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Floating Switch for Offline AC Linear Direct Drive of LEDs with Low Ripple Current

Check for Samples: TPS92411, TPS92411P

FEATURES
e High-Performance Solution for Driving LEDs
from AC Mains

e Simplifies Design of Phase Dimmable LED
Driver with High Power Factor, Low Total
Harmonic Distortion, and Low Current Ripple

e Suitable for LED Lamp and Luminaires up to ~v
70 W AV

e Input Voltage Range: 7.5V to 100 V

e Stackable 100V, 2-Q MOSFET Building Block

e Up to 350 mA Current Capability (PSOP
package)

e Controlled Switch Open and Close Transitions
Minimize EMI

e Input Undervoltage Protection

e Output Overvoltage Protection (TPS92411P)

* Low Ig: 200 pA (typ)
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APPLICATIONS

e LED Lamps and Light Bulbs
* LED Luminaires
* Downlights

I

DESCRIPTION

The TPS92411 is a 100-V floating MOSFET switch § §
for use in offline LED lighting applications. It is used i
in conjunction with a current regulator that can

achieve greater than 0.9 power factor to create a LED A
drive solution with low-ripple current. When properly L

designed, solution performance is comparable to $ i
traditional flyback, buck or boost based AC/DC LED

drivers. The approach requires no inductive

components saving size and cost. Slew controlled low

frequency operation of the TPS92411 switches

creates very little EMI. Detailed operation is described

in the APPLICATION INFORMATION section.

Package options include SOT23-5 and PSOP-8
allowing the user to optimize for small size or scale
for high power. Using the PSOP-8 package, design of
LED luminaires up to 70 W is possible. Other features
include a UVLO circuit to monitor when the device
has sufficient voltage to operate properly and over-
voltage protection (TPS92411P).
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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.

ABSOLUTE MAXIMUM RATINGS

All voltages are with respect to VS, —40°C < T; = T, £150°C. All currents are positive into and negative out of the specified
terminal (unless otherwise noted).

VALUE
MIN MAX UNIT
Supply voltage VIN -0.3 105 v
Switch voltage DRAIN -0.3 105
Junction temperature T; -40 165 oc
Storage temperature range Tstg -65 150
o (HBM) QSS 009-105 (JESD22-A114A) 1 kv
Electrostatic Discharge - -
Field Induced Charged Device Model (FIDCM) 250 \%
THERMAL INFORMATION
TPS92411
THERMAL METRIC® SOT-23 PSOP UNITS
5 PINS 8 PINS
85a Junction-to-ambient thermal resistance @ 209.8 58.6
B3ctop Junction-to-case (top) thermal resistance 125.2 72
B85 Junction-to-board thermal resistance 38 39.1 s
Wit Junction-to-top characterization parameter® 15.6 21.6 cw
Wig Junction-to-board characterization parameter® 37.1 39.1
83chot Junction-to-case (bottom) thermal resistance (") N/A 15

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

(2) 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.

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

(4) 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.

(5) The junction-to-top characterization parameter, 8,1, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 634, using a procedure described in JESD51-2a (sections 6 and 7).

(6) The junction-to-board characterization parameter, 8,g, estimates the junction temperature of a device in a real system and is extracted
from the simulation data for obtaining 634, using a procedure described in JESD51-2a (sections 6 and 7).

(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
Over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX UNIT

TPS92411P 7.5 94

VIN Input voltage \Y,
TPS92411 7.5 100

Ty Operating junction temperature -40 25 150 °C
, , DBV (SOT23-5) 100 200

lsw Switch drain (DRAIN) to source (VS) current mA
DDA (SO-8 Power-Pad) 175 350
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ELECTRICAL CHARACTERISTICS
Unless otherwise specified —40°C < T; = T, < 150°C, (Vyin — Vvs) = 30 V, Rrser = Rrens = Open, all voltages are with respect

to VS.
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
INPUT SUPPLY (VIN)
Rising threshold 95 100
Vinowp) 'p”r‘;?et C‘:}gen“’o"age TPS92411P | Falling threshold 96 v
Hysteresis 4
lo Bias current 200 400 WA
Vinguvio) Input undervoltage lockout Rising threshold 6.5 7 \%
ViN(ys) Input UVLO hysteresis 370 mV
SWITCH CONTROL (RSNS, RSET)
Irsns RSNS threshold current -3.3 —4 -4.9 WA
Vrsns os  RSNS offset voltage 165 210 255 mV
VRsET RSET threshold voltage 1.2 1.25 1.3 \%
Irsns = =20 A, (Vrset — Vys) = 1.5V -9.3 -10 -10.7
IRsET RSET current lrsns = —40 YA, (VrseT — Vyvs) = 1.5V -19 -20 -21 WA
Irsns = —100 PA, (Vrser — Vys) = 1.5V -47.9 -50 -52.1
SWITCH (DRAIN, VS)
Rps(on) On-resistance Iprain = 100 mA, Ty = 25°C 1 2.5 Q
dv/dton) Switch ON slew rate |(;/\ER:AT0?) YXE) faling 36 V'to 4V, vi
s
dv/dtorry  Switch OFF slew rate (Voram — Vys) = rising 4 V10 36 V, 05 "

Isw = 100 mA
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DBV (SOT23-5) PACKAGE

DEVICE INFORMATION

DDA (SO-8 Power-Pad) PACKAGE

5 PIN 3 PIN
(TOP VIEW) (TOP VIEW)
RSET [ |1 5 T |rsNs VBST SS
VIN EN
v D: 2 SW VREG5
VIN []]3 4 [ T ]DRAIN GND VFB
PIN DESCRIPTIONS
PIN
NAME NO. I/0 DESCRIPTION
DDA® DBV
DRAIN 8 4 (0] Drain of the internal switch.
2
N/C 6 — — Not internally connected.
7
VIN 1 | Positive power supply for the device.
VS 2 2 110 Source of the internal switch. This pin is also the device floating ground.
RSET 3 110 A resistor co_nnected between the RSET pin and the VIN pin sets the rising threshold to
open the switch.
RSNS 5 5 I/0 A re_sistor connected between the RSNS pin to system ground senses the VS voltage
relative to system ground.

Exposed Themal Pad Connect to VS pin directly beneath the device.

(1) 8-pin PSOP (DDA) package is not available and is currently in preview status
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FUNCTIONAL BLOCK DIAGRAMS
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RSET Threshold (V) VIN - VS UVLO Rising (V)

Switch ON Resistance (Q)

TYPICAL CHARACTERISTICS
Unless otherwise stated, —40°C < T, = T; < 150°C, (Vyin — Vys) = 30 V, all voltages are with respect to VS.
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Figure 1. UVLO vs. Temperature
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Figure 3. RSET Threshold vs. Temperature
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Figure 5. Switch On-Resistance (Rps(on)) vS. Temperature

RSNS Threshold Current (HA) VIN - VS UVLO Falling (V)

Supply Current (UA)
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Figure 2. UVLO vs. Temperature
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Figure 4. RSNS Threshold Current vs. Temperature
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Figure 6. Input Voltage Quiescent Current vs. Temperature
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TYPICAL CHARACTERISTICS (continued)

Unless otherwise stated, —40°C < T, = T; < 150°C, (Vyin — Vys) = 30 V, all voltages are with respect to VS.
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Figure 7. (Vyiy — Vys) Overvoltage Threshold vs. Temperature
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APPLICATION INFORMATION

APPLICATION

The TPS92411 is an advanced, floating driver specifically designed for use with a linear regulator in low-power
offline LED lighting applications. It integrates an on-board 100-V MOSFET switch to shunt LED current as the
line transitions. As the line transitions through the cycle, the device monitors critical nodes for zero cross at which
time the internal switch is either opened or shorted to steer the current through or away from the LED stack. The
device determines the output power by setting the average of the combined LED currents throughout the line
cycle using the linear regulator.

SETTING THE SWITCHING THRESHOLDS (RSNS, RSET)

The TPS92411 features two threshold settings to allow for proper LED control. The first setting determines when
the internal switch turns off and allows current to charge the capacitor and flow through the LEDs. The second
setting determines when the switch turns on to shunt the LEDs and allow the capacitor to supply current. The
lower switch turn-on threshold (Vgys) should be set first using a resistor (Rrgns) from the RSNS pin to system
ground. For best efficiency set this threshold between 4 V and 6 V. Then the upper switch turn-off threshold (Vys)
can be set using a resistor (Rgset) from the RSET pin to the VIN pin. Set this threshold approximately 6 V to 10
V above the LED stack voltage (V gp). The RSET threshold should be greater than the LED stack voltage plus
the value of the RSNS threshold to prevent errant switching. These thresholds can be set with resistance
calculated using Equation 1 and Equation 2

Rens = Vgnsg +0.21V
Irsns| @
Reser = (Viep —1.24V)x2xRgns
VVS +0.21V )

OVERVOLTAGE PROTECTION (OVP)

Overvoltage protection (OVP) in the TPS92411P version protects the device as well as the LEDs and storage
capacitor. The OVP is set at approximately 100 V (Vyny — Vys) and closes the internal switch when the threshold
voltage is reached. For this reason LED stack voltages of 94 V or less are recommended. Higher voltages can
be used with the TPS92411 version but tolerances must be considered to ensure that the 105 V absolute
maximum rating is not exceeded.

INPUT UNDERVOLTAGE LOCKOUT (UVLO)

The TPS92411 includes input UVLO. The UVLO prevents the device from operation until the VIN pin voltage with
respect to VS exceeds 6.5 V and ensures the device behaves properly when enabled.

LED CAPACITOR

A capacitor is required across each LED stack to provide current to the LEDs during the switch ON time. Refer to
the available calculator software (SLVC516 for 120-V applications or SLVC517 for 230-V applications) for
calculating the minimum value required for any particular application. The software calculates the minimum value
required for a particular application, but best performance is acheived by using as much capacitance as possible
given size and cost constraints. These design tools also calculate a minimum value for any given current ripple
percent or flicker index desired for the particular application.

BLOCKING DIODE

A blocking diode is required between the drain of the switch (DRAIN) and the anode of the LED stack. This
prevents the LED capacitor from discharging through the switch during the switch ON time instead allowing it to
discharge through the LED stack. This diode should be rated for 200 V reverse voltage and capable of forward
currents as high as the average linear regulator current setting.
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TYPICAL OPERATION (120-VAC APPLICATION)

For the 120-V application shown in Figure 10 the highest efficiency is obtained by using a high-voltage total LED
stack to reduce losses in the linear regulator FET. The best current sharing efficiency between stacks can be
achieved by using the lowest voltage stack at the bottom and making each stack voltage above 2 times the
voltage of the stack below it. In this example 20-V LEDs are used. This effectively gives the lowest stack a total
of 20 V, the middle stack a total of 40 V, and the upper stack a total of 80 V. The RSNS resistor is used to set a
low voltage point so that when the VS pin voltage falls below this threshold (either from the AC line falling or a
higher voltage stack switch above it turning OFF) the TPS92411 switch turns ON and bypasses the LEDs. During
the ON-time, the LEDs are supplied current from the capacitor. The RSET voltage is used to set a threshold to
detect when the input voltage crosses this threshold it turns OFF the switch and allows the LEDs to conduct
current from the line and charge the bypass capacitor.

120-VAC Application Stack Setting Example

e Set Vgrgns for all three TPS92411 devices at 4 V
e Set Vrger for the bottom stack at 26 V

o Set Vrger for the middle stack at 46 V

» Set Vrger for the top stack at 86 V

Switching order as the rectified AC line voltage increases is shown in Table 1. Figure 8 illustrates when each
switch turns ON or OFF.

Table 1. Switching Order on Rising Edge of Rectified 120-VAC M@

STACK
TOP 80-V MIDDLE 40-V BOTTOM 20-V

PPk IPIOlO|lO|O
P|POO|FR|P|O|O
F|O|FkP|O|F|O|Fr|O

(1) 0 denotes switch ON and LEDs bypassed and supplied by the capacitor.
(2) 1 denotes switch OFF and LEDs conducting from the line, capacitor charging up.

A A

Voltage trip points do not
include diode droV\
< 146 111 110 144
o 126
Q 124
o 106 104
s 86 84
(0]
¥ 66 64
46 44
26 24
>

Time

Figure 8. Switching Order on Rectified 120-VAC Waveform

The linear regulator in Figure 10 generates a current sense RMS voltage of approximately 2.3 V. The linear
regulator RMS current is equal to the input current drawn from the AC line. For example, for a 11.5-W input
power system the input current should be approximately 0.095 A and a 24-Q resistor should be chosen for RCS.
Other input power levels (P,\) can be obtained using Equation 3.
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_ 120 VRMS X 2'3VRMS
PN ®)

Res

TYPICAL OPERATION (230-VAC APPLICATION)

In the 230-V application shown in Figure 11, the highest efficiency can be obtained by using a high-voltage total
LED stack to reduce losses in the linear regulator FET. The best current sharing between stacks can be
achieved by using the lowest voltage stack at the bottom and making each stack voltage above that two times
that of the stack below it (as in described in the 120-V application). In this example, very good results can be
obtained by setting the lowest stack at 40 V, the middle stack at 80 V, and adding a high-voltage cascode FET
with the top stack and using 160 V. Use the RSNS pin to set a low voltage point so that when the VS pin of the
device falls below this threshold (either from the AC line falling or a higher voltage stack switch above it turning
OFF) the TPS92411 switch turns ON and bypasses the LEDs. During the ON-time, the capacitor supplies current
to the LEDs. The RSET voltage threshold for a 230-V application is generally set to approximately 8 V to 12 V
above the LED stack voltage connected across the TPS92411. This threshold is higher than in the typical 120-V
application to allow more headroom.

230-VAC Application Stack Setting Example

» Set Vgrgns for all three TPS92411 devices at 6 V
o Set Vrger for the bottom stack at 49 V

» Set Vgrget for the middle stack at 89 V

e Set Vgrger for the top stack at 169 V

Switching order as the rectified AC line voltage increases is shown in Table 2. Figure 9 illustrates when each
switch turns ON or OFF.

Table 2. Switching Order on Rising Edge of the Rectified 230-VAC
Waveform @@

STACK
TOP 160-V MIDDLE 80-V BOTTOM 40-V
0

PRk |,r|O|lO|O
P |r|lOo|lOo|lrR|R|O|O
P |IO|RP|O|P|O|L,|O

(1) 0 denotes switch ON and LEDs bypassed and supplied by the capacitor.
(2) 1 denotes switch OFF and LEDs conducting from the line, capacitor charging up.

A A

Voltage trip points do not
include diode drops

< 289 111 110 286
g 249 246
3 209 206
Ezg 169 166
x 129 126
89 86

49 46

>

Time

Figure 9. Switching Order on Rising Edge of the Rectified 230-VAC Waveform
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The linear regulator in Figure 11 generates a current sense RMS voltage of 2.44 V. The linear regulator RMS
current is equal to the input current drawn from the AC line. For example, for a 16-W input power system the
input current should be approximately 0.07 A and a 34.8-Q resistor should be chosen for Rcg. Other input power
levels (Py) can be calculated using Equation 4.

230 VRMS x 2 '44VRMS

Rcs =
PN @)
TYPICAL APPLICATIONS CIRCUITS
220
200 V
VIN DRAIN o Pl oy
120 Vews 1.82MQ N
: TPS92411 ~a
/\/ ’
RSET S
1MQ el s3pF
RSNS VS 100 vV
N Q
Ny
200 V
VIN DRAIN o Pl oy
S
L o22uF 1.65 MQ TPS92411 2 espr
T 250V RSET ~a | 50V
——01pF 1MQ e
250V RSNS VS .
g 442 0
200 V
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Rcs
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Figure 10. 120-VAC, Phase Dimmable 11.5-W Input with Discrete Linear Regulator
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Figure 11. 230-VAC, Phase Dimmable 16-W Input with Discrete Linear Regulator

12 Submit Documentation Feedback

Copyright © 2013, Texas Instruments Incorporated

Product Folder Links: TPS92411 TPS92411P


http://www.ti.com/product/tps92411?qgpn=tps92411
http://www.ti.com/product/tps92411p?qgpn=tps92411p
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUSBQ6 &partnum=TPS92411
http://www.ti.com/product/tps92411?qgpn=tps92411
http://www.ti.com/product/tps92411p?qgpn=tps92411p

13 TEXAS

INSTRUMENTS

www.ti.com

PACKAGE OPTION ADDENDUM

24-Oct-2013

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)

TPS92411DBVR ACTIVE SOT-23 DBV 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 150 PB9Q
& no Sh/Br)

TPS92411DBVT ACTIVE SOT-23 DBV 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 150 PB9Q Samples
& no Sh/Br)

TPS92411DDA PREVIEW SO PowerPAD DDA 75 TBD Call Tl Call T -40 to 150

TPS92411DDAR PREVIEW SO PowerPAD DDA 2500 TBD Call Tl Call TI -40 to 150

TPS92411PDBVR ACTIVE SOT-23 DBV 3000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 150 PB8Q Samples
& no Sh/Br) P

TPS92411PDBVT ACTIVE SOT-23 DBV 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 150 PB8Q Samples
& no Sh/Br)

TPS92411PDDA PREVIEW SO PowerPAD DDA 75 TBD Call Tl Call TI -40 to 150

TPS92411PDDAR PREVIEW SO PowerPAD DDA 2500 TBD Call Tl Call TI -40 to 150

@ 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.

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

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

@ 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, Tl 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)

Addendum-Page 1
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® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS92411DBVR SOT-23 | DBV 5 3000 178.0 9.0 323 | 317 | 1.37 | 4.0 8.0 Q3
TPS92411DBVT SOT-23 | DBV 5 250 178.0 9.0 323 | 317 | 1.37 | 4.0 8.0 Q3
TPS92411PDBVR SOT-23 DBV 5 3000 178.0 9.0 3.23 | 317 | 1.37 4.0 8.0 Q3
TPS92411PDBVT SOT-23 DBV 5 250 178.0 9.0 3.23 | 317 | 1.37 4.0 8.0 Q3
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www.ti.com 25-Oct-2013
TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\ /)i\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS92411DBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TPS92411DBVT SOT-23 DBV 5 250 180.0 180.0 18.0
TPS92411PDBVR SOT-23 DBV 5 3000 180.0 180.0 18.0
TPS92411PDBVT SOT-23 DBV 5 250 180.0 180.0 18.0
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MECHANICAL DATA

DBV (R—PDSO—G5)

PLASTIC SMALL—OUTLINE PACKAGE

0,50
I 175 300 o
1,45 2,60 l
; v
Pin 1 |:| I:I I:I —
Index Area 1 3
(Optional) 505 Goge Plane
' 2,75 > f
oﬁ
— 1,45 MAX
b \
v \_L i J_/ v Seating Plane
0,15
0.00 s ] [a]o10]
4073253-4/L 08/2013
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D. Falls within JEDEC MO—178 Variation AA.
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LAND PATTERN DATA

DBV (R—PDSO-G5) PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

- 1,90 —~ | 1.90
— mfo—————r ————— 4 —
I loss
I 2.7 2.7
e "
; N
/ \\
e S O R
\ /
\. "L// l— 0,95 — - 095

’ \

/ ‘__/T/'So\der Mask Opening

/ 1,05 \
\ | ————— Pad Geometry

\ /
\ 0,07 — L— /

’

N Al Around //

4209593-3/C 08/11

NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

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

E

Publication IPC—7351 is recommended for alternate designs.

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. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC=7525 for other stencil recommendations.
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MECHANICAL DATA

DDA (R—PDS0O—-G8) PowerPAD MPLASTIC SMALL—QUTLINE

0,51

1,27 T ﬁ r 0 [ ]0,25®)
8 5

:__TFERMAL PAE_-: 0,20 NOM

SIZE AND SHAPE SHOWN 4’00 @
| ON SEPARATE SHEET | 3,80 5,80 /
/
H H H H Gage Plane
1 4]

L |
N
08

\\
)

5,00
4,80

—»

47

1,70 MAX

; e \
Seating Plane 4 \ % // /k

S —

— |J
-

Tt

=4
(@3]

o
o
(e

4202561 /F 12/11

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5-1994.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAOO2 for information regarding
recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

F. This package complies to JEDEC MS—012 variation BA

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

DDA (R—PDS0O-G8) PowerPAD" PLASTIC SMALL OUTLINE
THERMAL INFORMATION

This PowerPAD™ package incorporates an exposed thermal pad that is designed to be attached to a printed
circuit board (PCB). The thermal pad must be soldered directly to the PCB. After soldering, the PCB can
be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively,
can be attached to a special heatsink structure designed into the PCB. This design optimizes the heat
transfer from the integrated circuit (IC).

For additional information on the PowerPAD package and how to take advantage of its heat dissipating
abilities, refer to Technical Brief, PowerPAD Thermally Enhanced Package, Texas Instruments Literature
No. SLMAQQO2 and Application Brief, PowerPAD Made Easy, Texas Instruments Literature No. SLMAQO4.
Both documents are available at www.ti.com.

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

RN

R j/—— Exposed Thermal Pad
|

2,40__|_ I
s |

oo E

1 3,10 4
265 "
Top View

Exposed Thermal Pad Dimensions

4206322-6/L 05/12

NOTE: A. All linear dimensions are in millimeters

PowerPAD is a trademark of Texas Instruments
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http://www.ti.com/lit/slma002
http://www.ti.com/lit/slma004

LAND PATTERN DATA

DDA (R—PDSO—G8)

PowerPAD™ PLASTIC SMALL OUTLINE

(Note E)
4x1,30 — . — 1,27 , | —1,27
RN 0.45 N
solder mask
over copper \ |||l | L. _ _ 915 |1 [ || | b _
6x90,33 *
y /V///////AV///////////f//[/A) |

%o ® O 3,10 f
2,40 2,95 55 Y 240 5,75

X l

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

0,127mm Thick Stencil Design Example
Reference table below for other
solder stencil thicknesses

Example Solder Mask
Defined Pad
(See Note C, D)

/
/Non Solder Mask Defined Pad
/

e ——

— —
Example Solder Mask Opening
(Note F)
Center Power Pad Solder Stencil Opening
00— |~ Stencil Thickness X Y
f ) \ 0.1mm 3.3 2.6
29 0.127mm 3.1 2.4
! ’ ~\L 0.152mm 29 2.2
\ f L Pad Geometry 0.178mm 2.8 2.1
\ - / (Note C)
0,07
All Around
~N— "

4208951-6/D 04/12

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 Technical Brief, PowerPad
Thermally Enhanced Package, Texas Instruments Literature No. SLMAQ02, SLMAQO4, and also the Product Data Sheets
for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>. Publication IPC-7351 is recommended for dlternate designs.

E. 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. Example stencil design based on a 50% volumetric

c metal load solder paste. Refer to IPC—7525 for other stencil recommendations.

PowerPAD is a trad

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
emark of Texas Instruments.
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IMPORTANT NOTICE

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

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

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

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

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

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

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

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

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

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

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

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

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

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

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

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

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

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

www.ti.com/medical

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

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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