefore, a minimum capacitance of 2.2 pF must be achieved by the capacitor at a DC bias
voltage of |VNEG| + 300 mV. For proper operation, the flying capacitor value must be lower than the output
capacitor of the boost converter on REG pin.

9.2.2.3 Application Curves
Vin=3.7V, Vpos = 5.4V, V\ge = -5.4 V, unless otherwise noted

Table 14. Component List For Typical Characteristics Circuits

REFERENCE DESCRIPTION MANUFACTURER AND PART NUMBER®
2.2 yF, 16 V, 0603, X5R, ceramic Murata - GRM188R61C225KAAD
C 4.7 uF, 16 V, 0603, X5R, ceramic Murata - GRM188R61C475KAAJ
10 pF, 16 V, 0603, X5R, ceramic Murata - GRM188R61E106MA73
L 2.2 pH, 2.4 A, 130 mQ, 2.5 mm x 2.0 mm x 1.0 mm Toko - DFE252010C (1269AS-H-2R2N=P2)
Ul TPS65132AYFF Texas Instruments

(1) See Third-Party Products Disclaimer
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Table 15. Table Of Graphs

PARAMETER CONDITIONS Figure
EFFICIENCY
Eficiency vs. Output 5.0V — 80mA Mode — L = 2.2 uH Figure 52
(E:ﬁir?i:rr&cy vs. Output + 5.4V — 80mA Mode — L = 2.2 iH Figure 53
CONVERTERS WAVEFORMS
Vneg Output Ripple INec =4 MA /40 mA / 80 mA — 80mA Mode — Coyt = 10 puF Figure 54
Vneg Output Ripple INec =4 MA /40 mA / 80 mA — 80mA Mode — Coyt =2 x 10 pF Figure 55
Vpos Output Ripple Ipos = 150 mA — 80mA Mode Figure 56
LOAD TRANSIENT
Load Transient ViN=2.9V — lpgs = —Inyeg = 10 mMA — 70 mA — 10 mA — 80mA Mode — L = 2.2 pH Figure 57
Load Transient VN = 3.7V — lpos = —Inyeg = 10 mA — 70 mA — 10 mA — 80mA Mode — L = 2.2 pH Figure 58
Load Transient ViN =4.5V — lpgs = —Inyeg = 10 mMA — 70 mA — 10 mA — 80mA Mode — L = 2.2 pH Figure 59
LINE TRANSIENT
Line Transient ViN=28V —>45V — 28V — lpgs = —Ineg = 0 mA — 80mA Mode — L = 2.2 uH Figure 60
Line Transient ViN=28V —>45V — 2.8V — lpgs = —Ineg = 40 mMA — 80mA Mode — L = 2.2 pH Figure 61
Line Transient ViN=28V —>45V — 28V — lpgs = —Ineg = 70 MA — 80mA Mode — L = 2.2 pH Figure 62
POWER SEQUENCING
Power-up Sequencing Simultaneous — no load Figure 63
Power-down Sequencing | Simultaneous — no load with Active Discharge Figure 64
Power-up Sequencing Sequential — no load Figure 65
Power-down Sequencing | Sequential — no load with Active Discharge Figure 66
gg‘évlfé}]ucﬁ’é (é]own Simultaneous — no load with Active Discharge Figure 67
gg\évueé-nucpi)écéown Simultaneous — no load without Active Discharge Figure 68
INRUSH CURRENT
Inrush Current Simultaneous — no load — 80mA Mode Figure 69
Inrush Current Sequential — no load — 80mA Mode Figure 70
Inrush Current Simultaneous — no load — 80mA Mode — TPS65132B2, —Lx, —Sx, —Tx, “-Wx Figure 71
Inrush Current Sequential — no load — 80mA Mode — TPS65132B2, —Lx, —Sx, —Tx, —“Wx Figure 72
LOAD REGULATION
Vpos Vs Output Current Vpos = 5.0 V— 80mA Mode — lpps =0 mA to 80 mA — L =2.2 uH Figure 73
Vpos Vs Output Current Vpos = 5.4 V — 80mA Mode — lpps =0 mA to 80 mA — L =2.2 uH Figure 74
VNeg Vs Output Current VyNeg = 5.0 V— 80mA Mode — Iygg =0 mAto 80 mA — L = 2.2 pH Figure 75
VNeg Vs Output Current VNeg = 5.4 V — 80mA Mode — Iygg =0 mAto 80 mA — L = 2.2 pH Figure 76
LINE REGULATION
Vpos Vs Output Voltage ViN=25V 1055V — Vpgs =5.0 V— 80mA Mode — Ipgs =60 mA — L =2.2 pH Figure 77
Vpos Vs Output Voltage ViN=25V 1055V —Vpos =5.4V — 80mA Mode — Ipgs =60 mA — L = 2.2 pH Figure 78
VNeg Vs Output Voltage ViN=25V 1055V — Vygg =-5.0 V— 80mA Mode — Iygg =60 mA — L =2.2 pH Figure 79
VNeg Vs Output Voltage ViN=25V 1055V — Vygg =-5.4V — 80mA Mode — Iygg =60 mA — L =2.2 pH Figure 80

NOTE

In this section, loyt Means that the outputs are loaded with Ipgs = —Iygg Simultaneously.

38
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Figure 52. Combined Efficiency — 80mA Mode
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Figure 53. Combined Efficiency — 80mA Mode
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Figure 54. V\gg Output Voltage Ripple — 80mA Mode
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Figure 55. V\gg Output Voltage Ripple — 80mA Mode
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Figure 56. Vpos Output Voltage Ripple
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Figure 57. Load Transient — 80mA Mode

2—} i

>

loos - Ines
T T

G S0 1 e e EI0mT L Bw
thi  50.0mA @ one
Vin=3.7V Aloyt = 60 mA

Figure 58. Load Transient — 80mA Mode
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Figure 61. Line Transient — 80mA Mode
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Figure 59. Load Transient — 80mA Mode Figure 60. Line Transient — 80mA Mode
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Figure 62. Line Transient — 80mA Mode
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thi SOy o sy i

Ch1 S.av Chz S04
ch3  S.av Chd S0 cht

Figure 64. Power-Down Sequencing — Simultaneous
(with Active Discharge)

chi 50V chd 5.0V chi

Figure 66. Power-Down Sequencing — Sequential
(with Active Discharge)

Figure 67. Power-Up/Down With Active Discharge

Figure 68. Power-Up/Down Without Active Discharge
(TPS65132Ax only)

Copyright © 2013-2016, Texas Instruments Incorporated

41



TPS65132
ZHCSCH4H —JUNE 2013—REVISED NOVEMBER 2016

13 TEXAS
INSTRUMENTS

www.ti.com.cn

Chl  S0% [
Ch3  S0% cha  200mA @ chl

Figure 69. Inrush Current — Simultaneous

[ [
Ch3  5.0% cha  200mA @ chl

Figure 70. Inrush Current — Sequential

Chz  5.0v
Chd  200mA Q Chi

Figure 71. Inrush Current — Simultaneous
(TPS65132B2, —LX, —Sx, —Wx)

Ch2
Chd

5.0v
200rmé Chi

Figure 72. Inrush Current — Sequential
(TPS65132B2, —LX, —Sx, —Wx)
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Figure 73. Load Regulation
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Figure 74. Load Regulation
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Figure 75. Load Regulation Figure 76. Load Regulation
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Figure 79. Line Regulation Figure 80. Line Regulation
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9.2.3 High-current Applications (£ 150 mA)

The TPS65132Sx version allows output current up to 150 mA on both Vpog and Vygg When the SYNC pin is
pulled HIGH. If the SYNC pin is pulled LOW, the TPS65132Sx can be programmed to 40mA or 80mA mode with
the APPS bit to lower the output current capability of the Vg rail if needed (in the case the efficiency is an
important parameter). See Low-current Applications (< 40 mA) and Mid-current Applications (< 80 mA) for more
details about the 40mA and 80mA modes.

L
2.2 uH
Y Y YL
VN © _T_ VIN SW
25Vt055V 4071 . ouTP . Vpos
s _L c3 5.4 /150 mA
o——EN REGI— ¢, 10 uF
Vv
o SCL OUTN ° o NE©
o SDA _L cs —5.4 V/150 mA
10 pF
PGND CFLY1|—_ C4
| T 47 F

J; AGND  CFLY2

Figure 81. Typical Application Circuit For High Current

9.2.3.1 Design Requirements

Table 16. Design Parameters

PARAMETERS EXAMPLE VALUES
Input Voltage Range 25Vto55V
Output Voltages 40Vto6.0V,-40Vto-6.0V
Output Current Rating 150 mA
Boost Converter Switching Frequency 1.8 MHz
Negative Charge Pump Switching Frequency 1.0 MHz

9.2.3.2 Detailed Design Procedure

The design procedure and BOM list of the TPS65132Sx is identical to the 80mA mode. Please refer to the Mid-
current Applications (< 80 mA) for more details about the general component selection.

44 Copyright © 2013-2016, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS
TPS65132

www.ti.com.cn ZHCSCH4H —JUNE 2013—-REVISED NOVEMBER 2016

9.2.3.2.1 Sequencing

The output rails (Vpos and Vygg) are enabled and disabled using an external logic signal on the EN pin. The
power-up and power-down sequencing events are programmable. Please refer to Programmable Sequencing
Scenarios for the different sequencing as well as Registers for the programming options. Figure 98 to Figure 103
show the typical sequencing waveforms.

Simultaneous Vpos = VneG Vies —* Vros

Viy ——/ Vy —— Viy ——/
EN —— | EN j EN f

DLYP1! !

| ! !
Pl IDLYP1I | I DLYP1I
—pi /| [
Veos l / Veos i /i Veos ! I
| | TT 1
V, : ‘ Vv V
NEG ! ! NEG } i ‘ NEG «—p\|
IDLYN1! IDLYN11
—> ‘

Power-Up Sequencing

Power-Down Sequencing
<
o
(]
(2]
,Q
o3
S_
<
0
(]
w
s
>3
‘ S_
<
)
o
(2]
H
>3
3

Figure 82. Programmable Sequencing Scenarios

NOTE
* In the case where the UVLO falling threshold is triggered while the enable signal is still
HIGH (EN), all converters will be shut down instantaneously and both Vpog and Vyeg
output rails will be actively discharged to GND.
» The power-up and power-down sequencing must be finalized (all delays have passed)
before re-toggling the EN pin.

9.2.3.2.2 SYNC = HIGH

When the SYNC pin is pulled HIGH, the boost converter voltage increases instantaneously to allow enough
headroom to deliver the 150 mA. See Figure 88 to Figure 91 for detailed waveforms.

When SYNC pin is pulled LOW, the boost converter keeps its offset for 300 ps typically, and during this time, the
device is still capable if supplying 150 mA on both output rail. After these 300 us have passed, current limit
settles at 40 mA or 80 mA maximum, depending on the application mode it is programmed to (40mA or 80mA —
see Low-current Applications (< 40 mA) and Mid-current Applications (< 80 mA) for more details ) and the boost
output voltage regulates down to its nominal value.

9.2.3.2.3 Startup

The TPS65132Sx can startup with SYNC = HIGH, however, the boost offset as well as the 150 mA output
current capability will only be available as soon as the last rail to start is in regulation.
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9.2.3.3 Application Curves
Vin= 3.7V, Vpos= 5.4 V, Vygc= -5.4 V, unless otherwise noted

Table 17. Component List For Typical Characteristics Circuits

REFERENCE DESCRIPTION MANUFACTURER AND PART NUMBER
2.2 yF, 16 V, 0603, X5R, ceramic Murata - GRM188R61C225KAAD
Cc 4.7 pF, 16 V, 0603, X5R, ceramic Murata - GRM188R61C475KAAJ
10 pF, 16 V, 0603, X5R, ceramic Murata - GRM188R61E106MA73
L 2.2 uH, 2.4 A, 130 mQ, 2.5 mm x 2.0 mm x 1.0 mm Toko - DFE252010C (1269AS-H-2R2N=P2)
Ul TPS65132SYFF Texas Instruments
Table 18. Table Of Graphs
PARAMETER CONDITIONS Figure
EFFICIENCY
Efficiency vs. _ _ .
Output Current +50V —SYNC =HIGH —L=2.2puH Figure 83
Efficiency vs. _ _ .
Output Current +54V —SYNC=HIGH—L=22pH Figure 84
CONVERTERS WAVEFORMS
Vpos OUtpUt _ _ _ .
Ripple lpos = 150 mA — SYNC = HIGH Figure 85
Ve Output Inec = 10mA / 80 mA / 150 mA — SYNC = HIGH — Coyr = 10 pF Figure 86
Ripple NEG = 10M m MA — = —Cour =104 igure
Veg Output =4mA/40 mA/80 SYNC = HIGH — Coyr = 2 x 10 igure 8
Ripple INec =4 MA /40 mA MA — SYNC = HIGH — Coyt = 2 x 10 pF Figure 87
SYNC = HIGH Signal
SYNC = HIGH lpos = —Ineg = 10 mA Figure 88
SYNC = HIGH lpos = —Ineg = 150 mA Figure 89
SYNC = HIGH .
Zoom IPOS = _INEG =10 mA Flgure 90
SYNC = LOW .
Zoom lpos = —IneG = 10 mA Figure 91
LOAD TRANSIENT
Load Transient ViN=2.9V — Ipos = —Ineg = 10 mA — 150 mA — 10 mA — SYNC = HIGH — L =2.2 uH Figure 92
Load Transient ViN = 3.7V — Ipos = —Ineg = 10 mA — 150 mA — 10 mA — SYNC = HIGH — L =2.2 uH Figure 93
Load Transient ViN=4.5V — Ipos = —Ineg = 10 mA — 150 mA — 10mA — SYNC = HIGH — L =2.2 uH Figure 94
LINE TRANSIENT
Line Transient ViN=28V —>45V — 28V — lpgs = —Ineg =10 MA — SYNC = HIGH — L = 2.2 pH Figure 95
Line Transient ViNn=28V > 45V — 28V — Ipos = —Ineg = 100 mA — SYNC = HIGH — L =2.2 pH Figure 96
Line Transient ViN=28V —>45V — 28V — Ipos = —Ingg = 150 mA — SYNC = HIGH — L =2.2 pH Figure 97
POWER SEQUENCING
Power-up . .
Sequencing Simultaneous — no load Figure 98
gower-d(_)wn Simultaneous — no load with Active Discharge Figure 99
equencing
Power-up . .
Sequencing Sequential (Vpos — Vneg) — no load Figure 100
Power-down . . ) . .
Sequencing Sequential (Vneg — Vpos) — ho load with Active Discharge Figure 101
Power-up . .
Sequencing Sequential (Vneg — Vpos) — no load Figure 102
Power-down . . ) . .
Sequencing Sequential (Vpos — VNes) — ho load with Active Discharge Figure 103
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Table 18. Table Of Graphs (continued)

PARAMETER CONDITIONS Figure
gg\évjé—nucpi):](é]own Simultaneous — no load without Active Discharge Figure 104
gg\évfé-nucpi)r/]céown Simultaneous — no load with Active Discharge Figure 105
INRUSH CURRENT
Inrush Current Simultaneous — no load — SYNC = HIGH — L = 2.2 pH Figure 106
Inrush Current Sequential — no load — SYNC = HIGH — L = 2.2 pH Figure 107
LOAD REGULATION
Upos V& OUPUL |05 = 5.0 V — SYNC = HIGH — lpos = 0 A t0 150 mA — L = 2.2 LH Figure 108
\éﬁcr’rse‘r:ts Output |y, = 5.4V — SYNC = HIGH — Ipos = 0 MA to 150 mA — L = 2.2 uH Figure 109
Vneg VS Output =_5.0V— SYNC = HIG =0 0 =22 i 0
Current Vneg = 5.0V — SYNC = HIGH — Iygg =0 mAto 150 mA — L = 2.2 pH Figure 11
\éﬁir‘]’f Output |/ = 5.4V — SYNC = HIGH — Iyeg = 0 mA to 150 mA — L = 2.2 uH Figure 111
LINE REGULATION
xgﬁgs’es Output |y, =25V 10 5.5V — Vpog = 5.0 V— SYNC = HIGH — Ipos = 120 mA — L = 2.2 uH Figure 112
ggﬁgs’es Output |y, = 25V 10 5.5V — Vpos = 5.4 V — SYNC = HIGH — Ipog = 120 mMA — L = 2.2 uH Figure 113
xgﬁgg"; Output |/ =25V 10 5.5V — Vyeg = =5.0 V — SYNC = HIGH — Iygg = 120 MA — L = 2.2 uH Figure 114
xgﬁgg"es Output |/ = 25V 10 5.5V — Vyeg = ~5.4 V — SYNC = HIGH — Iygg = 120 MA — L = 2.2 uH Figure 115

In this section, loyt Means that the outputs are loaded with Ipgg = —Ingg Simultaneously.

NOTE

Copyright © 2013-2016, Texas Instruments Incorporated

47



TPS65132

13 TEXAS

INSTRUMENTS

www.ti.com.cn

ZHCSCH4H —JUNE 2013-REVISED NOVEMBER 2016
100
95
90
85 — T = ===
< 80 o -
ks [
o
£ 70
w
65 VIN = 4.5V
60 — — = VIN=3.7V
55
------- VIN = 2.8V
50
0 10 20 30 40 50 60 70 80 90 100110120130140150
IOUT (mA)
Figure 83. Combined Efficiency — + 5.0 V — SYNC = HIGH
L=22pH
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Figure 84. Combined Efficiency — + 5.4V — SYNC = HIGH
L=22pH
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Figure 85. Vpog Output Voltage Ripple — SYNC = HIGH
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Figure 86. V\gg Output Voltage Ripple — SYNC = HIGH —
L=2.2pH— Cour = 10 pF
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Figure 87. V\gg Output Voltage Ripple — SYNC = HIGH —
L=22puH —Coyr=2x 10 pF
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Figure 90. SYNC = HIGH (zoom)

Ch1 0% Ch2 200rmt w Chi1 50v Ch2 200mY Bw
Ch3 100mY 1 Bw Ch4 100mY % Bw Ch1 Ch3 100mY % Bw Ch4 100mY 1 Bw Ch1
Figure 88. SYNC Signal — loyt = 10 mA Figure 89. SYNC Signal — lgyt = 150 mA
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Figure 91. SYNC = LOW (zoom) with Delay
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Figure 92. Load Transient — Viy =29V
SYNC = HIGH — Algyt = 140 mA
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Figure 93. Load Transient — V\y=3.7V
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SYNC = HIGH — Algyt = 140 mA
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Figure 94. Load Transient — V|y = 4.5V
SYNC = HIGH — Algyr = 140 mA
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Figure 95. Line Transient — gyt = 10 mA
SYNC = HIGH — AV|y =17V
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Figure 96. Line Transient — lgyt = 100 mA
SYNC = HIGH — AV|\y=1.7V

|
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Figure 97. Line Transient — lgyt = 150 mA
SYNC = HIGH — AV|\y=1.7V
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Figure 98. Power-Up Sequencing — Simultaneous
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cha  50% Chd  5.0v chi

Figure 99. Power-Down Sequencing — Simultaneous
SYNC = HIGH
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chl  S0% Chz  S.0%
cha  S0% Chd  S0v chi

Figure 100. Power-Up Sequencing — Sequential
VPOS — VNEG — SYNC = HIGH

chl  S0% Chz  S.0%
cha  S0% Chd  S0v chi

Figure 101. Power-Down Sequencing — Sequential
VNEG — VPOS— SYNC = HIGH

Figure 102. Power-Up Sequencing — Sequential
VNEG — VPOS — SYNC = HIGH

Figure 103. Power-Down Sequencing — Sequential
VPOS — VNEG — SYNC = HIGH

Chl  50% che 50V
Chi  50% cha 50V chl

Figure 104. Power-Up/Down Without Active Discharge —
SYNC = HIGH

Chl  50% che 50V
Chi  50% cha 50V chl

Figure 105. Power-Up/Down With Active Discharge —
SYNC = HIGH
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Figure 106. Inrush Current — Simultaneous —
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Figure 107. Inrush Current — Sequential
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Figure 108. Load Regulation Vppog = 5.0 V— SYNC = HIGH
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Figure 109. Load Regulation Vppog = 5.4 V — SYNC = HIGH
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Figure 110. Load Regulation Vygg =-5.0 V— SYNC =
HIGH
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Figure 111. Load Regulation Vygg =-5.4 V — SYNC =
HIGH
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Figure 112. Line Regulation Vpos = 5.0 V— SYNC = HIGH Figure 113. Line Regulation Vpos = 5.4 V — SYNC = HIGH
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25272931333537394.143454749515355 25272931333537394143454749515355
VIN (V) VIN (V)
Figure 114. Line Regulation Vygg = =5.0 V — SYNC = HIGH Figure 115. Line Regulation Vygg = -5.4 V — SYNC = HIGH

10 Power Supply Recommendations

The devices are designed to operate from an input voltage supply range between 2.5 V and 5.5 V. This input
supply must be well regulated. A ceramic input capacitor with a value of 4.7 uF is a typical choice.
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11 Layout

11.1 Layout Guidelines

PCB layout is an important task in the power supply design. Good PCB layout minimizes EMI and allows very
good output voltage regulation. For the TPS65132 the following PCB layout guidelines are recommended.

Keep the power ground plane on the top layer (all capacitor grounds and PGND pins must be
connected together with one uninterrupted ground plane).

AGND and PGND must be connected together on the same ground plane.
Place the flying capacitor as close as possible to the IC.

Always avoid vias when possible. They have high inductance and resistance. If vias are necessary, always
use more than one in parallel to decrease parasitics especially for power lines.

Connect REG pins together.

For high dv/dt signals (switch pin traces): keep copper area to a minimum to prevent making unintentional
parallel plate capacitors with other traces or to a ground plane. Best to route signal and return on same layer.

For high di/dt signals: keep traces short, wide and closely spaced. This will reduce stray inductance and

decrease the current loop area to help prevent EMI.

Keep input capacitor close to the IC with low inductance traces.
Keep trace from switching node pin to inductor short if possible: it reduces EMI emissions and noise that

may couple into other portions of the converter.

Isolate analog signal paths from power paths.

11.2 Layout Example

C5

|-

Sy p—

Ve PN
\ \ \
O I ENN ) | OUTN ) | CFLY2
\ / 1 \ !

S
/"\\ /,‘\ /"\\
\
O e ) '\O/ 1 PND ) c4

-

s NT N
sCL

’ \\ /"\\ /"\\

LN O | CFLY1

\ LN LEEN 0

NN ~_7

PN

v 7 v 7 \
1w ) |O | REG
\ \ !

s ~_s N &

- = PR
L1 /N Ny \
I PGND ) | REG ) | OUTP
\\—‘/ \\—‘/ \ 7
C

O Via to signal layer on internal or bottom layer.

Figure 116. PCB Layout Example for CSP Package
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PGND| 2 ! L 15 | OUTP c3

AGND
C1 B
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T . PowerPAD !

VIN[ 4 ! . 13 | CFLY1
O Enp|[ s B
c4
O ENN[ &} oo L pGJD
[ \”‘ \”‘ \”‘
i7hois!l 9! 10!
1} 1 ! 1 ! 1 ! 1
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O Via to signal layer on internal or bottom layer.

Figure 117. PCB Layout Example for QFN Package
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12.3 #XHEIF

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective

contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

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

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

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 FFHRHEES

A XU EOSARMANE ESD Ry, FHEESRER, S SE& a3 B CE T Ram S, BB MOS ['IARIE 32 #5 it
‘%\ i
12.6 Glossary

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

JiRA © 2013-2016, Texas Instruments Incorporated 55



13 TEXAS
INSTRUMENTS
TPS65132

ZHCSCH4H —JUNE 2013-REVISED NOVEMBER 2016 www.ti.com.cn

13 U, BERATRTIAE R

PUR DO AR AL, S AR TS o XS5 R X 1 5C A F mT SE LA o Mt o X Lol S~ A2 ST 1 AN
AR HATIEAT G DU R AR . SRR BR R A S s hicAs, 5 20 22 0 1 3 A

13.1 CSP H3:gH

CHIP SCALE PACKAGE CHIP SCALE PACKAGE
(top view) (bottom view)

OO
OO
7

Ball A1 /

TIYMLLLL S
TPS
65132xx

Code:

o TI--Tlletters

¢ YM -- Year-Month date code

e LLLL -- Lot trace code

« S -- Assembly site code

« xx -- Revision code (contains alpha-numeric characters - can be left
blank), refer to the Ordering Information section for detailed information)

13.1.1 ERFEHFER

TPS65132 %&F % 15 /™ fith ¢k %: (YFF, NanoFree™), $}%% R~f4nF:
« D = 2108um +30um

* D = 1514pum +30pum
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CSP HIEME (BT N)
13.1.2 RVC H3EHEE

QFN PACKAGE QFN PACKAGE
(top view) (bottom view)

TEHHEE

10 17
65132xx 18
TIYMS PowerPAD
LLLL

19

ENENENT

ERERENE

20

% o [o] ¢ o] [ [1

Pin 1

Code:

o TI--Tlletters

¢ YM -- Year-Month date code

e LLLL -- Lot trace code

« S -- Assembly site code

» xx -- Revision code (contains alpha-numeric characters - can be left
blank), refer to the Ordering Information section for detailed information)
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
6)
TPS65132A0YFFR ACTIVE DSBGA YFF 15 3000 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS R
65132A0 L
TPS65132AYFFR ACTIVE DSBGA YFF 15 3000 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS
65132A L
TPS65132BOYFFR ACTIVE DSBGA YFF 15 3000 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS
6513280 R
TPS65132B2YFFR ACTIVE DSBGA YFF 15 3000 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS amnles
6513282 R
TPS65132B5YFFR ACTIVE DSBGA YFF 15 3000 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS Eamnles
6513285 R
TPS65132BYFFR ACTIVE DSBGA YFF 15 3000 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS
651328 R
TPS65132LO0YFFR ACTIVE DSBGA YFF 15 3000 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS
65132L0 s
TPS65132LOYFFT ACTIVE DSBGA YFF 15 250 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS ol
65132L0 s
TPS65132LYFFR ACTIVE DSBGA YFF 15 3000 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS =l
65132L s
TPS65132SYFFR ACTIVE DSBGA YFF 15 3000 RoOHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS
651325 Skt
TPS65132T6YFFR ACTIVE DSBGA YFF 15 3000 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS
6513276 Sl
TPS65132T6YFFT ACTIVE DSBGA YFF 15 250 ROHS & Green SNAGCU Level-1-260C-UNLIM -40 to 85 TPS Bl
6513276 L
TPS65132WRVCR ACTIVE WQFN RVC 20 3000 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 65132YA Samples
TPS65132WRVCT ACTIVE WQFN RVC 20 250 ROHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 65132YA Samples

® 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.
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@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® 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.

© Lead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer:The information provided on this page represents TlI'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 TI 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
5 T [ KO [+—P1—»
1]
lReeI ) l
Diameter Cavity # 20 ‘*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O ofSprocket Holes
I
Q1 : Q2
Q3 : Q4 User Direction of Feed
: .4
Pocket\(ljgdrants
*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)
TPS65132A0YFFR DSBGA YFF 15 3000 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132A0YFFR DSBGA YFF 15 3000 178.0 9.2 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132AYFFR DSBGA YFF 15 3000 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132BOYFFR DSBGA YFF 15 3000 178.0 9.2 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132BOYFFR DSBGA YFF 15 3000 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132B2YFFR DSBGA YFF 15 3000 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132B5YFFR DSBGA YFF 15 3000 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132BYFFR DSBGA YFF 15 3000 178.0 9.2 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132BYFFR DSBGA YFF 15 3000 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132LOYFFR DSBGA YFF 15 3000 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132LOYFFT DSBGA YFF 15 250 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132LYFFR DSBGA YFF 15 3000 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132SYFFR DSBGA YFF 15 3000 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132T6YFFR DSBGA YFF 15 3000 180.0 8.4 161 | 221 | 0.7 4.0 8.0 Q1
TPS65132T6YFFT DSBGA YFF 15 250 180.0 8.4 161 | 2.21 0.7 4.0 8.0 Q1
TPS65132WRVCR WQFN RVC 20 3000 330.0 12.4 3.3 4.3 1.1 8.0 12.0 Q1
TPS65132WRVCT WQFN RVC 20 250 180.0 12.4 3.3 4.3 1.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
- E
~_ s
e 7
- > .\\{ P
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65132A0YFFR DSBGA YFF 15 3000 182.0 182.0 20.0
TPS65132A0YFFR DSBGA YFF 15 3000 220.0 220.0 35.0
TPS65132AYFFR DSBGA YFF 15 3000 182.0 182.0 20.0
TPS65132BOYFFR DSBGA YFF 15 3000 220.0 220.0 35.0
TPS65132BOYFFR DSBGA YFF 15 3000 182.0 182.0 20.0
TPS65132B2YFFR DSBGA YFF 15 3000 182.0 182.0 20.0
TPS65132B5YFFR DSBGA YFF 15 3000 182.0 182.0 20.0
TPS65132BYFFR DSBGA YFF 15 3000 220.0 220.0 35.0
TPS65132BYFFR DSBGA YFF 15 3000 182.0 182.0 20.0
TPS65132LOYFFR DSBGA YFF 15 3000 182.0 182.0 20.0
TPS65132LOYFFT DSBGA YFF 15 250 182.0 182.0 20.0
TPS65132LYFFR DSBGA YFF 15 3000 182.0 182.0 20.0
TPS65132SYFFR DSBGA YFF 15 3000 182.0 182.0 20.0
TPS65132T6YFFR DSBGA YFF 15 3000 182.0 182.0 20.0
TPS65132T6YFFT DSBGA YFF 15 250 182.0 182.0 20.0
TPS65132WRVCR WQFN RvVC 20 3000 552.0 367.0 36.0
TPS65132WRVCT WQFN RVC 20 250 552.0 185.0 36.0
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TUBE
T - Tube
height L - Tube length
f
W-Tube _| _ _ _ _ _ _ __ _ _ ___ e _____ 1.
i width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TPS65132WRVCR RVC WQFN 20 3000 381 4.83 2286 0
TPS65132WRVCT RVC WQFN 20 250 381 4.83 2286 0
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GENERIC PACKAGE VIEW
RVC 20 WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RVCO0020A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

J:
PIN 1 INDEX AREA 0.45
41 0.35
3.9
025 |
0.15
DETAIL
OPTIONAL TERMINAL
TYPICAL
I
0.8 MAX
A B W = s =)
0.05 J‘
0.00
EXPOSED ﬂ ﬁ ©-2TvP
: 10 THERMAL PAD |
16X T m i
! ~ n ‘
‘ | —
\ ]
‘ [ symm
. 1
2.6+0.1
‘ ]
SEE TERMINAL | — R
DETAIL l -
ool l*L
0.25 o
. 4 J 20X 015
PIN 11D
0.1 |C|A|B
(OPTIONAL) e 16401 - @ 0.059
0.45 .
20X ¢35

4219150/B 03/2017

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.

3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

RVCO0020A WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
(1.6)
SEMM (RO.05)
20 ‘ 17 TYF;
oo P
11 j i | | 16
O I @i* - - -
20X (0.2) Eb
— | !
! TYP
SYMM iﬁ 21 | i] (3.8)
@4{}+%%*% (2.6)
(_T_] o @
F |
Eg} | CP
16X (0.5) ‘ ﬁ i (p
11
fe{;—b} —— ‘ ) %
| | |
0.2 TYP !
@oz1vp | L@J—UTLB»i ,,,,, 1
|
| | |
7 10
| L (L TYP) 4 |
I (2.8)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:18X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND

:

METAL PN SOLDER MASK
EXPOSED METAL : / OPENING
EXPOSED METAL——
j\- :
| |
}
™~ —_SoLDER MASK ‘\ /XMETAL UNDER
OPENING Nt SOLDER MASK

NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4219150/B 03/2017

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RVCO0020A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

e 2X (1.47) —]
20 17

T

20X (0.2)

(RO.05) TYP

[

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

EXPOSED PAD X
81% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4219150/B 03/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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% PACKAGE OUTLINE

YFFO0015 DSBGA - 0.625 mm max height
DIE SIZE BALL GRID ARRAY
8] E—n
CORNER
D
0.625 MAX
|
‘ D: Max = 2.138 mm, Min =2.078 mm
o) ST E: Max = 1544 mm, Min =1.484 mm
W {
15x¢8:2/ o2 3
[ [0.01500 [c|A[B] A L
TYP
4219378/B 05/2020
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
YFFO0015 DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

(o 4) TYP r

15X () 0.23) w

(. 4) TYP

& @@”
OO C
O O O

SYMM

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:40X

(0.23) 0.05 MAX 0.05 MIN METAL UNDER
METAL f SOLDER MASK

SOLDER MASK — EXPOSED EXPOSED/ \ (@0.23)
OPENING METAL METAL SOLDER MASK
OPENING
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4219378/B 05/2020

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVAO009 (www.ti.com/lit/snva009).
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YFFO0015

EXAMPLE STENCIL DESIGN
DSBGA - 0.625 mm max height

DIE SIZE BALL GRID ARRAY

4—‘

(0.4) TYP ﬁ
! (RO.05) TYP

(~"°\)  SYMM

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

SCALE:40X

4219378/B 05/2020

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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