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5 Pin Configuration and Functions

NDR Package

7-Pin TO-263 With Exposed Thermal Pad

Top View
Thermal
Pad
— [aV) [sp] < [fe] © ~
J

& £ |2 & © z

< o =

a n

Pin Functions
PIN
110 DESCRIPTION

NO. NAME

Enable pin for LED open-circuit detection to avoid false open diagnostics during low-
1 DIAGEN | .

dropout operation
2 PWM | PWM input for current output ON/OFF control
3 FAULT 1/0 Fault output, support one-fails—all-fail fault bus
4 GND — Ground
5 ouT (0] Constant-current output, connect to anode of the top LED in LED-string
6 IN | Current input
7 SUPPLY | Device supply voltage
— Thermal pad — Thermal pad, connect to ground

Copyright © 2019-2020, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
over operating ambient temperature range (unless otherwise noted)®
MIN MAX UNIT
High-voltage input DIAGEN, IN, PWM, SUPPLY 0.3 45 Y
High-voltage output ouT -0.3 45 \%
Fault bus FAULT -0.3 22 Y
IN to OUT Vin = Vioun) -0.3 45 v
SUPPLY to IN VisuppLy) — Von) -0.3 1 v
Operating junction temperature, T, -40 150 °C
Storage temperature, Tgyq -40 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002® .
+
Device HBM ESD Classification Level H2 All pins 2000
V, Electrostatic discharge : \%
(EsD) g Charged-device model (CDM), per AEC Q100-011 | All pins +500
Device CDM ESD Classification Level C3B Corner pins (1 and 7) +750

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

6.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)

MIN NOM MAX UNIT
SUPPLY Device supply voltage 4.5 40 \%
IN Sense voltage 4.4 40 \%
PWM PWM inputs 0 40 \%
DIAGEN Diagnostics enable pin 0 40 \Y
ouT Driver output 0 40 \%
FAULT Fault bus 0 7 \Y
Operating ambient temperature, T —40 125 °C

6.4 Thermal Information

TPS92613-Q1
THERMAL METRIC® NDR (TO-263) UNIT
7 PINS
Roia Junction-to-ambient thermal resistance 28.4 °C/IW
Roac(top) Junction-to-case (top) thermal resistance 23.1 °C/W
Ross Junction-to-board thermal resistance 10.1 °C/W
T Junction-to-top characterization parameter 4.2 °CIW
Vi Junction-to-board characterization parameter 9.9 °C/W
Roacboy Junction-to-case (bottom) thermal resistance 35 °C/W

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

6.5 Electrical Characteristics

V(suppLy) = 5 V 10 40 V, T; = —40°C to +150°C unless otherwise noted
PARAMETER | TEST CONDITIONS | MmN TYP mAX| UNIT

BIAS
V(POR rising) Supply voltage POR rising threshold ‘ ‘ 3.2 4 ‘ \%

4 Copyright © 2019-2020, Texas Instruments Incorporated
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Electrical Characteristics (continued)

V(suppLy) = 5 V 10 40 V, T; = -40°C to +150°C unless otherwise noted

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V(PoR falling) Supply voltage POR falling threshold 2.2 3 \%
lQuiescent) Device standby current PWM = HIGH 0.1 0.2 0.25| mA
IEauLT) Device current in fault mode PWM = HIGH, FAULT externally pulled LOW 0.1 0.2 0.25| mA
LOGIC INPUTS (DIAGEN, PWM)
ViL(DIAGEN) Input logic-low voltage, DIAGEN 1.045 1.1 1.155 \
ViH(DIAGEN) Input logic-high voltage, DIAGEN 1.16 1.2 1.24 \
ViLpwimy Input logic-low voltage, PWM 1.045 1.1 1155 \%
Virpwwm) Input logic-high voltage, PWM 1.16 1.2 1.24 \
CONSTANT-CURRENT DRIVER
loum Device output-current range 100% duty cycle 4 600 mA
) ) Ta=25°C, VisuppLy) = 4.5 V10 18 V 94 98 102
V(cs_Rreg) Sense-resistor regulation voltage mV
Ta =-40°C to +125°C, V(syppLy) = 4.5 V 10 18 V 93.5 98 1025
R(cs_rec) Sense-resistor range 0.16 50 Q
V(cs_reg) Voltage included, current setting of 10 mA 120 150
V(cs_reg) Voltage included, current setting of 70 mA 250 400
V(oropPouT) Voltage dropout from SUPPLY to OUT X](XS?REG) voltage included, current setting of 150 430 700 mv
V(cs_reg) Voltage included, current setting of 300 800 1300
mA
DIAGNOSTICS
V(0PEN_th_rising) LED open rising threshold, V() — Vour) 235 290 335 mV
V(OPEN _th_falling) LED open falling threshold, V) — V(our) 70 100 135 mV
V(sG_th_rising) SQESQEL::;% Vioun shartto-ground 114 12 1.26 v
V(s6_th_faling) gﬂﬁgﬁ:ég%’é Vioun short-to-ground 082 0865 091| V
I(Retry) ﬁr"’;,ngfrlrgﬁ:pm Vioun short-to-ground 064 108 1528 mA
FAULT
ViLFEauL) Logic input low threshold 0.7 \
VIH(FAULT) Logic input high threshold 2 \
VoLFauLT) Logic output low threshold With 500-pA external pullup 0.4 \
VoHEAULT) Logic output high threshold With 1-pA external pulldown, V(syppLy) = 12 V 5 7 \
I(FAULT_pulldown) FAULT internal pulldown current 500 750 1000 | pA
|(FAULT pullup) FAULT internal pullup current 5 8 12| pA
THERMAL PROTECTION
Terso) E;:;rp;ldshutdown junction temperature 157 172 187 oc
T Thermal ‘shutdown junction temperature 15 °c
(TSD_HYS) hysteresis
6.6 Timing Requirements
MIN NOM MAX | UNIT
tpw_delay ising ::1\/2\3 urir(seinlg edge delay, 50% PWM voltage to 10% of output current closed loop, t2 - t1 as shown 10 17 25| ps
W delay aling) iI;Vgli\gllgiiellirlmg edge delay, 50% PWM voltage to 90% of output current open loop, t5 - t4 as shown 15 21 30| ps
{oEVICE. STARTUP) ?1UF|?;qu: ;ising edge to 10% output current at 200-mA set current and 14 V, t8 - t7 as shown 100 150| ps
toPEN_deg) LED-open fault-deglitch time 80 125 175| ps
t(sc_deg) Output short-to-ground detection deglitch time 80 125 175| ps
trsD_deg) Thermal over temperature deglitch timer 50 us
t(Recover_deg) Fault recovery deglitch timer 8.5 16 25| us

Copyright © 2019-2020, Texas Instruments Incorporated 5
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6.7 Typical Characteristics

500 500
— l(our setting = 300 mA — l(our setting = 300 mA
450 — liour) setting = 150 mA 450 — liour) setting = 150 mA
400 400
g 350 &E‘ 350
§_ 300 *g_ 300
3 250 3 250
§ 200 § 200
3 150 3 150
100 100
50 50
0 0
8 12 16 20 24 -40  -20 0 20 40 60 80 100 120 140
Supply Voltage (V) Temperature (°C)
2. Output Current vs Supply Voltage 3. Output Current vs Temperature
500 250
— l(our) setting = 300 mA _— I(OUT) setting = 150 mA -40°C
450 — lioum) setting = 200 mMA — ljoum) setting = 150 mA 25°C
400 liou) setting = 150 mA 200 liouT) setting = 150 mA 125°C
g 350 &E‘
= 300 = 150 r
2 / 2
2 250 =
e} / o
§ 200 e § 100
3 150 3 //
100 50
50 //
0 0
0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 25
Dropout Voltage (V) Dropout Voltage (V)
4. Output Current vs Dropout Voltage 5. Output Current vs Dropout Voltage
500 100%
— l(our) setting = 300 mA -40°C
450 — ljour) setting = 300 MA 25°C .
400 liour) setting = 300 mA 125°C 2
(]
< 350 S
E %)
F 300 4 / § 10%
8 250 -
= / 3
§ 200 // §
a 150 5
100 El /
e}
1%
50
0 0.5%
0 0.5 1 15 2 25 1% 10% 100%
Dropout Voltage (V) PWM Duty Cycle (%)
6. Output Current vs Dropout Voltage 7. PWM Output Duty Cycle vs Input Duty Cycle
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Typical Characteristics (T X)

T e e

Ch. 4= I(OUT)

Ch. 1 = V(suppLy)
f(PWM) =200 Hz

Ch.3= V(PWM)
Duty cycle = 50%

Ch. 1= V(suppLy)
f(PWM) =2 kHz

sV

Ch.3= V(PWM)
Duty cycle = 50%

Ch.4= I(OUT)

"T"iuny;‘ . (2.50G5/s ||
(T

T
Ch. 1= V(SUF’PLY) Ch. 2 = FAULT Ch.3= V(OUT)
Ch. 4= I(OUT) f(PWM) = 1000 Hz

Duty cycle = 30%
SUPPLY dimming between 2.5V and 12V  FAULT floating

Ch. 1 = SUPPLY
Ch. 4= I(OUT)

> J[tooms | [10.0MS/5 "" @ s 900mv
{ L10m points

Ch. 2 = V(our) ch.3=FAULT

10. Supply Dimming at 1 kHz

) [200ms 5.00MS/s “ @ 5 sxum\"
JL1om points J | g

Ch. 1 = SUPPLY Ch. 3 = FAULT

Ch.4= I(OUT)

Ch.2= V(OUT)

12. Transient Overvoltage

Ch. 1 = SUPPLY
Ch. 4= I(OUT)

11. Transient Undervoltage

TN s00ks/s || @ £ 134V
J{3oi points \

Ch.2= V(OUT) Ch. 3 = FAULT

13. Jump Start
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Typical Characteristics (T R)

14. Superimposed Alternating Voltage, 15 Hz

ko e I Run m Trig'd
, TR D S DU S P S P S » RSN DU ST PUNS S
FAULT TAU LT IR T
(@ 10.0v__ @ 5.00v__@ 500V € 20 ‘40 oms “m”ms“‘ ’(‘IT'WTT“ @ 10.0V @ 5.00V__& 5000 @ 200 ‘\‘47%*’;““5;\:{;‘;‘ @ 7 134N \7‘
Ch. 1= SUPPLY Ch. 2 = V(our) Ch. 3 =FAULT Ch. 1= SUPPLY Ch. 2 = V(our ch. 3=FAULT
Ch. 4 = loym) Ch. 4 =1loun

15. Superimposed Alternating Voltage, 1 kHz

\‘wn»

Ch.2= V(OUT)

B 5

Ch. 3 = FAULT

O / auﬁnf\"‘
Ch.
Ch.

1 = SUPPLY
4 =lour)

16. Slow Decrease and chk Increase of Supply Voltage

) [400s

Ch.2= V(OUT)

(@ 5. ) - 0
Ch. 1 =SUPPLY
Ch. 4= I(OUT)

[ @ s au'umv‘

I iow peints )

Ch. 3 = FAULT

17. Slow Decrease and Slow Increase of Supply Voltage

4—‘0\1—‘

Ch.4= I(OUT)

Ch. 1=Vum Ch. 2 =FAULT

18. LED Open-Circuit Protection and Recovery

J[soecsss @ 260V}
lioMpoints f| |

Ch. 1= V(OUT) Ch. 2 = FAULT Ch. 4= I(OUT)

19.

LED Short-Circuit Protection and Recovery
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7 Detailed Description

7.1 Overview

The TPS92613-Q1 is one device of single-channel linear LED driver family including TPS92610-Q1, TPS92611-
Q1 and TPS92612-Q1. The family provides a simple solution for automotive LED applications. Different package
options in the family provide variable current ranges and diagnostic options. The TPS92613-Q1 device in a TO-
263 package supports both LED open-circuit detection and short-to-ground detection. The TPS92613-Q1 can be
used with other TPS9261x-Q1, TPS9263x-Q1 and TPS92830-Q1 family devices together to realize one-fails-all-
fail protection by tying all FAULT pins together as a fault bus.

The current output at OUT pin can be set by an external Risys) resistor. Current flows from the supply through
the Rsng) resistor into the integrated current regulation circuit and to the LEDs through OUT pin.

7.2 Functional Block Diagram

4.5 - 40V
ffffffffffffffffffffff =
=
TPS92613-Q1 -—- N Rens
SUPPLY[ ] /N
L] \ L
+ ‘
DIAGEN |
N, i |
> \
PWM :I Supply ‘
and Output Driver
Control | [] out
. N
FAULT I::I ]
LED Diagnostics | y
%l
F

ND

ol

7.3 Feature Description
7.3.1 Power Supply

7.3.1.1 Power-On Reset (POR)

The TPS92613-Q1 device has an internal power-on-reset (POR) function. When power is applied to the SUPPLY
pin, the internal POR circuit holds the device in reset state until V(sypp_y) is @above V(por iising)-

7.3.1.2 Low-Quiescent-Current

The TPS92613-Q1 device consumes minimal quiescent current, less than 250 pA into SUPPLY when the FAULT
pin is externally pulled LOW. At the same time, the device shuts down the output driver.

If device detects an internal fault, it pulls down the FAULT pin by an internal typical 750-yA constant current as a
fault indication to the fault bus.

10 MRAX © 2019-2020, Texas Instruments Incorporated
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Feature Description (3T )
7.3.2 Constant-Current Driver

The TPS92613-Q1 device is a high-side current driver for driving LEDs. The device controls the output current
through regulating the voltage drop on an external high-side current-sense resistor, Risys). An integrated error
amplifier drives an internal power transistor to maintain the voltage drop on the current-sense resistor Rsys) to
V(cs_rec) and therefore regulates the current output to target value. When the output current is in regulation, the
current value can be calculated by using 23 1.

| _ Vics_Req)
oun=TTgp
(SNS)
where
d V(CS_REG) =98 mV (typlcal) (1)

When the supply voltage drops below total LED string forward voltage plus required dropout voltage, Vpropour)
the TPS92613-Q1 is not able to deliver enough current output as set by the value of Risys), and the voltage
across the current-sense resistor Rsys) is less than Vcs reg)-

7.3.3 PWM Control

The pulse width modulation (PWM) input of the TPS92613-Q1 functions as enable for the output current. When
the voltage applied on the PWM pin is higher than Vyeww), the output current is enabled. When the voltage
applied on PWM pin is lower than V, pwy), the output current is disabled as well as the diagnostic features.
Besides output current enable and disable function, the PWM input of TPS92613-Q1 also supports adjustment of
the average current output for brightness control if the frequency of applied PWM signal is higher than 100 Hz,
which is out of visible frequency range of human eyes. TI recommends a 200-Hz PWM signal with 1% to 100%
duty cycle input for brightness control. See to B 20 for typical PWM dimming application.

4.5 40V

TPS92613 — Q1 CisuppLy)
SUPPLY ]
Resns)
DIAGEN
DIAGEN IN
|_|_|_L|_L PN PWM OUT [
1%~100%@200Hz ;
ﬂ[lj FAULT GND s Coun
Z

20. Typical Application Schematic for PWM Dimming

7.3.4 Supply Control

The TPS92613-Q1 supports supply control to turn ON and OFF output current. When the voltage applied on the
SUPPLY pin is higher than the LED string forward voltage plus needed Vpropour) at required current, and the
PWM pin voltage is high, the output current is turned ON and well regulated. However, if the voltage applied on
the SUPPLY pin is lower than V(por faiing), the output current is turned OFF. With this feature, the power-supply
voltage in the designed pattern controls the output current ON/OFF. The brightness can be adjustable if the
ON/OFF frequency is fast enough. Because of the high accuracy design of PWM threshold in TPS92613-Q1, TI
recommends a resistor divider on the PWM pin to set the SUPPLY threshold higher than LED forward voltage
plus V(prorout) @s shown in B 21. When the voltage on the PWM pin is higher than Vyeww), the output current
is turned ON. However, when the voltage on the PWM is lower than V, eww), the output current is turned OFF.

AR © 2019-2020, Texas Instruments Incorporated 11
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Feature Description (3T )

TPS92613 - Q1 Ciourmy
g SUPPLY <
DIAGEN
:I DIAGEN IN
PWM
<}—«NV—A PWM ouT
FAULT

Cioum

4[|] FAULT GND

21. Typical Application Schematic for SUPPLY Control

7.3.5 Diagnostics and Protection

The TPS92613-Q1 device provides advanced diagnostics and fault-protection features for automotive exterior
lighting systems. The device is able to detect and protect fault from LED-string short-to-GND, LED-string open-
circuit and junction overtemperature scenarios. It also supports a one-fails—all-fail fault bus design that can
flexibly fit different regulatory requirements.

7.3.5.1 Open-Circuit Detection

The TPS92613-Q1 device has LED open-circuit detection. The LED open-circuit detection monitors the output
voltage when the current output is enabled. The LED open-circuit detection is only enabled when DIAGEN is
HIGH. A short-to-battery fault is also detected and recognized as an LED open-circuit fault.

The TPS92613-Q1 monitors dropout-voltage differences between the IN and OUT pins when PWM is HIGH. The
voltage difference V) — V(our) is compared with the internal reference voltage V open_th_faling) t0 detect an LED
open-circuit incident. If V) — Vour) falls below the Vopen i faiing) VOItage longer than the deglitch time of
topen_deg): the device asserts an open-circuit fault. Once an LED open-circuit failure is detected, the internal
constant-current sink pulls down the FAULT pin voltage. During the deglitch time period, if V() — V(our) rises
above V(open_tn_sising): the deglitch timer is reset.

The TPS92613-Q1 keeps the current output enabled to retry after LED open-circuit fault is detected if the PWM
input is HIGH; the device sources a small current lyeyy) from IN to OUT when PWM input is LOW. In either
scenario, once the fault condition is removed, the device resumes normal operation and releases the FAULT pin.

7.3.5.2 Short-to-GND Detection

The TPS92613-Q1 device has LED short-to-GND detection. The LED short-to-GND detection monitors the
output voltage when the output current is enabled. Once a short-to-GND LED failure is detected, the device turns
off the output channel and retries automatically, regardless of the state of the PWM input. If the retry mechanism
detects the removal of the LED short-to-GND fault, the device resumes to normal operation.

The TPS92613-Q1 monitors the V(our voltage and compares it with the internal reference voltage to detect a
short-to-GND failure. If V(oyr) falls below V(sg 1 _taiing) longer than the deglitch time of tsg_geq), the device asserts
the short-to-GND fault and pulls low the FAULT pin. During the deglitching time period, If V(our) rises above
V(sG_th_rising), the timer is reset.

Once the TPS92613-Q1 has asserted a short-to-GND fault, the device turns off the output channel and retries
automatically with a small current. During retrying the device sources a small current | ey from IN to OUT to pull
up the LED loads continuously. Once auto-retry detects output voltage rising above V(sg i faling), it Clears the
short-to-GND fault and resumes to normal operation.

12 MRAX © 2019-2020, Texas Instruments Incorporated
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Feature Description (3T )
7.3.5.3 Overtemperature Protection

The TPS92613-Q1 device monitors device junction temperature. When the junction temperature reaches thermal
shutdown threshold Trgp), the output shuts down. Once the junction temperature falls below Trsp) — Trsp_tys),
the device recovers to normal operation. During overtemperature protection, the FAULT pin is pulled low.

7.3.5.4 DIAGEN

The TPS92613-Q1 device supports the DIAGEN pin with an accurate threshold to disable the LED open-circuit
diagnostic functions. The DIAGEN pin can be used to enable or disable LED open-circuit protection based on
SUPPLY pin voltage sensed by an external resistor divider. When the voltage applied on DIAGEN pin is higher
than the threshold Viypiacen), the device enables LED open-circuit diagnosis. When V pjagen is lower than the
threshold V piacen), the device disables LED-open-circuit detection.

Only LED open-circuit detection can be disabled by pulling down the DIAGEN pin. The LED short-to-GND
detection and overtemperature protection cannot be turned off by pulling down the DIAGEN pin.

7.3.5.5 Low-Dropout Operation

When the supply voltage drops below LED string total forward voltage plus V(propour) at required current, the
TPS92613-Q1 device operates in low-dropout conditions to deliver current output as close as possible to target
value. The actual current output is less than preset value due to insufficient headroom voltage for power
transistor. As a result, the voltage across the sense resistor fails to reach the regulation target.

If the TPS92613-Q1 is designed to operate in low-dropout condition, and the open-circuit diagnostics must be
disabled by pulling the DIAGEN pin voltage lower than_V, piacen). Otherwise, the TPS92613-Q1 detects an
open-circuit fault and reports a fault indication on the FAULT pin. The DIAGEN pin is used to avoid false
diagnostics due to low supply voltage.

In low-dropout operation, a diode in parallel with the sense resistor is recommended to clamp the voltage
between SUPPLY and IN (across the sense resistor) in case of a large current pulse during recovery.

7.3.6 FAULT Bus Output With One-Fails—-All-Fail

During normal operation, The FAULT pin of TPS92613-Q1 is weakly pulled up by an internal pullup current
source, leauLt pullup) higher than Veoyeauin. If any fault scenario occurs, the FAULT pin is strongly pulled low by
the internal pulldown current sink, leauLt pulidown) t0 report out the fault alarm.

Meanwhile, the TPS92613-Q1 also monitors the FAULT pin voltage internally. If the FAULT pin of the
TPS92613-Q1 is pulled low by external current sink below V, gaucm), the current output is turned off even though
there is no fault detected on owned output. The device does not resume to normal operation until the FAULT pin
voltage rises above VyeauLt):

4.5 - 40V
TPSQ2G/: 3-Qt Cisuppiy U Cisupoi,
SUPPLY l SUPPLY i
DIAGEN
DIAGEN IN DIAGEN IN
PWM out PWM out
FAULT GND FAULT GND

Cioum

FAULT

BUS

22. Typical Application Schematic for One-Fails-All-Fail
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Feature Description (3T )

Based on this feature, the TPS92613-Q1 device is able to construct a FAULT bus by tying FAULT pins from
multiple TPS9261x-Q1, TPS9263x-Q1 or TPS92830-Q1 devices to realize one-fails-all-fail function as 22
showing. The right side TPS92613-Q1 (B) detects either LED open-circuit fault or LED short-to-GND fault and
pulls low the FAULT pin. The low voltage on FAULT pin is detected by left side TPS92613-Q1 (A) because the
FAULT pins are connected of two devices. The left TPS92613-Q1 (A) turns off the output current as a result.

If the FAULT pin is externally pulled up with a current larger than ligauct puidown): the one-fails—all-fail function is
disabled and only the faulty channel is turned off.

The FAULT bus is able to support up to 15 pieces of TPS9261x-Q1, TPS9263x-Q1, or TPS92830-Q1 devices.

7.3.7 Fault Table

3 1. Fault Table With DIAGEN = HIGH

FAULT BUS DETECTION | CURRENT | DEGLITCH FAULT HANDLING FAULT
STATUS SR MECHANISM | OUTPUT TIME FALET B ROUTINE RECOVERY
Device works normally
with FAULT pin pulled
Open-circuit or Van = Vioun < Constant- low. Device sources
short-to-supply v / On t(OPEN_deg) current lretry) CUITENt when' Auto recovery
(OPEN_th_falling) pulldown PWM is LOW. Device
keeps output normal
FAULT floating when PWM is HIGH.
or externally Device turns output off
pulled up Vioun < Constant- and retries with
O ouT
Short-to-ground V(s6.th faling) On t(sG_deg) cﬂlrlrdeg\}v ] constant current ). Auto recovery
P ignoring the PWM input.
Constant-
Overtemperature | Ty > T(tsp) On or off trsp_deg) current Device turns output off. | Auto recovery
pulldown
Externally Device turns output off
pulled low
# 2. Fault Table With DIAGEN = LOW
FAULT BUS DETECTION | CURRENT | DEGLITCH FAULT HANDLING FAULT
STATUS FASEINS MECHANISM | OUTPUT TIME AL B ROUTINE RECOVERY
Open-circuit or lanored
short-to-supply 9
Device turns output off
FAULT floating | g to.ground | VouT < Oon t g&?:ﬁ:nt- and retries with Auto recover
or externally 9 V(sG._th_falling) (SG_deg) ulldown constant current lgegy), y
pulled up P ignoring the PWM input.
Constant-
Overtemperature | T3> T(rsp) Onoroff | trsp_deg) current Device turns output off. | Auto recovery
pulldown
Externally Device turns output off
pulled low
14 MRAX © 2019-2020, Texas Instruments Incorporated
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7.4 Device Functional Modes

7.4.1 Undervoltage Lockout, V(syppLy) < V(poR rising)

When the device is in undervoltage lockout status, the TPS92613-Q1 device disables all functions until the
supply rises above the V(por ising) threshold.

7.4.2 Normal Operation V(gyppLy) 2 4.5V

The device drives an LED string in normal operation. With enough voltage drop across SUPPLY and OUT, the
device is able to drive the output in constant-current mode.

7.4.3 Low-Voltage Dropout Operation

When the device drives an LED string in low-dropout operation, if the voltage drop is less than the open-circuit
detection threshold, the device may report a false open-circuit fault. TI recommends only enabling the open-
circuit detection when SUPPLY voltage is enough higher than LED string voltage to avoid a false open-circuit
detection.

7.4.4 Fault Mode

When the device detects an open circuit or a shorted LED, the device tries to pull down the FAULT pin with a
constant current. If the FAULT bus is pulled down, the device switches to fault mode and consumes a fault
current of ligauL)-
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8 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

In automotive lighting applications, thermal performance and LED diagnostics are always design challenges for
linear LED drivers.

The TPS92613-Q1 device is capable of detecting LED open-circuit and LED short-circuits. To increase current-
driving capability, the TPS92613-Q1 device supports using an external parallel resistor to help dissipate heat as
following section Single-Channel LED Driver With Heat Sharing describes. This method provides a low-cost
solution of using external resistors to minimize thermal accumulation on the device itself due to large voltage
difference between input voltage and LED string forward voltage, while still keeping high accuracy of the total
current output. Note that the one-fails—all-fail feature is not supported by this topology.

8.2 Typical Applications

8.2.1 Single-Channel LED Driver With Diagnostics
The TPS92613-Q1 is an easy-to-use solution for LED driver applications with diagnostics requirements.

9-16V
TPS92613 - Q1 Clomeiy,
SUPPLY ]
R: Risns)
DIAGEN
DIAGEN IN
Ri PWM
PWM OUT [
FAULT

Cioum

4[|] FAULT GND

23. Typical Application Diagram

e W Wa

8.2.1.1 Design Requirements

Input voltage range is from 9 V to 16 V, LED maximum forward voltage Vg yax = 2.5 V, minimum forward voltage
Ve win = 1.9V, current I gpy = 250 mA. PWM input is adopted for LED brightness adjust and LED ON/OFF
control.

8.2.1.2 Detailed Design Procedure

STEP 1: Determine the current setting resistor, Rsys) value by using 2 2.

V
R(SNS) = w =0.3920
(LED)
where
*  V(cs_rec) = 98 mV (typical.)
° I(LED) =250 mA (2)
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Typical Applications (T R)

STEP 2: Design the threshold voltage for SUPPLY to enable the LED open-circuit diagnostics and calculate the
resistor divider value.

LED-string maximum forward voltage = 3 x 2.5 V = 7.5 V. To avoid the open-circuit fault reported in low-dropout
operation conditions, additional headroom between SUPPLY and OUT needs to be considered. The TPS92613-
Q1 device must disable open-circuit detection when the supply voltage is below LED-string maximum forward
voltage plus maximum V open_th_risingy @Nd maximum Vcs reg). The voltage divider resistor, R, and R, value can
be calculated by A3 3.

V(OPEN_th_rising) +Vics Req) * V(OUT)) xRy
ViL(piaGeN) = R, +R
2

where
* Vi piacen) = 1.045 V (minimum)
* V(opEN th rising) = 335 mV (maximum)
*  V(cs resy = 102.5 mV (maximum)
« R; =10 kQ recommended 3

The calculated result for R, is 65.7 kQ when V(oyr) maximum voltage is 7.5 V.
STEP 3: Thermal analysis for the worst application conditions.

Normally the thermal analysis is necessary for linear LED-driver applications to ensure that the operation junction
temperature of TPS92613-Q1 is well managed. The total power consumption on the TPS92613-Q1 itself is one
important factor determining operation junction temperature, and it can be calculated by using 23 4. Based on
the worst-case analysis for maximum power consumption on device, consider either optimizing PCB layout for
better power dissipation as Layout describes or adding an extra heat-sharing resistor as described in Single-
Channel LED Driver With Heat Sharing.

Poev) = (V(suppw) ~Vics_Rrea) ~ V(OUT)) *lLep) *+ V(suppLy) *lquiescent)
Poev_wmax) = (16—3x1.9-0.098)x0.25 +16x0.00025 = 2.55W

where
* V(s rec) = 98 mV (typical)
lQuiescenty = 250 WA (maximum) 4

In this application, the calculated result for maximum power consumption on the TPS92613-Q1 is 2.55 W at
V(SUPPLY) =16V and I(LED) =250 mA ConditionS.

Tl recommends to add capacitors Csyppry) at SUPPLY and Cyryat OUT. Tl recommends one 1-uF capacitor
plus one 100-nF decoupling ceramic capacitor close to the SUPPLY pin for CsyppLy) @and a 10-nF ceramic
capacitor close to the OUT pin for Coyr). The larger capacitor for CsyppLy) 0 Ciour is helpful for EMI and ESD
immunity; however, large Coyr) takes a longer time to charge up the capacitor and may affect PWM dimming
performance.
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Typical Applications (T R)
8.2.1.3 Application Curves

Ch. 1= V(OUT) Ch.2= V(PWM) Ch. 4= I(OUT) Ch. 1= V(OUT) Ch.2= V(PWM) Ch. 4= I(OUT)

24. Output Current With PWM Input 25. Output Current With PWM Input

8.2.2 Single-Channel LED Driver With Heat Sharing

Using parallel resistors, thermal performance can be improved by balancing current between the TPS92613-Q1
device and the external resistors as follows. As the current-sense resistor controls the total LED string current,
the LED string current | gp) is set by V(cs reg) / Risns): While the TPS92613-Q1 current lpgrive) and parallel
resistor current | combine to the total current.

UL

|_

TPS92613 — Q1

C(suppLy)

&
AW

R4
DIAGEN

Risns)
loRivE)

DIAGEN IN

PWM OuT []

26. Supply Control With Heat Sharing Resistor

8.2.2.1 Design Requirements

Input voltage range is 9 V to 16 V, LED maximum forward voltage Ve yax= 2.5 V, minimum forward voltage
Ve win = 1.9V, current | gpy = 500 mA. And supply control is adopted for LED brightness adjust and LED
ON/OFF control. The high level of V(gyppLy) is 9 V to 16 V, and the low level of V(syppyy) is between 0 V to 3 V.

18 MRAX © 2019-2020, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps92613-q1?qgpn=tps92613-q1
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS92613-Q1

www.ti.com.cn ZHCSJIM3B —APRIL 2019—-REVISED JANUARY 2020

Typical Applications (T R)
8.2.2.2 Detailed Design Procedure

Note that the parallel resistor path cannot be shut down by PWM or fault protection. If PWM control is required,
TI recommends an application circuit as described in § 27.

In linear LED driver applications, the large input voltage variation generates the most of the thermal concerns.
The resistor current, as indicated by Ohm's law, depends on the voltage across the external resistors. The
TPS92613-Q1 controls the driver current Ipgg to attain the desired total current. If Iy increases, the
TPS92613-Q1 device decreases |prjve) to compensate, and vice versa.

While in low-dropout operation, the voltage across the R resistor may be close to zero, so that almost no
current can flow through the external resistor Rp).

When the input voltage is high, the parallel-resistor current I, is proportional to the voltage across the parallel
resistor Ripy. The parallel resistor R takes the majority of the total string current, generating maximum heat.

In this case, the parallel resistor value must be carefully calculated to ensure that 1) enough output current is
achieved in low-dropout operation, 2) thermal dissipation for both the TPS92613-Q1 device and the resistor is
within their thermal dissipation limits, and 3) device current in the high-voltage mode is above the minimal output-
current requirement.

STEP 1: Determine the current setting resistor, Rsys) value by using 2= 5.

V
R(SNS) = w =0.196Q
(LED)
where
* V(s rec) = 98 mV (typical)
A I(LED) =500 mA (5)

The calculated result for Rigyg) is 0.196 Q.
STEP 2: Calculate the parallel resistor, Rp) value by using 2 6.

The parallel resistor Rp) is recommended to consume 50% of the total current at maximum supply voltage.
VisuppLy) ~ Vics_rea) ~Viour) _16-0.098-3x1.9

Rep) = ~ 400
0.5 xlLep) 0.5x0.5
where
* V(CS_REG) =98 mV (typical)
o I(LED) =500 mA (6)

The calculated result for Rpy is about 40 Q at V(syppLy) = 16 V.

STEP 3: Design the threshold voltage for SUPPLY to enable the LED open-circuit diagnostics and calculate
voltage divider resistor value for R; and R,.

LED-string maximum forward voltage = 3 x 2.5V = 7.5 V. To avoid the open-circuit fault reported in low-dropout
operation conditions, additional headroom between SUPPLY and OUT needs to be considered. The TPS92613-
Q1 device must disable open-circuit detection when the supply voltage is below LED-string maximum forward
voltage plus maximum V(open_th_sisingy @nd maximum Vcs reg). The voltage divider resistor, R, and R, value can
be calculated by A 7.

v ~ (Viopen_tn_rising) * Vics_Req) + V(OUT)) xRy
IL(DIAGEN) = R+ R,

where
* Viypiacen) = 1.045 V (minimum)
* V(oPEN_th rising) = 335 MV (maximum)
* V(s res) = 102.5 mV (maximum)
e R; =10 kQ recommended )
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Typical Applications (T R)
The calculated result for R; is 65.7 kQ when Voyr) maximum voltage is 7.5 V.

STEP 4: Design the threshold voltage for PWM to enable current output and calculate voltage divider resistor
value for R; and Ry.

Because the supply control is adopted for the LED ON/OFF and brightness control, a pulse square voltage with
power capability is applied on the SUPPLY pin to enable and disable current output to OUT. In order to ensure
the current output of TPS92613-Q1 is fully enabled when applied voltage on SUPPLY pin is high enough and the
current output is truly shutdown when the applied voltage goes low. A voltage divider from supply to control PWM
needs to be designed to setup a threshold of supply voltage. The resistor R; and R, of voltage divider can be
calculated by A3 8.

v (SUPPLY) Rs
ViLewm) = T Ry+R,

where
* Vigpww = 1.24 V (maximum)
*  R3=10kQ recommended 8)

The calculated result for R, is 30.5 kQ if LED must be turned on when V(syppy) Voltage is higher than 5 V.

STEP 5: Thermal analysis for the worst application conditions.

The total device power consumption can be calculated by 243 9.

VisuppLy) ~ Vics_Rrea) ~ Y(ou)
Re)

Poev) = (V(SUPPLY) ~Vics_req) ~ V(OUT)) X [I(LED) - J +V(suppLy) *|quiescent)

16-0.098-3x1.9

P(DEV_MAX) = (1 6-0.098 -3 x1 .9) X (0.5 - j+ 16x0.00025 = 2.50W

40
where
* V(s rec) = 98 mV (typical)
* I(Quies.cent) =250 pA (maximum) ©)

The calculated maximum power consumption on the TPS61193-Q1 is 2.5 W at V(gyppy) = 16 V, V(oury =3 x 1.9
V=57V and l(LED) =500 mA.

The power consumption on resistor Ry can be calculated through A= 10.

2
(V(SUPPLY) —Vics_Req) ~ V(OUT))

il Re)

o =(16—3x1.9—0.098)2=26w
(RP_MAX) 40 .

where

* V(s res) =98 mV (Typ.) (10)

The calculated maximum power consumption on the 40 Q, Ry parallel resistor is 2.6 W at V(syppLy) = 16 V and
Vioury)=3x19V=57V.

Tl recommends adding capacitors CsyppLyy at SUPPLY and Cgynat OUT. One 1-uF capacitor plus one 100-nF
decoupling ceramic capacitor close to the SUPPLY pin is recommended for CsyppLy), and a 10-nF ceramic
capacitor close to the OUT pin is recommended for Coyr). The larger capacitor for CsyppLyy Or Cour is helpful
for EMI and ESD immunity, however large Coyr) takes a longer time to charge up the capacitor and could affect
PWM dimming performance.
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Typical Applications (T R)

916V
TPS92613 — Q1 Cisurpiy
SUPPLY []
Ra
DIAGEN
DIAGEN
Ri PWM
PWM ouUT [J
M[lj FAULT GND [] Cooun
PWM PWM

27. PWM Control With Heat Sharing Resistor

For PWM control scenarios, a NPN bipolar transistor with a base current-limiting resistor, R5; can modulate the
output current together with the device PWM function as & 27. The resistor value of Rg needs to be calculated
based on the applied PWM voltage and B value of selected NPN transistor.
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Typical Applications (T R)
8.2.2.3 Application Curves

RLZ0.0M

Ch.3= |(p)
Duty Cycle = 5%

Ch. 1 =V(suppLy)
Ch. 4= I(LED)
V(suppLYHI) = 12V

Ch.2= V(OUT)
F(suppLy) = 200 Hz
V(suppLYLO) = 2.5V

28. Pulse Supply Control Output Current (D = 5%)

Ch.
Ch.

V(suppLYHI) = 12V

Ch.2= V(OUT)
F(suppLy) = 200 Hz

1 =V(suppLy)
4 =l ep) Duty Cycle = 30%

V(suppLyLO) = 2.5V
29. Pulse Supply Control Output Current (D = 30%)

S00ksis  20usipt

1acqs RLSOM

Ch.2= V(OUT) Ch.3= |(p)
V(suppLy) increases from 9 V to 16 V

Ch. 1 =V(suppLy)
Ch. 4= I(LED)

30. Constant Output Current With Supply Voltage
Increasing

Dropout Voltage (V)

700

600 _—
/|

500 —

400 // #

300 /

liour) setting = 500 mA -40°C
liouT) setting = 500 mA 25°C
liour) setting = 500 mA 125°C
I
I
I

200
Ny

0 0.5 1 1.5 2 25 3 3.5 4
Current Output (mA)

ouT) setting = 600 mA -40°C
ouT) setting = 600 mA 25°C
our) setting = 600 mA 125°C

31. Output Current vs Dropout Voltage

22
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9 Power Supply Recommendations

The TPS92613-Q1 is designed to operate from an automobile electrical power system within the range specified
in the Recommended Operating Conditions. The V(syppLy) input must be protected from reverse voltage and
voltage dump condition over 40 V. The impedance of the input supply rail must be low enough that the input
current transient does not cause drop below LED string required forward voltage. If the input supply is connected
with long wires, additional bulk capacitance may be required in addition to normal input capacitor.

10 Layout

10.1 Layout Guidelines

Thermal dissipation is the primary consideration for TPS92613-Q1 layout. Tl recommends large thermal
dissipation area connected to thermal pads with multiple thermal vias.

10.2 Layout Example

GND
OO ofe OO
OO ofe OO
OO OO
o0 © O oNe) oNe)
OO OO
oo?too ofe; OO
OO OO OO |e © O
oo?too
OO O O
¥
O O /* ONO) DIAGEN SUPPLY
OO O O
PWM §'N
FAULT
GND
ouT

32. TPS92613-Q1 Example Layout Diagram
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11.3 HZHFHRIE

Tl E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect TI's views; see TI's Terms of Use.

11.4 Tt

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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11.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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’- PACKAGE OPTION ADDENDUM

TEXAS
INSTRUMENTS

www.ti.com 10-Dec-2020

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ©) (415)
(6)
TPS92613QNDRRQ1 ACTIVE TO-263 NDR 7 1000 ROHS & Green SN Level-3-260C-168 HR ~ -40 to 125 TPS92613Q

@ 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® 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 finish/Ball material - Orderable Devices 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.

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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INSTRUMENTS
www.ti.com 9-Aug-2022
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS92613QNDRRQ1 | TO-263 | NDR 7 1000 330.0 24.4 106 | 154 | 245 | 12.0 | 24.0 Q2
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i3 TExAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www.ti.com 9-Aug-2022

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS92613QNDRRQ1 TO-263 NDR 7 1000 367.0 367.0 45.0
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‘ PACKAGE OUTLINE

NDROOO7A TO-263 - 2.25 mm max height
TO-263
10.1
0.735 A I
"X 0.635 4] 9.6 8]
|4 [0.2500 [c|A[B] PIN 11ID— |
1
-—-BE-—-—+
o L 1
L 1
[7.62] [ o1t
L 1
S =ttt
—-BE—-—+
=
6X ; .
14.36
13.66
‘ 12.45
11.95
RO.7 ‘ 10.76 i 21
MAX TYP | 10.26 1.9
0.508 ‘
™ 0.381 L L 1
{ + \ /7 0.15
ﬁ 7 L 1.05
o o 0-0.15 \-/4/
06 sranS s ALL AROUND 0.95
NOTE 5 7.1
6.5
6.11
5.85

EXPOSED PAD
p N (OUTLINE DOES NOT

INCLUDE MOLD FLASH)
] —
| /
- 2188
5.40 39 63
-
. J
J 1.05
0.65
— (2.66) 02
: 4219872/A 04/2019

NOTES:

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

2. This drawing is subject to change without notice.

3. Features may not exist and shape may vary per different assembly sites.

4. Reference JEDEC registration TO-279B.

5. Under all conditions, leads must not be above Datum C

INSTRUMENTS
www.ti.com



EXAMPLE BOARD LAYOUT
NDROOO7A TO-263 - 2.25 mm max height

TO-263

ﬂ 7X (2.41)

|
1
ot ! 7X (0.91) (6.35)
6X (1.27) | f ‘ l
_ + S
! I
| |
‘ ‘ 8 SYMM
(7.62) —f—ﬁ—w—f—f—f—f—f—ﬂ—+ -— -t (5.59)
\ .
| | |
| |
| |
| | |
| # |
! |
_ _ : ‘ |
7 ‘T o
| ‘ |
Li (8.28) ‘ (0.91)
PKG
¢
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
EXPOSED e \
METAL /}/, |
EXPOSED 1 ‘
/ METAL A4 \L/
SOLDER MASK METAL SOLDER MASK
OPENING METAL UNDER OPENING
SOLDER MASK
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4219872/A 04/2019

NOTES: (continued)

6. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature numbers
SLMAQ002(www.ti.com/lit/sim002) and SLMA004 (www.ti.com/lit/'sima004).
7. Vias are optional depending on application, refer to device data sheet. It is recommended that vias under paste be filled, plugged or tented.

INSTRUMENTS
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EXAMPLE STENCIL DESIGN

f

NDROOO7A TO-263 - 2.25 mm max height
TO-263
7X (2.41) — 7X (0.91)
|
g i T (12) TYP (0.29) Top_SED METAL
‘ T
oxit2n ] 0
_ (1.33) TYP ! I E—| < R(0.05) TYP
* T 1L { NN ‘ | | |
| wnl 4
| I [ T
by 1 ess (LI UL I Jle sy
|
| : 1
; 20X (1.13)
\
e
|

|
!
|
\
I
[
\
|
[
=\J 0.91

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

64% PRINTED SOLDER COVERAGE BY AREA
SCALE:7X

4219872/A 04/2019

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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