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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
15 Bumps

(bottom view)
TPS65132Ax / Bx / Lx / Tx
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QIOIO
QIOIO
(=) (= =
(=) (=) (=

(bottom view)
TPS65132Sx
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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)
o 2 2 o
= = | ) Q w = =
17 17 4 < < [i4 %) %)
o % M M M H @
PGND| 1| 177777777 Tmm0y e | ouTp outp | 16 ] 1| PeND
! i
PGND| 2 ! . L35 outp OUTP [5 ] [2] PeND
! i
AGND| 3| ' 14| REG REG [ 14 3 | AGND
 PowerPAD | PowerPAD
VIN| 4 1 U3 | cFLY CFLY1 [ 13 4 | VIN
! |
ENP| 5 | ' | 12_| PGND PGND [ 12 5 | ENP
! i
ENN| 6} oottt S Y PGND [ 1] [6 | ENN
171 18l 1ol ol 10 |o| |8 |7
! 1 ! L ! L ! L
< - z o o z . <
3 % & 3 > £ % 3
(@] o ) (@]
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
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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 YY)
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.
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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
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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.
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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
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[ 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
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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

22 Copyright © 2013-2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps65132?qgpn=tps65132
http://www.ti.com.cn

13 TEXAS

INSTRUMENTS
TPS65132
www.ti.com.cn ZHCSCH4H —JUNE 2013-REVISED NOVEMBER 2016
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— 1 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
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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 ef