i3 TExAS
INSTRUMENTS TPS65137

www.ti.com SLVS929 —MAY 2010

200mA Dual Output AMOLED Display Power

Check for Samples: TPS65137

FEATURES

« 2.3Vto 55V Input Voltage Range DESCRIPTION

* 1% Output Voltage Accuracy Vpos The TPS65137 is designed to provide best in class
« Excellent Line Transient Regulation picture quality for AMOLED displays (Active Matrix

. . Organic Light Emitting Diode) requiring positive and
* Low Noise Operation negative voltage supply rails. With its wide input
* 200 mA Output Current voltage range the device is ideally suited for
+ Fixed 4.6 V Positive Output Voltage AMOLED displays, which are used in mobile phones
. Digitally Programmable Negative Output and smart phones. With this device the input voltage
can be higher than the positive output voltage and

Voltage Down to -5.2V still maintains accurate regulation of V. Using the

* —4.9V Default Value for V4 digital control pin (CTRL) allows adjusting the
« Advanced Power Save Mode negative output voltage in digital steps. The
. Short Circuit Protection TPS65137 uses a novel technology enabling
excellent line and load regulation with minimum

+ Thermal Shutdown output voltage ripple by using a LDO post regulator
« TPS65137A High impedance output in for V,es. This is required avoiding disturbance of the
shutdown AMOLED display due to input voltage transients

. 3x3mm 10 Pin QFN Package occurring during transmit periods in mobile phones.

APPLICATIONS
e Active Matrix OLED Power Supply

TYPICAL APPLICATION
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
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

ORDERING P/N

PACKAGE MARKING

—40°C to 85°C

TPS65137A

PTTI

@

@

For the most current package and ordering information, see the
Package Option Addendum at the end of this document, or visit the
device product folder on ti.com.

Contact the factory for the availability of the TPS65137 with output

voltage discharge function.

ABSOLUTE MAXIMUM RATINGS

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

VALUE UNIT
MIN MAX
Input voltage range @ VIN -0.3 70| Vv
CTRL, SWP, OUTP -0.3 7.0
SWP, OUTP -0.3 7.0
OUTN +0.3 -5.5
CB -0.3 7.0
CT -0.3 3.6
ESD rating HBM 2| kv
MM 200 V
CDM 500| V
Continuous total power dissipation See Thermal
Information Table
Operating junction temperature range T, -40 150| °C
Operating ambient temperature range Ta -40 85| °C
Storage temperature range Tstg —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 network ground terminal.
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THERMAL INFORMATION

TPS65137
THERMAL METRIC® DSC UNITS
10

03a Junction-to-ambient thermal resistance 56.5
03C(top) Junction-to-case(top) thermal resistance ©) 65.8
038 Junction-to-board thermal resistance ) 25.2 .
Wit Junction-to-top characterization parameter ®) 1.0 cw
vig Junction-to-board characterization parameter ®) 17.9
03¢ (bottom) Junction-to-case(bottom) thermal resistance () 25
(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

@
@)
4)
®)
(6)
@)

The junction-to-ambient thermal resistance under natural convection is obtained in a simulation on a JEDEC-standard, high-K board, as
specified in JESD51-7, in an environment described in JESD51-2a.

The junction-to-case (top) thermal resistance is obtained by simulating a cold plate test on the package top. No specific
JEDEC-standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

The junction-to-board thermal resistance is obtained by simulating in an environment with a ring cold plate fixture to control the PCB
temperature, as described in JESD51-8.

The junction-to-top characterization parameter, 1, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 6,4, using a procedure described in JESD51-2a (sections 6 and 7).

The junction-to-board characterization parameter, y;g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 6,4 , using a procedure described in JESD51-2a (sections 6 and 7).

The junction-to-case (bottom) thermal resistance is obtained by simulating a cold plate test on the exposed (power) pad. No specific
JEDEC standard test exists, but a close description can be found in the ANSI SEMI standard G30-88.

RECOMMENDED OPERATING CONDITIONS®

MIN NOM MAX | UNIT
Vin Input voltage range 2.3 55 \%
Ta Operating ambient temperature -40 +85 °C
T; Operating junction temperature -40 +125 °C
(1) Refer to application section for further information.
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ELECTRICAL CHARACTERISTICS

Vin = 3.5V, EN = VIN, OUTP = 4.6V, OUTN =-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
Vin Input voltage range 2.3 5.5 Vv
lo Operating quiescent current into Vin 400 pA
Isp Shutdown current into Vin 0.1 1.0 pA
UVLO Under-voltage lockout threshold an fél!mg 20 \%
Vin rising 2.3
fs Switching frequency lout = 100 mA 1.6 MHz
Thermal shutdown 145 °C
Thermal shutdown hysteresis 10 °C
OUTPUT OUTP
Voos Positive output voltage regulation Vin = 2.3V to 5.5V, lload=0mA to -1% 4.6 1% \%
150mA
loutp Output current OUTP 200 mA
SWP MOSFET on-resistance Vin =3.7 V, Isw = 200 mA 300
Rpson) - - — — mQ
SWP MOSFET rectifier on-resistance Vin = 3.7 V, Isw = 200 mA 350
lieak Leakage current into OUTP CTRL = GND, Vgytp=4.6V; 17 25 UA
TPS65137A
lswp SWP switch current limit Vin=29V 0.9 1.1 A
Vdrop LDO Dropout voltage lout = 100 mA 300 mV
Line regulation 0 %IV
Load regulation 0.001 %/mA
OUTPUT OUTN
Vieg Negative output voltage range -2.2 -5.2 \%
Vieg Negative output voltage regulation Vin=2.3V to 5.5V, lload=0mA to -100 +100 mV
150mA; Valid for all voltage steps
SWN MOSFET on-resistance Vin =3.7 V, Isw = 200 mA 400
Rpson) — - — — mQ
SWN MOSFET rectifier on-resistance Vin = 3.7 V, Isw = 200 mA 550
ke Leakage current out of OUTN CTRL = GND, Voytn=-5.2V; 19 30 pA
TPS65137A
lswn SWN switch current limit Vin=29V 1.1 1.35 A
Line regulation 0 %IV
Load regulation 0.001 %/mA
CTRL INTERFACE
Vy Logic high-level voltage 1.2 \%
A Logic low-level voltage 0.4 \%
R Pull down resistor 150 200 860 kQ
tinit Initialization time 300 400 us
tss Softstart time 1 ms
toff 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
tset OUTN transition time Ct =100 nF 20 ms
Rt CT pin output impedance 150 250 500 kQ
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DEVICE INFORMATION

10 PIN TQFN PACKAGE

(TOP VIEW
VIN[ T ]+~~~ 77 I [ 10| PGND
| |
SWN[2]!1 & ! [9]swp
1 o= |
N © ]
OUTN{3 | | SE | [ 8]|cB
[
CTRL[4] | W2 | [7]outP
cTisl | | [6]GND

Pin Functions

PIN DESCRIPTION
NAME NO. 1/0
VIN | Input supply
CT (0] Sets the settling time for the voltage on Vneg when programmed to a new value
CB 8 (0] Internal boost converter bypass capacitor
GND Analog ground
PGND 10 Power Ground
SWN 2 Switch pin of the negative buck boost converter
OUTN 3 (0] Output of negative buck boost converter
OUTP 7 (0] Output of the boost converter
CTRL 4 | Combined enable and output voltage program pin
SWP 9 Switch pin of the boost converter
Exposed thermal die Connect this pad to analog GND.
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TYPICAL CHARACTERISTICS

TABLE OF GRAPHS

FIGURE
Efficiency versus Output current Figure 1
Efficiency versus Input voltage Figure 2
Efficiency versus Negative voltage Figure 3
Negative output voltage programming Figure 4
Negative output voltage programming Device enabled (CTRL = 400us high), programmed to —3.0V Figure 5
Light load current operation Figure 6
Nominal load current operation VN =3.7V Figure 7
Nominal load current operation VN = 4.5V Figure 8
Line transient response 150mA Figure 9
Line transient response 100mA Figure 10
Startup Figure 11
Shutdown Figure 12
Short circuit Figure 13
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Figure 1. EFFICIENCY Figure 2. EFFICIENCY
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95| VPos = 4.6V, V=36V,
| 1o =100 mA, U xp05=369\(s, v -
= neg = -4. to-3V,
L =4.7 uH TDK VLF4012 Vpos lo =50 mA,
20 2 V/div C;=47nF
s B
<Z>' Vneg
£ 85 - 2 Vidiv R DU DU AP
S AN
T T
80
\ 10 ms/div
75
70
55 -5 45 -4 35 -3 25 -2
Vneg -V
Figure 3. EFFICIENCY Figure 4. NEGATIVE OUTPUT VOLTAGE PROGRAMMING
Tek Stop | e
V,=3.6V, v
Vpos =4.6V, pos | _
v AU Vheg=-49Vto-3V,- 20 mV/div w
pos _ i
2 Vidiv . RLoad = 600 2, Vswpos 2| |
o’ Cr=47nF : po !
Vneg : : 2Vidiv || b
2 Vidiv [ B R : bbb p VSWneg e . o . o .
. X X H ¥ X X M e
VeTRL gﬂw\ : 10 V/dlvw L ﬂ—w ]
2 Vidiv Positive - : :
: I . Inductor V=37V,
current zPOS = 4469\(,,
P neg=-49V,
200 mA/div co lo=20mA
250 ns/di
200 ps/div nsiav
Figure 5. NEGATIVE OUTPUT VOLTAGE PROGRAMMING Figure 6. LIGHT LOAD CURRENT OPERATION
(Device enabled (CTRL = 400us high), programmed to
-3.0V)
| b
A l’. # f i :
Vpos R Vpos
20 mV/div 20 mV/div
Vswpos Vswpos
2 Vidiv+ . EERER: % 2 Vidiv
Vswneg Vswneg .
10 V/divE B N R AR R 10 V/div- : L,, -
Positive . V=37V, ‘ Positive CRm V= 4.5V,
Inductor S : Vpos =4.6V, Inductor : - Vpos =4.6V,
current..[....0....0...1..... .2 .. Vneg=-49V, . current “ o Vneg=-4.9V o
200 mA/div oo I lp=150 mA 200 mA/div : o lp =150 mA
250 ns/div 250 ns/div
Figure 7. NOMINAL LOAD CURRENT OPERATION (V|y = Figure 8. NOMINAL LOAD CURRENT OPERATION (V|y =
3.7V) 4.5V)
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Vpos Vpos
20 mV/div : : 20 mV/div

V,=2.9Vto3.4 V50 s, : - V=29V 1o 3.4 Vi50 ps,

. : Vpos =4.6V, Vin Vpos =4.6V,
Vin | Vneg = -4.9 V, 1Vidiv, | - Vneg=-4.9YV,
1 Vidiv lo = 150 mA : 1o =100 mA
100 ps/div 100 ps/div
Figure 9. LINE TRANSIENT RESPONSE (150mA) Figure 10. LINE TRANSIENT RESPONSE (100mA)
V=37V, : _ : ;
Vpos=4.6V, S - A .
Vneg =-4.9V, : : : :
il 2Load = 600 © ™ e SO
: ] Vpos WM\\
Vneg : Tl ] 2 Vidiv
2 V/div ),- : : : vin
Vpos] i - i ::H 2VIdIV1 ::f:: : ¥ "”'i:
2 Vidiv Vneggg.. ... U .
4 2 V/div | X WW«MWMWM«WWWWM
Vin y
B A R R VI =38V,
2 V/div : ; : Vpos =4.6 V,
lin =f P Vneg=-4.9YV,
100 mA/div : : : _ RLoad = Open
200 ps/div 50 ms/div
Figure 11. STARTUP Figure 12. SHUTDOWN
V=37V,
Vpos =4.6 V,
Vneg =-4.9V,
Vpos shorted
V
Vneg | nes
2 VIdivE i v
VposH:‘ j
2 Vidiv |
lout
100 mA/div . e L
20 ps/div
Figure 13. SHORT CIRCUIT
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FUNCTIONAL BLOCK DIAGRAM
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DETAILED DESCRIPTION

The TPS65137 consists of a boost converter using a LDO as post regulator. The output voltage of the boost
converter is regulated to operate the internal LDO above its dropout voltage maintaining best line and load
regulation of OUTP. The internal LDO disconnects OUTP during shutdown and allows regulation of the output
when the input voltage is higher than OUTP. The LDO minimizes the output voltage ripple of OUTP. The
negative output uses a buck boost converter topology operating in DCM (Discontinuous Conduction Mode)
providing superior line regulation. In order to adjust the output voltage of the negative converter a digital interface
can be used to program the output voltage. To achieve high efficiency over the entire load current range the
device reduces the switching frequency with the load current using its internal voltage controlled oscillator (VCO).
Since the boost converter output CB is post regulated by the integrated LDO (Low Dropout Regulator) the output
voltage ripple is minimized and the line transient response is at its best. Because of this topology the operation
mode of the boost converter has minimum effect on the output voltage ripple observed on OUTP. The boost
converter, as well as the negative converter operate in peak current mode using the VCO (Voltage Controlled
Oscillator) while operating in DCM (Discontinuous Conduction Mode). When entering CCM (Continuous
Conduction Mode) the converter operates in peak current control using fixed off time control.

POWER SAVE MODE OPERATION

In order to maintain high efficiency over the entire load current range the converter reduces its switching
frequency as the load current decreases. To maintain a controlled switching frequency a voltage controlled
oscillator (VCO) is used.

SOFT START AND SHORT CIRCUIT PROTECTION

The device has a soft-start implemented limiting inrush current during turn on. The device is also protected
against short circuits of the outputs to ground or when the outputs shorted together. This is implemented with two
output voltage thresholds determining the device switch current limit and LDO operation shown in Figure 14.

Voutp Isw,, =full current limit
LDO =full current limit
Boost starts Voutp Isw, =220 mA Voutn Isw;, =full current limit

LDO off LDO =100 mA current limit

Voutn |SW|im= 120 mA Voutn Iswlim =120 mA Vg

\

S~

Voutn = -0.4V Voutp = 3V
Voutn =-1V

Figure 14. Soft Start and Short Circuit Thresholds

When the device is enabled pulling CTRL pin high then the boost converter and buck converter starts with
reduced switch current limit. During this period of time the LDO is turned off. As Vneg reaches —0.4V then the
LDO is turned on having a 100mA current limit. The switch current limit of both outputs is increased to 220mA
and 120mA. When Vpos reaches 3V and Vneg reaches —1V, then both outputs operate with full current limit.
This architecture limits the inrush current during start-up and protects the device during short circuits events.
When the positive output is shorted to the negative output then the device cycles between the first and second
section of the start-up sequence. By that, the outpt current cycles between zero and 100mA. This protects the
device and avoids excessive power dissipation during short circuit conditions. With this architecture the device is
able to start-into full load current once Vpos exceeds 3V and Vneg is lower than —1V.
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Enable (CTRL pin)

The CTRL pin serves two functions. One is the enable and disable of 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. Pulling CTRL high starts the converter operating with its default output voltage on OUTN of
—4.9V.

Digital Interface (CTRL)

The digital interface allows programming the negative output voltage OUTN 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. In such a case the
device will come up with its default output voltage of OUTN of —4.9V.

tinit J<—>:<—:F tss |<—:F toff
High T ; :
CTRL | | |
Low | | | |
| | | |
| | | |
T | |
\' | N ! | /
ss | | | |
| |
| | | |
| | | |
| |
| |
| |
Voo :

Figure 15. CTRL Used as a Standard Device Enable

The digital output voltage programming of OUTN is implemented by a simple digital interface with the timing
shown in Figure 16.

Co , tow :«—>:<—>IL thigh tstore —— —>—tog
tini e PPty | | | | | |
A A A A

High
CTRL

|

|

Low |
|

[

|

set | e |
Vss \ b/
I ! I

Vop L \_

Figure 16. Digital Interface Using CTRL

Once CTRL is pulled high the device will come up with its default voltage of —4.9V. The TPS65137 has a 5 bit
DAC implemented with the correspondent output voltage as given in Table 1. The interface counts the rising
edges applied to CTRL pin once the device is enable. For example with the timing diagram shown in Figure 16,
OUTN is programmed to —4.9V since 4 rising edges are applied. Other output voltages are programmed
according to Table 1.
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Table 1. Programming Table for OUTN
BIT/RISING EDGES OUTN (Vss) DAC VALUE BIT/RISING EDGES OUTN(Vss) DAC VALUE
Default —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 -3.3V 10100
5 -4.8V 00101 21 -3.2V 10101
6 —4.7V 00110 22 3.1V 10110
7 -4.6V 00111 23 -30V 10111
8 -45V 01000 24 29V 11000
9 —4.4V 01001 25 —2.8V 11001
10 -43V 01010 26 2.7V 11010
11 —4.2V 01011 27 26V 11011
12 4.1V 01100 28 25V 11100
13 —40V 01101 29 2.4V 11101
14 -39V 01110 30 2.3V 11110
15 -3.8V 01111 31 2.2V 11111

Vheg Programming Transition Time tg for OUTN (Cy)

The TPS65137 allows setting the transition time ty using an external capacitor connected to pin CT. The
transition time is the time period required to move OUTN from one voltage level to the next programmed voltage
level. 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 the R-C time constant. This is given by the output
impedance of the CT pin of typically 250kQ and the external capacitance. Within one t the output voltage OUTN
has reached 70% of its programmed value. An example is given when using 100nF for Cy.

T = teerron = 250 KQ x Cr = 250 KQ x 100 nF = 25 mS

INPUT CAPACITOR SELECTION

The device typically requires a 4.7uF ceramic input capacitor. Larger values can be used to lower the input
voltage ripple.

Table 2. Input Capacitor Selection

CAPACITOR COMPONENT SUPPLIER SIZE
4.7 pF/10 vV Taiyo Yuden LMK107BJ475 0603
10 uF/10 V Taiyo Yuden LMK212BJ106 0805
10 uF/6.3 VvV Taiyo Yuden JMK107BJ106 0603

Boost Converter Design Consideration, Vs

The positive output consists of a boost converter using a LDO as post regulator. The maximum output current is
limited by the minimum current limit of the LDO, of 200mA. The component values and output current are
calculated at maximum load current in continuous conduction operation. The typical switching frequency during
this operation mode is 1.4MHz.

The boost converter duty cycle is:
Vin x
D=1 _Ymx"m
Vpos B
To calculate the duty cycle, a good estimation for the efficiency, n, is 75% or it can be taken out of the typical

curve in Figure 1. In order to calculate the maximum output current of the boost converter for a certain input
voltage, the following formula is used:
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Vi D
Tout= (1 — D)| Isw — —————
2 x fs xL ?

The maximum output current is given at the highest switching frequency of typically 1.4MHz and minimum switch
current limit of 0.9A. Equation 3 is used to calculate the switch peak current.

Vin x D 1

— + out

Iseak_
. 2x fsxL 1-D

(3)
The inductor needs to be rated for this switch peak current to avoid inductor saturation.

The boost converter output capacitor is connected to pin CB and a 4.7uF capacitor is sufficient. A 2.2uF
capacitor is used on the output Vpos, which is the output of the internal low dropout regulator (LDO).

Table 3. Output Capacitor Selection

CAPACITOR COMPONENT SUPPLIER SIZE
4.7 pF/10 vV Taiyo Yuden LMK107BJ475 0603
2.2 yF/1o0 v Taiyo Yuden LMK107BJ225 0603

Negative Buck Boost Converter Design Consideration V¢4

The negative output is generated with a buck boost converter. The component values and output current are
calculated at maximum load current in continuous conduction operation. The typical switching frequency during
this operation mode is 1.4MHz.

The buck boost converter duty cycle is:

. |Vneg|

Vin x n+ |Vneg| @

To calculate the duty cycle a good estimation for the efficiency, n, is 75% or it can be taken out of the typical
curve in Figure 1. In order to calculate the maximum output current of the buck boost converter for a certain input
voltage, the following formula is used:

Vin x D j

Tout = (1 — D)(ISW —m

®)

The maximum output current is given at the highest switching frequency of typically 1.4MHz and minimum switch
current limit of 1.1A. Equation 6 is used to calculate the switch peak current.

Vin x D L.
L. = -
TR 2x fsxL 1 -D

©)

The inductor needs to be rated for this switch peak current to avoid inductor saturation. Refer to Table 4 for
possible inductors for this application. A 4.7uF output capacitor is used on the output Vneg. Larger capacitor
values can be used to minimize the output voltage ripple. Refer to Table 3 for output capacitor selection.

Inductor Selection

The device is optimized to operate with 4.7uH inductors. Different inductor values will change the converter
efficiency and output voltage ripple. A 2.2uH inductor is also a possible solution. Any other inductor values will
degrade device performance and stability which is not recommended for this device.

Table 4. Inductor Selection

INDUCTOR VALUE COMPONENT DIMENSIONS in mm Isat/DCR
SUPPLIER
4.7 uH TDK VLF4012 3.7%x35x1.2 1.1A/140mQ
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APPLICATION INFORMATION

PCB LAYOUT

The layout for his device is important to keep the output voltage ripple and output voltage accuracy as low and

accurate as possible. The following layout guidelines apply for this device:

» Keep the switch note pad for the boost converter and inverter switch as small as possible to avoid coupling
into the output.

» The ground connection for the inductor of the negative converter needs to be as wide as possible to avoid
noise generated by inductor ground currents.

» The ground connection of the timing capacitor on pin CT needs to be isolated and directly routed to the GND
pin of the device. This is important to avoid noise being coupled into the error amplifier which is internally
connected to the CT pin.

» Having the ground connection of the boost converter output capacitor and LDO output capacitor in a close
connection to the device ground and power pad connection achieves best load regulation.
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (©) Samples
Drawing Ball Finish (Requires Login)
TPS65137ADSCR ACTIVE SON DSC 10 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR Purchase Samples
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

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. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
s |+ KO [4—P1—b|
OO0 006 0O T
& © ’H Bo W
Reel X | — l
Diameter
Cavity +I 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
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
—f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O OO0 O OO0 O O?——Sprocket Holes
1
I
v ® e
4--9--A
Q3 1 Q4 User Direction of Feed
%
T
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS65137ADSCR SON DSC

10

3000 330.0 12.4 3.3 3.3 11 8.0 12.0

Q2
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TAPE AND REEL BOX DIMENSIONS
At
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~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS65137ADSCR SON DSC 10 3000 346.0 346.0 29.0
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DSC (S—PDSO-N10) PLASTIC SMALL OUTLINE

3,15
N ﬁ 2,85

PIN 1 INDEX AREA —1
TOP AND BOTTOM

0,80

020 3

0,20 REF.

0,08 1 J
E- T ¢ T SEATING PLANE
0,05
0,00
- E
10X (ﬁ
’ 1 )

EXPOSED THERMAL PAD i ;
s TR
/E\ EXPOSED METALZED/‘_l 1

FEATURE (4x) m N

4207383/B 06,/06

NOTES: A_ Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.

C. Small Outline No—Lead (SON) package configuration.
The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.

ﬁ Metalized features are supplier options and may not be on the package.



THERMAL PAD MECHANICAL DATA

DSC (S—=PVSON—=N10) PLASTIC SMALL OUTLINE NO—LEAD
THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

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

JUWUU

| — Exposed Thermal Pad

— 0,23 4 Places
v

Y
1,65 £010 —— — - - - - 4 i

— 0,50

NARNC

¢ 2,40£0,10 ——P

Bottom View

NOTE: All linear dimensions are in millimeters

Exposed Thermal Pad Dimensions

4210391-2/D  06/10

wip TEXAs
INSTRUMENTS

www.ti.com



LAND PATTERN DATA

DSC (S—PVSON—N10)

PLASTIC SMALL QUTLINE NO—-LEAD

Example Board Loyout

Example Stencil Design

(Note E)
Note D ‘« 8x0,5 ‘« 0,5
N ~—d4x] 38—
N 0,26 —|[~—2x0,29_, *
\ 105 =
N ! |
38 2,1 1,65 @ , ? — ——— 215 3,75
/ L] J‘ 7
\. / 2x0,22 J‘
. £ 0,2
T N ~ \ 4x0,68 = T A05 =
f \
A \
f . N B o
i - \ 08 = —f |=—10:0,23
/ 2,40 \
/ AN 727% solder coverage on center pad
/ N
// ‘\~
/ Non Solder Mask \ Exposed Pad Geometry
’/ Defined Pad T
y \_ Solder Mask Opening
/ (Note F)
/
//
|
\ Pad Geometry
L (Note C)
4210390-2/F 07/10
NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack

Packages, Texas Instruments Literature No. SLUA271, and dlso the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

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

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

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DLP® Products www.dlp.com Communications and www.ti.com/communications
Telecom

DSP dsp.ti.com Computers and www.ti.com/computers
Peripherals

Clocks and Timers www.ti.com/clocks Consumer Electronics www.ti.com/consumer-apps

Interface interface.ti.com Energy www.ti.com/energy

Logic logic.ti.com Industrial www.ti.com/industrial

Power Mgmt power.ti.com Medical www.ti.com/medical

Microcontrollers microcontroller.ti.com Security www.ti.com/security

RFID www.ti-rfid.com Space, Avionics & www.ti.com/space-avionics-defense
Defense

RF/IF and ZigBee® Solutions  www.ti.com/lprf Video and Imaging www.ti.com/video
Wireless www.ti.com/wireless-apps

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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