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TPL7407L 40V 7-Channel Low Side Driver

Check for Samples: TPL7407L

FEATURES

e 600mA-Rated Drain Current (Per Channel)

¢ CMOS Pin-to-Pin Improvement of 7-channel
Darlington Array (e.g. ULN2003A)

» Power Efficient (Very low Vg,)

— Less Than 4 Times Lower Vg at 100mA
Than Darlington Arrray

e Very Low Output Leakage < 10nA Per Channel
e Extended Ambient Temperature Range:

Ta =-40°C to 125°C
e High-Voltage Outputs 40V

e Compatible with 1.8V to 5.0V Micro-controllers
and Logic Interface

» Internal Free-wheeling Diodes for Inductive
Kick-back Protection

e Input Pull-down Resistors Allows Tri-stating
the Input Driver

e Input RC-Snubber to Eliminate Spurious
Operation in Noisy Environment

e Inductive Load Driver Applications
» ESD Protection Exceeds JESD 22
— 2kV HBM, 500V CDM
e Available in 16-pin SOIC and TSSOP Packages

Simplified Schematic
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APPLICATIONS

e Inductive Loads
— Relays
— Unipolar Stepper & Brushed DC Motors
— Solenoids & Valves

e LEDs

e Logic Level Shifting

e Gate & IGBT Drive

DESCRIPTION

The TPL7407L is a high-voltage, high-current NMOS
transistor array. This device consists of seven NMOS
transistors that feature high-voltage outputs with
common-cathode clamp diodes for switching
inductive loads. The maximum drain-current rating of
a single NMOS channel is 600 mA. New regulation
and drive circuitry added to give maximum drive
strength across all GPIO ranges (1.8V-5.0V).The
transistors can be paralleled for higher current
capability.

The TPL7407L's key benefit is its improved power
efficiency and lower leakage than a Bipolar Darlington
Implementation. With the lower Vg  the user is
dissipating less than half the power than traditional
relay drivers with currents less than 250mA per
channel.

Device Information

PACKAGE (PIN) BODY SIZE
SOIC (16) 9,9mm x 3,91mm
TSSOP (16)

ORDER NUMBER
TPL7407L
TPL7407L

5,0mm x 4,4mm

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

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

TERMINAL CONFIGURATION AND FUNCTIONS
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Terminal Functions

TERMINAL
DESCRIPTION
NAME NUMBER
IN(X) 1,2,3,4,56,7 GPIO inputs that will drive the outputs "low" (or sinnk current) when driven "high"
OUT(X) 16, 15, 14i013’ 12,11, Driver output that sinks currents after input is driven "high"
COM 9 Supply PIn that should be tied to 8.5V or higher for proper operation
GND 8 Ground pin

Specifications

Absolute Maximum Ratings®
at 25°C free-air temperature (unless otherwise noted)

MIN MAX UNIT
Vour Pins OUT1-OUT7 to GND voltage -0.3 42 Y
Vok  Ouput Clamp diode reverse voltage @ 0.3 42 Y,
Vcom COM pin voltage® -0.3 42 Y
Vin Pins IN1-IN7 to GND voltage @ -0.3 30 Y
Ios Continuous drain current per channel® ¢ 600| mA
lok Output clamp current 500 mA
Igao  Total continuous GND-terminal current -2 A
Ta Operating free-air temperature range -40 125 °C
T; Operating virtual junction temperature -40 150 °C
Tstg Storage temperature range —65 150 °C

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to the GND/substrate terminal, unless otherwise noted.

(3) Maximum power dissipation is a function of Tj(max), 834, and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (Tj(max) — Tp)/0;4. Operating at the absolute maximum T, of 150°C can affect reliability.

(4) The package thermal impedance is calculated in accordance with JESD 51-7.
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Thermal Information

TPL7407L
THERMAL METRIC® SOIC (D) TSSOP (PW) UNIT
16 PINS 16 PINS
03a Junction-to-ambient thermal resistance 91.9 115.2 °C/W
B3ctop Junction-to-case (top) thermal resistance 50.1 49.5 °C/W
038 Junction-to-board thermal resistance 49.4 60.8 °C/W
Wit Junction-to-top characterization parameter 18.6 8.5 °C/W
Wis Junction-to-board characterization parameter 49.1 60.2 °C/W
B3chot Junction-to-case (bottom) thermal resistance N/A N/A °C/W

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

Recommended Operating Conditions
Over operating temperature range

MIN NOM MAX UNIT
Vout OUT1- OUTY pin voltage for recommended operation 0 40 \%
Vcom COM pin voltage range for full output drive 8.5 40 \%
VL IN1- IN7 input low voltage ("Off" high impedance output) 0.9 \%
\im IN1- IN7 input high voltage ("Full Drive" low impedance output) 15 \%
T, Operating virtual junction temperature -40 125 °C
Ips Continuous drain current 0 500 mA
Electrical Characteristics
T,=—-40°C to 125°C; Typical Values at T,=T,= 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
v OUT1- OUT7 low-level output Vi 2 1.5V Ip = 100 mA 200 320
ot (Vos) voltage Ip =200 mA 420 650 mv
D
lout(orr) (Ibs_orF) OUT1- OUT7 OFF-state leakage Vout = 24V, VN £ 1.0V 10 500 nA
current
Ve Clamp forward voltage I =200 mA 1.4 \%
NG IN1- IN7 Off-state input current Vinx= OV Vout=40V 500 nA
Iinon) IN1- IN7 ON state input current Vinx=1.5V-5.0V 10 MA
lcom S_tatic current flowing through COM | Vcou=8.5V-40V 15 25 MA
pin
Switching Characteristics
Typical Values at T,=T ;= 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
toL (I?Lrl(t)gflatgation delay time, low- to high-level Vinx 2165V, Vpullup=24V, Rpull-up = 48Q 350 ns
oL (Ijlrjct)gligation delay time, high- to low-level Vinx 2165V, Vpullup=24V, Rpull-up = 48Q 350 ns
Ci Input capacitance V, =0, f = 100KHz 5 pF
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Typical Characteristics
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Figure 1. Vo (Vps) Figure 2. Flyback Diode Forward Voltage
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vs. Ambient Temperature (D Package) vs. Ambient Temperature (PW Package)
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Figure 5. D Package Maximum Collector Current Vs. Duty Figure 6. D Package Maximum Collector Current Vs. Duty
Cycle at 25°C Cycle at 70°C
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Typical Characteristics (continued)
Channel Current De-Rating @25°C (PW Package) Channel Current De-Rating @70°C (PW Package)
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Figure 7. PW Package Maximum Collector Current Vs. Duty Figure 8. PW Package Maximum Collector Current Vs. Duty
Cycle at 25°C Cycle at 70°C
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APPLICATION AND IMPLEMENTATION

TTL and other Logic Inputs

TPL7407L input interface is specified for standard 1.8V and 5V CMOS logic interface and can tolerate up to 30V.
At any input voltage the output drivers will be driven at it's maximum when Vcom is greater than or equal to 8.5V.

Input RC Snubber

TPL7407L features an input RC snubber that helps prevent spurious switching in noisy environment. Connect an
external 1kQ to 5kQ resistor in series with the input to further enhance TPL7407L’s noise tolerance.

High-impedance Input Drivers

TPL7407L features a 1MQ input pull-down resistor. The presence of this resistor allows the input drivers to be tri-
stated. When a high-impedance driver is connected to a channel input the TPL7407L detects the channel input
as a low level input and remains in the OFF position. The input RC snubber helps improve noise tolerance when
input drivers are in the high-impedance state.

On-chip Power Dissipation
Use the below equation to calculate TPL7407L on-chip power dissipation Pp:

N
P = ZVOLi xl,
i1

Where:
N is the number of channels active together.
Vo is the OUT; pin voltage for the load current I ;. 1)

Thermal Reliability

It is recommended to limit TPL7407L IC’s die junction temperature to less than 125°C. The IC junction
temperature is directly proportional to the on-chip power dissipation. Use the following equation to calculate the
maximum allowable on-chip power dissipation for a target IC junction temperature:

PD N (TJ(MAX) - TA%
(MAX) — 0
JA

Where:

Timax) is the target maximum junction temperature.

Ta is the operating ambient temperature.

034 is the package junction to ambient thermal resistance. 2)

Improving Package Thermal Performance

0,4 value depends on the PC board layout. An external heat sink and/or a cooling mechanism, like a cold air fan,
can help reduce 6;, and thus improve device thermal capabilities. Refer to TI's design support web page at
www.ti.com/thermal for a general guidance on improving device thermal performance.
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Application Examples

Unipolar Stepper Motor Driver

Figure 9 shows an implementation of TPL7407L for driving a uniploar stepper motor. The unconnected input
channels can be used for other functions. When an input pin is left open the internal 1MQ pull down resistor pulls
the respective input pin to GND potential. For higher noise immunity use an external short across an
unconnected input and GND pins. The COM pin must be tied to the supply of whichever inductive load is being
driven for the driver to be protected by the free-wheeling diode.

(Y I ) VSUP
Motor Control Pulses ?
(18Vto5V) TPL7407L .
IN1 OUT1 —
| — | |IN2 OUT2 —
: — | |IN3 OuUT3 —
IN4 ouUT4 —
— | |IN5 ouTs| | —
— | |IN6 ouTs| | ——
—1 | |in7 out7| | b——o VSUP
GND COM ?
N

Figure 9. TPL7407L as a Stepper Motor Driver
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Multi-Purpose Sink Driver

When configured as per Figure 10 TPL7407L can be used as a multi-purpose driver. The output channels can be
tied together to sink more current. TPL7407L can easily drive motors, relays & LEDs with little power dissipation.
COM must be tied to highest load voltage, which may or may not be same as inductive load supply.

VSUP

Logic Inputs
(1.8V to 5V) TPL7407L vsupP

Ll L

VSUP

L1

z

N

o

c

S
1

I__IL_II__II__II__II__ITT

Vv

Figure 10. TPL7407L Multi-Purpose Sink Driver Application
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24V Relay Driver

To drive lower resistance relays, like <48Q , connect two or more adjacent channels in parallel as shown in
Figure 11. Connecting several channels in parallel lowers the channel output resistance and increases the drive
current. TPL7407L can be used for driving 12V, 24V & 36V relays with similar a implementation.

1.8V Logic

Simultaneous operation
is limited or enabled by
relay resistance, coil
voltage and
temperature.

|
|
|
|
|
|
|
|
\/

1.8V Logic

N\

Figure 11. TPL7407L Driving 24V Relays
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
TPL7407LD PREVIEW SoIC D 16 40 TBD Call Tl Call TI -40to 125
TPL7407LDR ACTIVE SOIC D 16 2500  Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 TPL7407L Samples
& no Sh/Br)
TPL7407LPW PREVIEW TSSOP PW 16 90 TBD Call Tl Call Tl -40to 125
TPL7407LPWR ACTIVE TSSOP PW 16 2000 Gg:eneons(ls/(g—r!)s CU SN Level-1-260C-UNLIM -40to 125 TPL7407L Samples

® 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): Tl'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 Sh 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.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
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)
TPL7407LDR SoIC D 16 2500 330.0 16.8 6.5 103 | 21 8.0 16.0 Q1
TPL7407LPWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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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)
TPL7407LDR SoIC D 16 2500 364.0 364.0 27.0
TPL7407LPWR TSSOP PW 16 2000 364.0 364.0 27.0
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MECHANICAL DATA

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
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MECHANICAL DATA
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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.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall

not exceed 0,15 each side.
Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.

E. Falls within JEDEC MO-153
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LAND PATTERN DATA

PW (R-PDSO—-G16) PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings

e I
fHARAARR- w;«ﬁ%ﬂﬂﬂﬁ
(HBAARAs- BRRIHIRE

Example

‘.
‘.
‘.
'\ Non Soldermask Defined Pad

Example
Pad Geometry
* - (See Note C)
/ -

(See Note E)

.'/ * \ Example
! 1,60 / Solder Mask Opening
. |

\ —=ll<—0,07 /

)
\

\ All Around //

______
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NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC-7351 is recommended for alternate designs.
D. 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 other stencil recommendations
E.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads
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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.

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 © 2014, Texas Instruments Incorporated
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