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TPS51604-Q1 Synchronous Buck FET Driver for High-Frequency
CPU Core Power in Automotive Applications

1 Features

* Qualified for Automotive Applications
* AEC-Q100 Qualified With the Following Results:
— Device Temperature Grade 1: —-40°C to 125°C

— Device Human Body Model ESD Classification
Level H2

— Device Charged Device Model ESD
Classification Level C3B

* Reduced Dead-Time Drive Circuit for Optimized
CCM

e Automatic Zero Crossing Detection for Optimized
DCM Efficiency

* Multiple Low-Power Modes for Optimized Light-
Load Efficiency

* Optimized Signal Path Delays for High-Frequency
Operation

» Integrated BST Switch Drive Strength Optimized
for Ultrabook FETs

* Optimized for 5-V FET Drive
» Conversion Input Voltage Range (V|y): 4.5t0 28 V
e 2-mm x 2-mm, 8-Pin, WSON Power-Pad Package

2 Applications

e Automotive Rear Seat Entertainment (RSE)
Tablets Using High-Frequency CPUs With the
Following Power Input:

— Adapter

— Battery

- NvVDC

— 5-Vor 12-V Rails

3 Description

The TPS51604-Q1 drivers are optimized for high-
frequency CPU Vcpore applications. Advanced
features such as reduced dead-time drive and auto
zero crossing are used to optimize efficiency over the
entire load range.

The SKIP pin provides immediate CCM operation to
support controlled management of the output voltage.
In addition, the TPS51604-Q1 supports two low-
power modes. With the PWM input in 3-state,
quiescent current is reduced to 130 pA, with
immediate response. When SKIP is held at 3-state,
the current is reduced to 8 pA (typically 20 us is
required to resume switching). Paired with the
appropriate Tl controller, the drivers deliver an
exceptionally high performance power supply system.

The TPS51604-Q1 device is packaged in a space
saving, thermally-enhanced 8-pin, 2-mm x 2-mm
WSON package and operates from —40°C to 125°C.

Device Information®
PACKAGE BODY SIZE (NOM)
WSON (8) 2.00 mm x 2.00 mm

PART NUMBER
TPS51604-Q1

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Pin Configuration and Functions

DSG
8 PINS
(TOP VIEW)

BST| 1 8 | DRVH
PWM | 2 7 |sw
TPS51604-Q1
SKIP| 3 6 | GND
VDD | 4 5 | DRVL

Pin Functions

PIN 1
1lo® DESCRIPTION

NAME NO.

BST 1 | High-side N-channel FET bootstrap voltage input; power supply for high-side driver

DRVH 8 O | High-side N-channel gate drive output

DRVL 5 O | Synchronous low-side N-channel gate drive output

GND 6 — | Synchronous low-side N-channel gate drive return and IC reference

PWM 2 | PWM input. A tri-state voltage on this pin turns OFF both the high-side (DRVH) and low-side drivers (DRVL)
When SKIP is LO, the zero crossing comparator is active; the power chain enters discontinuous conduction

SKIp 3 | mode when the inductor current reaches zero. When SKIP is HI, the zero crossing comparator is disabled,
and the driver outputs follow the PWM input. A tri-state voltage on SKIP puts the driver into a very-low power
state.

SW 7 I/0 | High-side N-channel gate drive return. Also, zero-crossing sense input

Thermal Pad — | Tie to system GND plane with multiple vias

VDD 4 | 5-V power supply input; decouple to GND with a ceramic capacitor with a value of 1 puF or greater

(1) I=Input, O = Output
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6 Specifications
6.1 Absolute Maximum Ratings® @
over operating free-air temperature (unless otherwise noted)
MIN MAX| UNIT
VDD -0.3 6
Input voltage — \%
PWM, SKIP -0.3 6
BST -0.3 35
BST (transient <20 ns) -0.3 38
BST to SW; DRVH to SW -0.3 6
Output voltage \%
SW -2 30
DRVH, SW (transient <20 ns) -5 38
DRVL -0.3 6
Ground pins GND to PAD -0.3 0.3 \%
Operating junction temperature, T, -40 125 °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 the network ground terminal unless otherwise noted.

6.2 Handling Ratings

MIN MAX UNIT
Tstg Storage temperature range -55 150 °C
v Electrostatic | Human body model (HBM), per AEC Q100-002Y -2 2 kv
(ESD) | discharge | Charged device model (CDM), per AEC Q100-011 —750 750 v

(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)

MIN TYP MAX | UNIT
VDD 45 5 55
Input voltage — \Y
PWM, SKIP -0.1 55
BST -0.1 34
BST to SW; DRVH to SW -0.1 55
Output voltage \%
SwW -1 28
DRVL -0.1 55
Ground pins GND to PAD -0.1 0.1 \%
Operating junction temperature, T, -40 125 °C

6.4 Thermal Information

TPS51604-Q1
THERMAL METRIC® WSON (DSG) UNIT
(8 PINS)

Reia Junction-to-ambient thermal resistance 63.1
Reic(top) Junction-to-case (top) thermal resistance 74.1
Ress Junction-to-board thermal resistance 34.3 W
Wit Junction-to-top characterization parameter 2.0
Wi Junction-to-board characterization parameter 34.9
Reic(boy) Junction-to-case (bottom) thermal resistance 11.7

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

These specifications apply for T; = —40°C to 125°C and VDD = 5 V unless otherwise specified.

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
VDD INPUT SUPPLY
Vsrip = Vyop OF Vsgip = 0 V, PWM = High 160 600
. Vskip = Vyop Of Vskip = 0V, PWM = Low 250
lcc Supply current (operating) HA
Vskip = Vypp Or Vskip = 0V, PWM = Float 130
Vskp = Float 8
VDD UNDERVOLTAGE LOCKOUT (UVLO)
Rising threshold 4.15
Vuvio UVLO threshold - \%
Falling threshold 3.7
VUvHYS UVLO hysteresis 0.2 \%
PWM AND SKIP I/O SPECIFICATIONS
. Pullup to VDD 1.7 MQ
R Input impedance
Pulldown (to GND) 800 kQ
VL Low-level input voltage 0.6
\im High-level input voltage 2.65 v
VIHH Hysteresis 0.2
V1s Tri-state voltage 1.3 2.0
trHOLD(of1) ;Wi;ate activation time (falling) 60
ns
trHOLD(of2) 'Igc\ﬁélate activation time (rising) 60
treke Tri-state activation time (falling) 1
SKIP
trexr yate activation time (rising) 1 Hs
KIP
tarD(PWM) Tri-state exit time PWM 100 ns
t3RD(SKTF) Tri-state exit time SKIP 50 Hs
HIGH-SIDE GATE DRIVER (DRVH)
tR(DRVH) Rise time DRVH rising, Cpryn = 3.3 nF; 20% to 80% 30 ns
tRPD(DRVH) Rise time propogation delay CprvH = 3.3 nF 40 ns
Rsrc Source resistance ‘R’;’;srfe_ f\?ss\ﬁ;geé.(;/s/sr Vsw) =5V, high state, 4 8 Q
tF(DRVH) Fall time DRVH falling, Cpryn = 3.3 nF 8 ns
tFPD(DRVH) Fall-time propagation delay CprvH = 3.3 nF 25 ns
Rsnk Sink resistance gtigtke r(evsti)itj:c_e\’/(s\\fﬁsl B.Y%W) forced to 5V, low 0.5 1.6 Q
RpRVH DRVH to SW resistance® 100 kQ
LOW-SIDE GATE DRIVER (DRVL)
tRORVL) Rise time DRVL rising, CpryL = 3.3 nF; 20% to 80% 15 ns
tRPD(DRVL) Rise time propagation delay CprvL =3.3nF 35 ns
Rsrc Source resistance f{;’y;;e_r\e/z:\ti;ieé_(I%DD_GND) =5V, high state, 1.5 3 Q
tr(DRVL) Fall time DRVL falling, CpryL = 3.3 nF 10 ns
tFPD(DRVL) Fall-time propagation delay CprvL=3.3nF 15 ns
Rsnk Sink resistance (S\i/r;l;\:fs_iséaﬁg)a,:(\c/)\.,f.i/— GND) =5V, low state, 0.4 1.6 Q
RDRVL DRVL to GND resistance® 100 kQ
(1) Specified by design. Not production tested.
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Electrical Characteristics (continued)
These specifications apply for T; = —40°C to 125°C and VDD =5 V unless otherwise specified.
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
GATE DRIVER DEAD-TIME
troT) Rising edge 0 20 35 ns
troT) Falling edge 0 10 25 ns
ZERO CROSSING COMPARATOR
Vzx Zero crossing offset ‘ SW voltage rising -2.25 0 2.00 mV
BOOTSTRAP SWITCH
VegsT Forward voltage I =10 mA 120 240 mV
IRLEAK Reverse leakage (Vgst —Vvop) =25V 2 HA
Rps(on) On-resistance 12 24 Q
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6.6 Typical Characteristics
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Figure 5. PWM Low to Tri-State Figure 6. PWM Tri-State to Low
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Typical Characteristics (continued)
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Figure 11. SW Node-Ringing at V|y =8V Figure 12. SW Node-Ringing at V|y =20 V
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6.7 Typical Power Block MOSFET Characteristics
Power block MOSFET: CSD87330 (SLPS284), Inductor: 0.22 pF, 1.1-mQ DCR

100 100
95 95
—
90 // = g 90
\

85 ~ 8
£ 80 £ 80
& &
.5 75 .5 75
£ 70 £ 70
w SKIP = High w SKIP = Low

65 Viy= 7.4V 65 Vin= 7.4V

60 Vour =18V 60 Vour =18V

55 fsw = 800 kHz 55 fow = 800 kHz

FCCM Operation Skip Mode Operation
50 50
0 2 4 6 8 10 12 14 16 18 20 22 0 01 02 03 04 05 06 07 08 09 1
Output Current (A) G000 Output Current (A) G000
Figure 13. Efficiency vs Output Current, SKIP = High Figure 14. Efficiency vs Output Current, SKIP = Low
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7 Detailed Description

7.1 Overview

The TPS51604-Q1 device is a synchronous-buck MOSFET driver designed to drive both high-side and low-side
MOSFETSs. It allows high-frequency operation with current driving capability matched to the application. The
integrated boost switch is internal. The TPS51604-Q1 device employs dead-time reduction control and shoot-
through protection, which helps avoid simultaneous conduction of high-side and low-side MOSFETs. Also, the
drivers improve light-load efficiency with integrated DCM-mode operation using adaptive crossing detection.
Typical applications yield a steady-state duty cycle of 60% or less. For high steady-state duty cycle applications,
including a small external Schottky diode may help to ensure sufficient charging of the bootstrap capacitor.

7.2 Functional Block Diagram

VDD s TPS51604-Q1
DRVL 4|>—’7£
D '
Level Shift ———
VDD I + _| ; -
+ 7 | sSw
1V L
1.7 MQ T
_ Nl
SKIP | 3 3-State ==
Logic _[]'_
+
VDD 800 kQ j+ o
v 1
PWM [ 5 3-Sta}e
Logic
N
800 kQ

UDG-12323

7.3 Feature Description

7.3.1 UVLO Protection

The UVLO comparator evaluates the VDD voltage level. As Vypp rises, both DRVH and DRVL hold actively low
at all times until V\pp reaches the higher UVLO threshold (Vyyio 1)- Then, the driver becomes operational and
responds to PWM and SKIP commands. If VDD falls below the lower UVLO threshold (Vyvio L = Vuvio 1 —
Hysteresis), the device disables the driver and drives the outputs of DRVH and DRVL actively low. Figure 15
shows this function.

CAUTION

Do not start the driver in the very low power mode (SKIP = Tri-state).
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Feature Description (continued)
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Figure 15. UVLO Operation

7.3.2 PWM Pin

The PWM pin incorporates an input tri-state function. The device forces the gate driver outputs to low when
PWM is driven into the tri-state window and the driver enters a low power state with zero exit latency. The pin
incorporates a weak pullup to maintain the voltage within the tri-state window during low-power modes.
Operation into and out of tri-state mode follows the timing diagram outlined in Figure 16.

When VDD reaches the UVLO_H level, a tri-state voltage range (window) is set for the PWM input voltage. The
window is defined as the PWM voltage range between PWM logic high (V,y) and logic low (V,) thresholds. The
device sets high-level input voltage and low-level input voltage threshold levels to accommodate both 3.3-V
(typical) and 5-V (typical) PWM drive signals.

When the PWM exits tri-state, the driver enters CCM for a period of 4 us, regardless of the state of the SKIP pin.
Typical operation requires this time period in order for the auto-zero comparator to resume.
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Figure 16. PWM Tri-State Timing Diagram
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Feature Description (continued)

7.3.3 SKIP Pin

The SKIP pin incorporates the input tri-state buffer as PWM. The function is somewhat different. When SKIP is
low, the zero crossing (ZX) detection comparator is enabled, and DCM mode operation occurs if the load current
is less than the critical current. When SKIP is high, the ZX comparator disables, and the converter enters FCCM
mode. When both SKIP and PWM are tri-stated, typical operation forces the gate driver outputs low and the
driver enters a very-low-power state. In the low-power state, the UVLO comparator remains off to reduce
quiescent current. When either SKIP is pulled low, the driver wakes up and is able to accept PWM pulses in less
than 50 ps.

Table 1 shows the logic functions of UVLO, PWM, SKIP, DRVH, and DRVL.

Table 1. Logic Functions of the TPS51604-Q1

UVLO PWM SKIP DRVL DRVH MODE
Active — — Low Low Disabled
Inactive Low Low High® Low pcM®
Inactive Low High High Low FCCM
Inactive High HorlL Low High

Inactive Tri-state HorlL Low Low Low power
Inactive — Tri-state Low Low Very-low power

(1) Until zero crossing protection occurs.

7.3.3.1 Zero Crossing (ZX) Operation

The zero crossing comparator is adaptive for improved accuracy. As the output current decreases from a heavy
load condition, the inductor current also reduces and eventually arrives at a valley, where it touches zero current,
which is the boundary between continuous conduction and discontinuous conduction modes. The SW pin detects
the zero-current condition. When this zero inductor current condition occurs, the ZX comparator turns off the
rectifying MOSFET.

7.3.4 Adaptive Dead-Time Control and Shoot-Through Protection

The driver utilizes an anti-shoot-through and adaptive dead-time control to minimize low-side body diode
conduction time and maintain high efficiency. When the PWM input voltage becomes high, the low-side MOSFET
gate voltage begins to fall after a propagation delay. At the same time, DRVL voltage is sensed, and high-side
driving voltage starts to increase after DRVL voltage is lower than a proper threshold.

V— 06V
o [ IR-DRVL
DRVL «—{RPD-DRVL—» |
I:
tFPD-DRVL ™ I
I:
tF-DRVL i o
tR-DRVL _liq =M__ 4.0V g?o/l{/
tFPD-DRVH tF-DRVH
[4-tRPD-DRVH ™ 1oV ‘ 1.0
_______ . oV
DRVH ) A— 10% \
UDG-12226

Time

Figure 17. Rise and Fall Timing and Propagation Delay Definitions
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Typical operation manages to near zero the dead-time between the low-side gate turn-off to high-side gate
voltage turn-on, and high-side gate turn-off to low-side gate turn-on, in order to avoid simultaneous conduction of
both MOSFETS, as well as to reduce body diode conduction and recovery losses. This operation also reduces
ringing on the leading edge of the SW waveform.

A
PWM
DRVL
1.0V =~
I
I
tR-DT T |
o
o
o
| 1.0V
DRVH | oo
Time UDG-12227

Figure 18. Dead-Time Definitions

7.3.5 Integrated Boost-Switch

To maintain a BST-SW voltage close to VDD (to get lower conduction losses on the high-side FET), the
conventional diode between the VDD pin and BST pin is replaced by a FET, which is gated by the DRVL signal.

Copyright © 2014, Texas Instruments Incorporated Submit Documentation Feedback 13
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8 Layout

8.1 Layout Guidelines

To improve the switching characteristics and design efficiency, these layout rules must be considered:
e Locate the driver as close as possible to the MOSFETS.
» Locate the VDD and bootstrap capacitors as close as possible to the driver.

« Pay special attention to the GND trace. Use the thermal pad of the package as the GND by connecting it to
the GND pin. The GND trace or pad from the driver goes directly to the source of the MOSFET, but should
not include the high current path of the main current flowing through the drain and source of the MOSFET.

* Use a similar rule for the switch-node as for the GND.

» Use wide traces for DRVH and DRVL closely following the related SW and GND traces. A width of between
80 and 100 mils is preferable where possible.

» Place the bypass capacitors as close as possible to the driver.

 Avoid PWM and enable traces going close to the SW and pad where high dV/dT voltage can induce
significant noise into the relatively high-impedance leads.

A poor layout can decrease the reliability of the entire system.
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9 Device and Documentation Support

9.1 Trademarks
All trademarks are the property of their respective owners.

9.2 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.

9.3 Glossary

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

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

® 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, 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)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

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

Addendum-Page 1

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)
TPS51604QDSGRQ1 ACTIVE WSON DSG 8 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR 604Q
& no Sh/Br)
TPS51604QDSGTQ1 ACTIVE WSON DSG 8 250 Gg[een s(l;/%H)s CU NIPDAU Level-2-260C-1 YEAR 604Q
no r
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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.

OTHER QUALIFIED VERSIONS OF TPS51604-Q1 :
o Catalog: TPS51604

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

Addendum-Page 2
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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
[ 4
T
=
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)
TPS51604QDSGRQ1 WSON DSG 8 3000 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
TPS51604QDSGTQ1 WSON DSG 8 250 180.0 8.4 2.3 2.3 115 | 4.0 8.0 Q2
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS51604QDSGRQ1 WSON DSG 8 3000 210.0 185.0 35.0
TPS51604QDSGTQ1 WSON DSG 8 250 210.0 185.0 35.0
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MECHANICAL DATA

DSG (S—PWSON—N8) PLASTIC SMALL OUTLINE NO—-LEAD

2,10
N B 1,90
PIN 1 INDEX AREA e
TOP AND BOTTOM
080
0,70
0,20 REF.
0,08 l
= T SEATING PLANE
0,05 j é
0,00 .
0,40
8X = > <4— 0,50
0,20 1 4 \
AN
T \ EXPOSED THERMAL PAD
8 S 0,30
> < : 0,70 |C|A|B
B35 | 10.10@[c[A]B]
1,50 <

4208210/8 10,/10

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.
C. Quad Flatpack, No—Leads (QFN) package configuration.

A\ 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.

E. Falls within JEDEC MO-229.
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THERMAL PAD MECHANICAL DATA

DSG (S—PWSON—NB) 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.

Pin 1 Indicator 1 4/ Exposed Thermal Pad

L L |—|/ld — 0,90£0,10

‘ 4

+
A

[T (]
8 5
< 1,60£0,10

Bottom View

Exposed Thermal Pad Dimensions

4208347/G 08/13

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

DSG (S—PWSON—N8)

PLASTIC SMALL OUTLINE NO-LEAD

Example Board Layout

Example Stencil Design

0.125mm Stencil Thickness
(Note E)

—»}—‘«— 6x0,5 ——’—(«— 6x0,5

To0og—

T 8x0,25 —=—f—f=—
24141 O O

l ~< |—-— 1,3 —=]
D00, %BDDD,

63% Printed solder coverage on center pad

,' Non Solder Mask Defined Pad ‘\ Center Pad Layout
/ . (Note D)

1

— - 16 —
L
$

N 2x00,3
\ SolderEagrsTLplgpening \GD Q 0,9
( /‘/ (Note F) +
' 0,5 .\’r—~ Pa(}i\lo(izo(rgetry
\ e %%
\\—\7)’2;— //,

\\_-//

4

/

/
/

0,8

4208774/F 02/13

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,

QFN/SON PCB Attachment, 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>.
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. Refer to IPC 7525 for stencil design considerations.
F.  Customers should contact their board fabrication site for solder mask tolerances.
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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.

TI 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.

TI 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 TI 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 TI 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, TI 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 Tl components are authorized for use in FDA Class Ill (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.

TI 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.
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Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
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