I3 TEXAS

INSTRUMENTS

www.ti.com.cn

TPS65137AS

ZHCSBI8B —AUGUST 2011-REVISED SEPTEMBER 2013

250mA XU A IRFEFEA MR L —E (AMOLED) E7-5F IR

ZRE S TPS65137AS

Rk

« 3mm x 3mm 10 5|05 kP To 514k (QFN) &3
Iz ¥ B
« HIEMERE OLED
BRI N
Vin
2.5V to 4.8V
O
Cl
4.7uF{
EN and L
P Ve N
rogram f
C4
100nF

2.5V & 4.8V F N\ H K
0.8% ¥t L FEAEE Vg

H AR BB S TR
250mA far i B

[ 2 4.6V Vi fin i HEE

AT RFE Vs -2.2V & 5.2V

Vg MIBEE N -4.9V
R

Ui B

TPS65137AS # ¥ i H T HX3) 75 % 1E 4 i e AL IR L)
AMOLED &orfE CHURR ARG ZRE) « s
PR T — N EAKIER (LDO) J& B A2 a I TR #%
RN —ANE A T H AL H 2= S I A P - T
Wegs. HriEhl s (CTRL) o HE s Ptk e i
i HE. TPS65137AS fii FH—N Al SHil H o2k i Al
FEFE A AR . T SR AOK 8 b ALK
LB B AR R E N LR TP AMOLED 2R B5f i R 1Y

AP

VPOS
TO 4.6V/250mA

c2
ouTP I4.7pF
VNEG
————— 0
OUTN -4.9V/250mA

SWN

4.7uH

c3
C5 T4.7HF
4.7uF L
L2 =

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

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

Copyright © 2011-2013, Texas Instruments Incorporated
English Data Sheet: SLVSB21


http://www.ti.com.cn/product/cn/tps65137as?qgpn=tps65137as
http://www.ti.com.cn
http://www.ti.com.cn/product/cn/tps65137as#samples
http://www-s.ti.com/sc/techlit/SLVSB21.pdf

TPS65137AS

ZHCSBI8B —AUGUST 2011-REVISED SEPTEMBER 2013

I

TEXAS
INSTRUMENTS

www.ti.com.cn

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

ORDERING INFORMATION® @)

Ta PACKAGE® ORDERABLE PART TOP-SIDE MARKING
NUMBER
—40°C to 85°C 10-Pin 3x3 QFN TPS65137ASDSCR PPGC

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the TI

web site at www.ti.com.

(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

ABSOLUTE MAXIMUM RATINGS

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

VALUE
UNIT
MIN MAX

PVIN, SWP, OUTP, CTRL, VL, CB 55| V

. > OUTN 65| V
Pin Voltage®

SWN -6.5 55| V

CT 36| V

HBM 2| kv

ESD rating MM 200 V

CDM 500 V

T, Operating junction temperature range -40 50| °C

Ta Operating ambient temperature range -40 85| °C

Tstg Storage temperature range —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) With respect to GND pin.

THERMAL INFORMATION

TPS65137AS
THERMAL METRIC® DSC UNITS
10
03a Junction-to-ambient thermal resistance 56.5
038 Junction-to-board thermal resistance 25.2 CAN
Wit Junction-to-top characterization parameter 1.0
Wig Junction-to-board characterization parameter 17.9

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

RECOMMENDED OPERATING CONDITIONS

MIN TYP MAX | UNIT
VN Input supply voltage range 25 3.7 4.8 \%
Ta Operating ambient temperature -40 25 85 °C
T; Operating junction temperature -40 85 125 °C
2 Copyright © 2011-2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

Vin = 3.7V, CTRL = Vi, Vpos = 4.6V, Vyeg = 4.9V, T, = —40°C to 85°C, typical values are at T, = 25°C (unless otherwise

noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY CURRENT AND THERMAL PROTECTION
Vin Input voltage range 2.5 4.8 Vv
lo Operating quiescent current into Vy Vpos and Vyeg have no load® 16 mA
Isp Shutdown current into Vg CTRL = GND 0.1 MA
V| falling 2.0
Vuvio Under-voltage lockout threshold — \%
V| rising 2.3
Thermal shutdown 145 °C
OUTPUT Vpos
Vpos Positive output voltage regulation -0.8% 46 0.8% \%
SWP MOSFET on-resistance Iswp = 200 mA 200 mQ
foson) SWP MOSFET rectifier on-resistance Iswp = 200 mA 250 mQ
fswp SWP Switching frequency lpos = 0 MA 1.6 MHz
lswp SWP switch current limit Inductor valley current 0.9 1.2 A
Vp(scp) Short circuit threshold in operation Vpos falling 3.7 \%
IpLEAK Leakage current into Vpog CTRL = GND 2 5 HA
Vprop LDO drop out voltage lpos = 100 mA 400 mV
Line regulation lpos = 0 MA 0 %IV
Load regulation lpos = 0 to 250 mA 0.28 %I/A
OUTPUT Vpneg
VNEG Negative output voltage default -4.9 \%
Negative output voltage range -2.2 -5.2 \%
Negative output voltage regulation —-5.2<V\gg =-4.2 -1% 1%
—4.2 < Vygg £ -2.2 —-1.5% 1.5%
SWN MOSFET on-resistance Iswn = 200 mA 200
foson) SWN MOSFET rectifier on-resistance Iswn = 200 mA 300 ma
fswn SWN switching frequency INeg = 100 mA 1.7 MHz
lswn SWN switch current limit Vin=29V 1.2 2.2 A
Vn(scp) Short circuit threshold in operation Voltage drop from programmed Vygg 420 mV
Short circuit threshold in start-up 0.18 0.21 0.24 \%
tn(scp) Short circuit detection time in start-up 10 ms
INLEAK Leakage current out of Vyeg CTRL = GND 2 5 HA
Rnpp) Vneg Pull down resistor before start up INeg =1 MA 300 Q
Line regulation 0 %IV
Load regulation INeg = 0 to 250 mA 0.28 %I/A
CTRL INTERFACE
Vy Logic high-level voltage 1.2 \%
A Logic low-level voltage 0.4 \%
R Pull down resistor 150 400 860 kQ
tiNiT Initialization time 300 400 us
torr Shutdown time period 30 80 us
tHIGH Pulse high level time period 10 25 us
tiow Pulse low level time period 10 25 us
tsTORE Data storage/accept time period 30 80 us
Rt C pin output impedance 150 325 500 kQ
(1) With inductor DFE252012C 4.7 pH from TOKO
Copyright © 2011-2013, Texas Instruments Incorporated 3
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DEVICE INFORMATION

10 PIN TQFN PACKAGE

(TOP VIEW
VIN 1 ————710 PGND
SWN 2 | | 9 SWP
OUTN[ J3 | _Exposed | g —icp
| Thermal Die* |
CTRL__]4 | | 7LJouTpP
ctr Js bL———1 6 |GND
Pin Functions
PIN
l1o® DESCRIPTION
NO. | NAME
1 VIN | Input supply for the negative buck-boost converter generating Ve
2 SWN | Switch pin of the negative buck-boost converter
3 OUTN (0] Output of negative buck-boost converter
4 CTRL | Combined enable and Vygg programming pin.
5 CT (0] Sets the settling time for the voltage on Vyegg When programmed to a new value
6 GND G Analog ground
7 OUTP (0] Output of the boost converter
8 CB (0] Internal boost converter bypass capacitor
9 SWP | Switch pin of the boost converter
10 PGND G Power ground of boost converter
Exposed thermal die G Connect this pad to analog GND.

(1) G =Ground, | = Input, O = Output

Copyright © 2011-2013, Texas Instruments Incorporated
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FUNCTIONAL BLOCK DIAGRAM
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TYPICAL CHARACTERISTICS

TABLE OF GRAPHS

FIGURE
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Figure 1. Figure 2.
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Figure 3. Figure 4.
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SWITCH PINS AND OUTPUTS BOOST, Igyt 250mA
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Figure 5.
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Figure 6.
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APPLICATION FOR TYPICAL CHARACTERISTICS

L1
4.7uH
12228
Vin Vpos
2.5V to 4.8V I O 4.6V/250mA
O VIN TPS65137AS SWP c2
c1 PGND OUTP ;[4-7HF
4.7uF VieG
CTRL OUTNj———®—O
EN and _Pi -4.9V/250mA
Program Vies - cT cB j
o—F——

C3
GND SWN c5 T4-7HF
C4 A7pF L
100nF L2 -
47pH L L

Figure 7. Application for Typical Characteristics

Table 1. Bill of Materials for Typical Characteristics

Value Part Number Manufacturer
C1,C2,C3,C5 4.7 uF, X5R GRM21BR61C475KA88 Murata
C4 100 nF, X7R GRM21BR71E104KA01 Murata
L1, L2 4.7 pH DFE252012C 4.7 pH TOKO

Copyright © 2011-2013, Texas Instruments Incorporated



http://www.ti.com.cn/product/cn/tps65137as?qgpn=tps65137as
http://www.ti.com.cn

A UMENTS TPS65137AS

www.ti.com.cn ZHCSBI8B —AUGUST 2011—-REVISED SEPTEMBER 2013

DETAILED DESCRIPTION

The TPS65137AS consists of a boost converter using an LDO as post regulator and an inverting buck-boost
converter. The positive output is fixed at 4.6V. The negative output is programmable by a digital interface in the
range of —2.2V to -5.2V, the default is —4.9V. The transition time of the negative output is adjustable by the CT
pin capacitor.

SOFT START and START-UP SEQUENCE

The device has a soft start to limit the in-rush current. When the device is enabled by the CTRL pin going HIGH,
the boost converter starts with a reduced switch current limit. 8ms after CTRL going HIGH, the buck-boost
converter starts with the default value of —4.9V. The typical start-up sequence is shown in Figure 8.

CTRL /

VPOS

10ms Typ.

VNEG

Figure 8. Start-up Sequence

SHORT CIRCUIT PROTECTION

The device is protected against short circuits of the outputs to ground and short circuit of the outputs to each
other. During normal operation, an error condition is detected if Vpog falls below 3.7V for more than 3ms or Vygg
gets above 420mV above the programmed value for more than 3ms. In either case, the device goes into
shutdown and this state is latched. The input and the outputs are disconnected. To resume normal operation, Vy
has to cycle below UVLO or CTRL has to toggle LOW and HIGH.

During start up, an error condition is detected in the following cases:

*  Vpps is not in regulation 10ms after CTRL goes HIGH.

*  Vneg is higher than threshold level 10ms after CTRL goes HIGH.

*  Vpeg IS not in regulation 20ms after CTRL goes HIGH.

In the above cases, the device goes into shutdown and this state is latched. The input and the outputs are

disconnected. To resume normal operation, VIN has to cycle below UVLO or CTRL has to toggle LOW and
HIGH.

ENABLE (CTRL PIN)

The CTRL pin serves two functions. One is to enable and disable the device the other is the output voltage
programming of the device. If the digital interface is not required the CTRL pin can be used as a standard enable
pin for the device and the device will come up with its default value on Vg of —4.9V. When CTRL is pulled high,
the device is enabled. The device is shut down with CTRL low.

DIGITAL INTERFACE (CTRL)

The digital interface allows programming the negative output voltage Vy\gc in digital steps. If the digital output
voltage setting is not required then the CTRL pin can also be used as a standard enable pin.

Copyright © 2011-2013, Texas Instruments Incorporated 9
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The digital output voltage programming of Vygg is implemented by a simple digital interface with the timing
shown in Figure 9.

a»thL tow o, tricH, P tsTor . tOFF=
High
CTRL
Low
4.62V
VPOS
tscp
- tser
VNEG

-4.9V

-5.0V

Figure 9. Digital Interface Using CTRL

Once CTRL is pulled high the device will come up with its default voltage of —4.9V. The device has a 6-bit DAC
implemented with the corresponding output voltages as given in the table below. The interface counts now the
rising edges applied to the CTRL pin once the device is enabled. For the example above, Vygg is programmed to
—5.0V since 3 rising edges are detected. Other output voltages can be programmed according Table 2.

Table 2. Programming Table for Vygg

BIT/RISING EDGES VNEG DAC VALUE BIT/RISING EDGES VNEG DAC VALUE
0/ no pulse 49V 00000 16 -3.7V 10000
1 5.2V 00001 17 -3.6V 10001
2 5.1V 00010 18 -35V 10010
3 -5.0V 00011 19 -3.4V 10011
4 -49V 00100 20 =33V 10100
5 48V 00101 21 -3.2V 10101
6 4.7V 00110 22 -3.1V 10110
7 46V 00111 23 -3.0V 10111
8 -45V 01000 24 29V 11000
9 4.4V 01001 25 -2.8V 11001
10 -4.3V 01010 26 =27V 11010
11 4.2V 01011 27 -26V 11011
12 -4.1V 01100 28 -25V 11100
13 4.0V 01101 29 2.4V 11101
14 -39V 01110 30 -2.3V 11110
15 -3.8V 01111 31 2.2V 11111

10 Copyright © 2011-2013, Texas Instruments Incorporated
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SETTING TRANSITION TIME tge for Vyeg (Cr)

The device allows setting the transition time t..; using an external capacitor connected to pin CT. The transition
time is the time period required to move Vygg from one voltage level to the next programmed voltage level. The
capacitor connected to pin CT does not influence the soft start time tys of the Vygg default value. When the CT
pin is left open then the shortest possible transition time is programmed. When connecting a capacitor to the CT
pin then the transition time is given by an R-C time constant. This is given by the output impedance of the CT pin
typically 325kQ and the external capacitance. Within one T the output voltage Vygg has reached 70% of its
programmed value. An example is given when using 100nF for Cy.

T = tser700 = 325 kQ x C; = 325 kQ x 100 nF =32.5mS
The output voltage is almost at its programmed value after 3T.

PCB LAYOUT

Figure 10 and Figure 11 show an example of a PCB layout design.

1. Place the input capacitor on VIN and the output capacitor on OUTN as close as possible to the device.
Use short and wide traces to connect the input capacitor to VIN and the output capacitor to OUTN.

2. Place the output capacitor on OUTP and the capacitor on CB as close as possible to the device.
Use short and wide traces to connect the output capacitor to OUTP.

3. Connect the ground of the CT capacitor to the GND pin, pin 6, directly.

4. Connect the input ground and the output ground on the same board layer, not through vias.

/\ H Rk 1 f\
G 7/ 115¥S

Figure 10. Example of PCB Layout Design (Top layer)

Copyright © 2011-2013, Texas Instruments Incorporated 11
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2.3V to 5.5V 2 L 4.7uH 2 4.6V 7 200maA
c1 -
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J3 % 1~~~ 2 ; SWN  SWP —|g 71 J6
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Figure 12. Schematic for the Example of PCB Layout Design
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Vin
2.5V to 4.8V
C1 PGND OuTP
4'7”':9 CTRL OUTN
EN and L
Program Vyes B CcT CB
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Figure 13. Typical Application Circuit
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS65137ASDSCR Active Production WSON (DSC) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 PPGC
TPS65137ASDSCR.B Active Production WSON (DSC) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 PPGC

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

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS65137ASDSCR WSON DSC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65137ASDSCR WSON DSC 10 3000 552.0 346.0 36.0
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/2 TEXAS PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 23-May-2025
TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> 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)
TPS65137ASDSCR DSC WSON 10 3000 381 4.83 2286 0
TPS65137ASDSCR.B DSC WSON 10 3000 381 4.83 2286 0
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GENERIC PACKAGE VIEW
DSC 10 WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - 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.

4207383/F
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DSC0010J

PACKAGE OUTLINE
WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA— |-

05
OQY L N I - I o= I 1 SEATING PLANE
~— 1.65%0.1 —]
X 09 — 0.2) TYP
i |~ e B
{
_ 33 il u ’ C 6 ‘
T D) i ]
=T = Pt 2.4+0.1
—F > ! -
. = | et
) PIN 11D smm | %G
(OPTIONAL) ¢ 05 & %%@
10X o3

4221826/D 08/2018

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.

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DSC0010J WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

e (1.65) ——=

o

10X (0.6) ‘
|
1 1 x |
10X (0.24) T Cb
|
11
|

SYMM (2.4)

¢— 1-O-— %T (3.4)
8xEE!3 | CD J
L H-£5
|
|
|

(R0.05) TYP ‘ \
|
(0.2) VIA ‘ |
TYP ‘ J ‘ |
\ (0.25)
! (0.575) L
1 i
L— (2.8) —J
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
' ALL AROUND
ALL AROUND I“ EXPOSED METAL
EXPOSED METAL e -
\‘\‘ ‘
/
SBENIN MASK/ METAL METAL UNDERJ \—SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOIISEIEIFIe\l II\E/ISSK
(PREFERRED)

SOLDER MASK DETAILS

4221826/D 08/2018

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
DSC0010J WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

e 2X (1.5) ——=

T |
SYMM

EXPOSED METAL

1ox (0.6)

\
|
‘L / 10
T (1.53)
10X (0.24) —

~

S\‘(LME’ T ’*@ @44[_4'_# -
8X (0.5) i |

%EB»

5

(R0.05) TYP i I
i 4% (0.34)
|
[

!
|
|
|
R N
&
T

ﬁl—# 4X (0.25)

|
|
|
|
|
(28) .

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 11:
80% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4221826/D 08/2018

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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https://www.ti.com.cn/zh-cn/legal/terms-conditions/terms-of-sale.html
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