I3 TEXAS
INSTRUMENTS

www.ti.com.cn

TPL7407L

ZHCSC16A —JANUARY 2014—-REVISED JANUARY 2014

TPL7407L 40V 7 i# & (5K ) 2

WKL F TPL7407L

et

s 600MA FlEiRk R (iEiE)

o 7 iBiEERB (Darlington) FEF (filtn
ULN2003A) K] CMOS 5| i35 i itk

o ThFE (R Vo)
— HRA 100mA B, Vo Tk R

(Darlington) F&%|HIIY 432 —

o FHEE/NT 10nA KRR H M ER

o YRERISREEE:
Ta = -40°C % 125°C

o mEHH 40V

« 518V Z 5.0V izl S @ HEE O H#E

o TP PR A B RG —RE

o BN HIEBEES AT S = AN IS B

o FSRIHFRME JIRBE R A BT A FEFH L2 (RC)
Zras

o HBRMAEIKBER

«  FpEUCE (ESD) R PEBERRIE JESD 22 MITHE R
— 2kV AfEHERS (HBM), 500V 76 H 2% i 7y

(CDM)

o KH 16 FIH/NMERSTERHEE (SOIC) FIER/N

SME RS (TSSOP) $f 3

17 A FEL I T 2L [

im

N Ji
o HURAE
— YkHgE
— BB & BRI ER BN
- BEZE & I
o RAZHKE (LED)
o PHBPLI
o MR & ZEZHXUAR B SR ARE (IGBT) 2Ka)

ot B

TPL7407L & —# sk =i NMOS AR E 41 .
XA 7 AMFEA =R NMOS B, X
S T AR ELA BTG T G FRLER SRR I L B R EH 7 AR
—ANHAS NMOS I8 [ B R IR AR IR AE N
600mMA.  HE N A F e AN DR B H 2% 7E AN I8 SN
iy (GPIO) YEFE P (1.8V-5.0V) $RALH K URE 58 .
AL I 2 it AR S B DA S B v R LR BB T
TPL7407L K EEAR A 2 AT AR LK T XU
KR (Darlington) Z8LFMEERAE . (5B T RAKH
Voo, THRFEBLAE G 4k Ik 85—, MEIERH
/b 250mA.

W ER
PEX ] HE GIED HERT
TPL7407L SOIC (16) 9.9mm x 3.91mm
TPL7407L TSSOP (16) 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.

Copyright © 2014, Texas Instruments Incorporated
English Data Sheet: SLRS066


http://www.ti.com.cn/product/cn/tpl7407l?qgpn=tpl7407l
http://www.ti.com.cn
http://www.ti.com.cn/product/cn/tpl7407l#samples
http://www-s.ti.com/sc/techlit/SLRS066.pdf

TPL7407L

ZHCSC16A —JANUARY 2014—-REVISED JANUARY 2014

13 TEXAS

INSTRUMENTS

www.ti.com.cn

‘ 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

N[> 2 @ our
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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.

Copyright © 2014, Texas Instruments Incorporated
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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

Copyright © 2014, Texas Instruments Incorporated 3
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Typical Characteristics
Vo at Various Temperatures Fly-back Diode Forward Voltage
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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.

6 Copyright © 2014, Texas Instruments Incorporated
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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

Copyright © 2014, Texas Instruments Incorporated 7


http://www.ti.com.cn/product/cn/tpl7407l?qgpn=tpl7407l
http://www.ti.com.cn

TPL7407L .

13 TEXAS
INSTRUMENTS

ZHCSC16A —JANUARY 2014—-REVISED JANUARY 2014 www.ti.com.cn

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\

IN1

IN2

IN3

IN4

IN5

IN6

IN7

GND

TPL7407L

OuT1

ouT2

OuT3

ouT4

OuUT5

OuUT6

ouT7

COM

24V

Figure 11. TPL7407L Driving 24V Relays
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPL7407LDR Active Production SOIC (D) | 16 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 TPL7407L
TPL7407LDR.B Active Production SOIC (D) | 16 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 TPL7407L
TPL7407LPWR Active Production TSSOP (PW) | 16 2000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 TPL7407L

TPL7407LPWR.B Active Production TSSOP (PW) | 16 2000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 TPL7407L

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

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

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

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

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

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

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

Important Information and Disclaimer:The information provided on this page represents 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 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
[ 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 10.3 2.1 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

Pack Materials-Page 1
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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

Pack Materials-Page 2



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.
w3 TExas
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PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14)(
1] e
— 4= -
— —
2X
51 | 1
4.9
— —
— — 4X (0°-12°)
Y — jzgf
° L 16x 9-30
B] 45 0 . 0.17 —

4.3 y
S0 [c[Ale]

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/B  12/2023

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
"~ EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220204/B 12/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X
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NOTES: (continued)
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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