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LP2989 Micropower and Low-Noise, 500-mA Ultra Low-Dropout Regulator for Use With

Ceramic Output Capacitors

1 Features

2.1-V to 16-V Input Voltage Range
2.5-V to 5-V Fixed Output Voltage Options

Ultra-Low Dropout Voltage

500-mA Continuous Output Current

Very Low Output Noise With External Capacitor
< 0.8-pA Quiescent Current When Shutdown

Low Ground Pin Current at All Loads
0.75% Output Voltage Accuracy (A Grade)
High Peak Current Capability (800-mA typical)

Overtemperature and Overcurrent Protection
—-40°C to 125°C Junction Temperature Range

Applications

Notebooks and Desktop PCs
PDAs and Palmtop Computers
Wireless Communication Pins
SMPS Post-Regulators

3

Description

The LP2989 is a fixed-output 500-mA precision LDO
regulator designed for use with ceramic output
capacitors.

Output noise can be reduced to 18 pV (typical) by
connecting an external 10-nF capacitor to the bypass

pin.
Using an optimized Vertically Integrated PNP (VIP)

process, the LP2989 delivers superior performance:

Dropout Voltage: Typically 310 mV at 500-mA
load, and 1 mV at 100-pA load.

Ground Pin Current: Typically 3 mA at 500-mA
load, and 110 pA at 100-pA load.

Sleep Mode: The LP2989 draws less than 0.8-pA
quiescent current when SHUTDOWN pin is pulled
low.

Error Flag: The built-in error flag goes low when
the output drops approximately 5% below
nominal.

Precision Output: Output voltage accuracy is
0.75% (A grade) and 1.25% (standard grade) at
room temperature.

For output voltages < 2 V, see LP2989LV (SNVS086)
data sheet.

Device Information®

PART NUMBER | PACKAGE BODY SIZE (NOM)
WSON (8) 4.00 mm x 4.00 mm

LP2989 SOIC (8) 4.90 mm x 3.91 mm
VSSOP (8) 3.00 mm x 3.00 mm

(1) For all available

Typical Application

packages, see the orderable addendum at
the end of the datasheet.
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*Capacitance values shown are minimum required to assure stability, but may be increased without limit. Larger
output capacitor provides improved dynamic response. See the Output Capacitor section.

*Shutdown must be actively terminated (see the Shutdown Input Operation section). Tie to IN (pin 4) if not use.

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Revision History

Changes from Revision N (December 2014) to Revision O

L 1 g F= g T T=To B 10 Y (o T G PP PP PP PR OUPR PRI
e Deleted trademark symbol from VIP which is no longer trademarked
« Changed pin names to Tl nomenclature; references to National to TI; add notes to Typical Application on first page;

fix errors in EC table reformat; replace Handling Ratings with ESD Ratings; take out Output Voltage Options and

add graphic to Mechanical section; changed LLP package name references to WSON; added overbar to

SHUTDOWN pin references; fix ulink for LP2989LYV refErENCES. .....ooiiiiiiiiii ettt e e e e eeaeeea s 1
« Changed description of N/C pin; add description of Thermal Pad; change "Ground" to "Thermal Pad" for NGN

[0 2=\ oo O TSP T PP PRPPPPN 3
e Changed reference to National to Tl
* Deleted "Operating" row from Input supply voltage; thermal values from footnote 2 ...........cccooviiiiiiiiee e
e Changed 1.6 t0 16 in ROC iNPUL SUPPIY VOITAGE ....eeiuviiiiiiieiiiee ittt ettt e et sbb e e bt e et e e nnneeenenee s 5
LI Yo (o (=0 RN o B O ] PP U PP PPPRPPPPPRRIN 6
LI @1 g F=TgTo T=To I o o R (o TR (01T UPRPPPRPTR 14
¢ Changed wording of "Operation with Shutdown Control" SUDSECHON ..........coiiiiiiiiiiiiie e 15
e Changed Vgporr 0 Vsp
¢ Changed "guaranteed” to "ensured” iN "CAUTION. ... ..o e e st e s ar e e s e e nnr e e nne e e 15
LI O 0= g Lo [= o I S e (o I OO PP PP TP UPP SRR 15
* Changed wording of last sentence of introductory Detailed Design Procedure paragraph ..........ccccccvviiieeiiniiieeeiiniineeen.
e Changed words "size" and "amount” for Capacitors 10 "VAIUB" ...........ociviiiiiiiiiiie e
« Changed wording of first sentence, second paragraph of Noise Bypass Capacitor subsection ....
e Added DOCUMENLAtION SUPPOIT SECHION .....eiiiiitiiiee ittt ettt ettt e et e e e et b et e e e e s bb e e e e e e nbb e e e e e aanbb e e e e e aabbbeeeeaannbeeeeeaannreeeas
Changes from Revision M (February 2005) to Revision N Page

Added Handling Rating table, Feature Description section, Device Functional Modes, Application and

Implementation section, Power Supply Recommendations section, Layout section, Device and Documentation

Support section, and Mechanical, Packaging, and Orderable Information section; add updated Thermal Information
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5 Pin Configuration and Functions

D/DGK Packages
8-Pin SOIC and VSSOP

NGN Package

TOp View 8-Lead WSON
Top View
_/ _
BYPASS —{ 1 8 |— SHUTDOWN r
N/c— 2 7 |- ERRoR BYPASS| (777 1 8.1 |snuTpown
L » -8
GROUND — 3 6 |~ SENSE —— 3 —-
nel T271 0 3 P71
N 4 [ 2. i g i--f_i | ERROR
o
GROUND| 73711 & 76 1 | sense
lmmmmd 1 lmmm-d
(]
| a 5.1 [our
Pin Functions
PIN
/0 DESCRIPTION
NAME NO.
BYPASS 1 | Bypass capacitor input
ERROR 7 o Error signal output
GROUND 3 — GND
INPUT 4 | Regulator power input
DO NOT CONNECT. Device pin 2 is reserved for post packaging test and calibration of the
LP2989 Vot accuracy. Device pin 2 must be left floating. Do not connect to any potential.
N/C 5 . Do not connect to ground. Any attempt to do pin continuity testing on device pin 2 is
discouraged. Continuity test results will be variable depending on the actions of the factory
calibration. Aggressive pin continuity testing (high voltage, or high current) on device pin 2
may activate the trim circuitry forcing Voyt to move out of tolerance.
OUTPUT (0] Regulated output voltage
SENSE | Feedback voltage sense input
SHUTDOWN I Shutdown input
The exposed thermal pad on the bottom of the WSON package should be connected to a
copper thermal pad on the PCB under the package. The use of thermal vias to remove heat
from the package into the PCB is recommended. Connect the thermal pad to ground
Thermal Pad — — potential or leave floating. Do not connect the thermal pad to any potential other than the
same ground potential seen at device pin 3. For additional information on using TI's Non Pull
Back WSON package, see Application Note AN-1187 Leadless Leadframe Package (LLP)
(SNOA401).
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6 Specifications

6.1 Absolute Maximum Ratings

If Military/Aerospace specified devices are required contact the Texas Instruments Sales Office/Distributors for availability and
specifications.®

MIN MAX UNIT

Operating junction temperature -40 125 °C

Power dissipation @ Internally Limited

Input supply voltage ‘ Survival -0.3 16 \%
SENSE pin -0.3 6 \Y
Output voltage ‘ Survival® -0.3 16 v
louT (Survival) Short-circuit protected
Input-output voltage ‘ Survival® -0.3 16 v

Storage temperature range, Ty —65 150 °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.

(2) The maximum allowable power dissipation is a function of the maximum junction temperature, Tyuax), the junction-to-ambient thermal
resistance, Rgja, and the ambient temperature, To. The maximum allowable power dissipation at any ambient temperature is calculated
using: Pawax) = (Taomax) — Ta) / Rega. The value Rgja for the WSON (NGN) package is specifically dependent on PCB trace area, trace
material, and the number of layers and thermal vias. For improved thermal resistance and power dissipation for the WSON package,
refer to Application Note AN-1187 Leadless Leadframe Package (LLP) (SNOA401).. Exceeding the maximum allowable power
dissipation will cause excessive die temperature, and the regulator will go into thermal shutdown.

(3) If used in a dual-supply system where the regulator load is returned to a negative supply, the LP2989 output must be diode-clamped to
ground.

(4) The output PNP structure contains a diode between the IN and OUT pins that is normally reverse-biased. Forcing the output above the

input will turn on this diode and may induce a latch-up mode which can damage the part.

6.2 ESD Ratings

VALUE UNIT
Vespy  Electrostatic discharge Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000 Y
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions

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

MIN MAX UNIT
Operating junction temperature —-40 125 °C
Operating input supply voltage 2.1 16 \Y,
6.4 Thermal Information
LP2989
THERMAL METRIC® WSON (NGN) SOIC (D) VSSOP (DGK) UNIT
8 PINS 8 PINS 8 PINS

Rgia Junction-to-ambient thermal resistance, High-K 34.8 114.5 156.5
Raic(top) Junction-to-case (top) thermal resistance 28.4 61.1 51.0
Rgig Junction-to-board thermal resistance 12.0 55.6 76.5 .
Wit Junction-to-top characterization parameter 0.2 9.7 4.9 cw
Wig Junction-to-board characterization parameter 12.2 54.9 75.2
Raic(bot) Junction-to-case (bottom) thermal resistance 1.3 n/a n/a

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

6.5 Electrical Characteristics
Unless otherwise specified: T; = 25°C, Viy = Vournom + 1V, lour = 1 MA, Coyr = 4.7 uF, Cy = 2.2 uF, Vgp = 2 V.

LP2989AI-X.X™ LP2989I-X.X ™
PARAMETER TEST CONDITIONS UNIT
MIN TYP  MAX MIN TYP  MAX
-0.75 0.75| -1.25 1.25
1 mA < loyt <500 mA,
VOUT(NOM) +1Vs VIN <16 -1.5 1.5 -2.5 2.5
\Y
V, Output voltage tolerance | 1 MA <loyr <500 mA, %V,
out P 9 Vourivom * 1V S Vi < 16 -4 2.5 -5 35| oM
V, —40°C £ T; < 125°C
1 mA < lgyt <500 mA,
VOUT(NOM) +1Vs VIN <16 -3.5 2.5 -4.5 3.5
V, =25°C < T; < 125°C
utout voltage voutow * 1 V= Vin = 16 0005 0014 0005 0014
utput voltage line
AVout/AV, ) %IV
T regulation Voutinom) * 1V S Viy < 16 0005  0.032 0.005  0.032
V, —40°C £ T; < 125°C : . : :
AVOUT/AIOUT Load regulation 1 mA < lgyt <500 mA 0.4 0.4 %VNoMm
lout = 100 pA 1 3 1 3
lout = 100 PA, —40°C < T, < mv
O 1 4 1 4
louT = 200 MA 150 200 150 200
Vin =V, Dropout voltage @ - o mv
IN— VouT p g lout 0200 mA, —-40°C < T, 150 300 150 300
<125°C
lout = 500 MA 310 425 310 425
lout =500 MA, -40°C =T, mV
oo 310 650 310 650

(1) Limits are 100% production tested at 25°C. Limits over the operating temperature range are specified through correlation using
Statistical Quality Control (SQC) methods. The limits are used to calculate TI's Average Outgoing Quality Level (AOQL).
(2) Dropout voltage is defined as the input to output differential at which the output voltage drops 100 mV below the value measured with a

1-V differential.
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Electrical Characteristics (continued)

Unless otherwise specified: T; = 25°C, Viy = Vourmnom) + 1V, lour = 1 MA, Coyr = 4.7 PF, Cy = 2.2 uF, Vgp = 2 V.

LP2989AI-X. XD LP29891-X.X 1
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
lout = 100 pA 110 175 110 175
lout = 100 A, —40°C < Ty < pA
125°C 110 200 110 200
IOUT= 200 mA 1 2 1 2
= o mA
LOEESOCZ:OO mA, —40°C < T; 1 35 1 35
| Ground pin current —~
GNP P louT = 500 MA 3 6 3 6
lout = 500 MA, —40°C < T, mA
<125°C 3 9 3 9
\l/ggfco.ls V, —40°C < T; < 05 ) 05 )
HA
Vgp <04V 0.05 0.8 0.05 0.8
louT(Pk) Peak output current Vout 2 Voutnowm) ~ 5% 600 800 600 800 mA
louT(MAX) Short circuit current RL = 0 (Steady State)® 1000 1000 mA
Output noise voltage BW = 100 Hz to 100 kHz,
en (RMS) Cour = 10 pF, Cgypass = 18 18 HV(rms)
.01 lJF, VOUT =25V
AVoyut/AVy  Ripple Rejection f=1kHz, Coyt = 10 pF 60 60 dB
Output voltage (@) o ° °
AVoyt/ATp temperature coefficient See'™, —40°C = T; = 125°C 20 20 ppm/°C
SHUTDOWN INPUT
Vy = Output ON 1.4 1.4
Vy = Output ON, —40°C < T;
— <125°C 16 16
Vsp SD Input voltage \%
V, = Output OFF 0.5 0.5
V| = Output OFF, Iy £ 2 YA,
Z40°C =T, < 125°C 0.18 0.18
Vsp=0 0.001 0.001
Vsp=0,—40°C<T,< 1 1
Iso SD Input t 1257C A
nput curren
SD p Vap =5V 5 5 [
Vep =5V, -40°C < T; <
125°C 15 15
ERROR COMPARATOR
Vo =16V 0.001 1 0.001 1
| Output “HIGH” leakage = o A
OH p g VoH° 16 V, —-40°C < T_'| < 0.001 2 0.001 2 W
125°C
Vin = Vout(nomy = 0.5V,
150 220 150 220
lout(comp) = 150 pA
VoL Output “LOW” voltage Vin = Voutvomy ~ 0.5V, mV
louT(comp) = 150 pA, —40°C 150 350 150 350
<T;=<125°C
v U threshold volt -6 -4.8 -35 -6 -4.8 -35 %V
er threshold voltage o
THRMAX) PP 9 [4o°c<T,<125°C 83 -48 -25| -83 -48 -25| o
-8.9 -6.6 -4.9 -8.9 -6.6 -4.9
VTHR(MIN) Lower threshold voltage
—40°C < T;<125°C -13 -6.6 -3 -13 -6.6 =3 | %Vour
HYST Hysteresis 2

(3) See the Typical Characteristics section.

(4) Temperature coefficient is defined as the maximum (worst-case) change divided by the total temperature range.
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6.6 Typical Characteristics

Ta = 25°C, Coyr = 4.7 WF, Cjy = 2.2 uF, SD is tied t0 Viy, Viy = Vournom* 1V, lour = 1 MA, Vour = 2.5 V (unless otherwise

specified)
3 500
450 /,/
2.5
400
R = 2.4k
2 § // 350 Pl
/ = ™~ 1L = 500mA
S / E 300 I
~ 1.5 g 250 IL = 250mA —
3 ~— _ 5 |t
= R =50 S 200
! 7 150 — 1 |
/ I = 50mA
05 / 100 —
j 50 L =0
0 0 e
o o5 1t 15 2 25 3 35 -50 -25 0 25 50 75 100 125 150
Viy (V) Temperature (°C)
Figure 1. Dropout Characteristics Figure 2. Dropout Voltage vs Temperature
400 3500
350 3000 \\
300 /
/ 2500
e~ / I = 500mA
£ /’ < 2000 N
~ 3
g 200 /l = \\
< o AN i
a c 1500 ~
- 150 = I =25
\ L= 0 mA
/ 1000 P
100 7 "\
/| L T
50 500 ||_ = 50 mA
= 0 T ——]
0 Lo %4 | |
0 [ 1 1
0 100 200 300 400 500

50 150 250 350 450

Load Current (mA)
Figure 3. Dropout Voltage vs Load Current

-50 -25 0 25 50 75 100 125 150

Temperature (°C)
Figure 4. GND Pin Current vs Temperature and Load

2200
2000 A
V

1800 /
1600 /
1400 /
1200 /
v
1000 A
/

800 //

600 v
/

400 L
200 /

0

GND Pin Current (uA)

0 100 200 300 400 500
50 150 250 350 450

Load Current (mA)
Figure 5. Ground Pin Current vs Load Current

3.5

3 \

2.5

lIN (mA)
P
t\

.1 /
/ “\RL=oo

Viy (V)
Figure 6. Input Current vs V|y
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Typical Characteristics (continued)

Ta = 25°C, Coyr = 4.7 WF, Cjy = 2.2 uF, SD is tied to Viy, Viy = Vournom* 1V, lour = 1 MA, Vour = 2.5 V (unless otherwise

specified)

60 —
R =500

50
40

30 /
20

10 I

hy (mA)

hy (mA)

600 —

R =50
500 4
400 /

300 //
200 /
100

0 ) 0 )
o 05 1 15 2 25 3 35 o 05 1 15 2 25 3 35
VIN ) VIN (v)
Figure 7. Input Current vs V|y Figure 8. Input Current vs V|y
| = 500mA +40
+6 Cour = 4.7 uF +20
" Coyp = 100F | Mour (mV)
+2 20 | I = 500mA
Mour (mV) Coyr = 4.7 uF
¥ -40 [ Cgyp = 0
-2 -60
AN -80
4.5 - 45 -F
VIN V) VIN (v)
3.5 —B== 3.5 —

50 ps/DIV —>
Figure 9. Line Transient Response

50 us/DIV —
Figure 10. Line Transient Response

L= imA |
+6 —+ _
6 Cour = 4.7 uF
+4 || Cayp = 10NF

+2
AV, (mV)
ouTt NOM

-2

|

—

5 -

4
Viy (V)
3.5

50 pus/DIV —>
Figure 11. Line Transient Response

L= 1mA |
+60 —+ _
60 Cour = 4.7 uF
+40 |— Cayp = 0
+20
AV, (mV) \
out NOM N
-20
45 -
Vin (V)
3.5 — =

50 pus/DIV —>
Figure 12. Line Transient Response
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Typical Characteristics (continued)

Ta = 25°C, Coyr = 4.7 WF, Cjy = 2.2 uF, SD is tied to Viy, Viy = Vournom* 1V, lour = 1 MA, Vour = 2.5 V (unless otherwise
specified)

T T T T
Cour = 4.7 uF Cour = 10 uF
+60 \ Cayp = 10nF +60 fCpyp = 10nF
+40 \ +40
AVyyr (mV) AVqyr (mV)
ouT +20 \ ouT +20 \
NOM NOM A
500 —[ 500 —[
I (mA) IL (mA)
0 = 0 — =
5ms/DIV — 5ms/DIV —
Figure 13. Load Transient Response Figure 14. Load Transient Response
950
900
=< 1.0 ‘\
=z 08 = 850 \\
Eé \\\ S
3 0.6 \:)
9 800
5 0.4 \
[a
5
3 0.2 750 S
O J—
700
-50-25 0 25 50 75 100 125 150
500 ms/DIV =
'— OUTPUT SHORT APPLIED TEMPERATURE (°C)
Figure 15. Short Circuit Current Figure 16. Short Circuit Current vs Temperature
T 1000
ViN =7V 900
S—
—
~ 10 800 <
S 700 \
Z 0.8 ~ 600 \
& < \
S 0.6 £ 500 \
(&] [&]
,_ _P 400
> 0.4 \
% 300 \
3 0.2 200 \
0— 100 \
0
0 0.5 1 1.5 2 2.5
500 ms/DIV =
'— QUTPUT SHORT APPLIED Vour (V)
Figure 17. Short Circuit Current Figure 18. Short Circuit Current vs Vout
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Typical Characteristics (continued)

Ta = 25°C, Coyr = 4.7 WF, Cjy = 2.2 uF, SD is tied to Viy, Viy = Vournom* 1V, lour = 1 MA, Vour = 2.5 V (unless otherwise

specified)
100 100
IL = 100 pA IL = 100 pA
Cavpass = 0 Caypass = 10nF
90 90
=™ =™
= =
s 80 s 80
= = A N
o o
£ 70 i £ 70 N J
a / = ‘Tﬂu/
= N 4 =
60 N 60 I
50 50 ”l
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Figure 19. Ripple Rejection Figure 20. Ripple Rejection
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Figure 21. Ripple Rejection Figure 22. Ripple Rejection
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Figure 23. Ripple Rejection Figure 24. Ripple Rejection
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Typical Characteristics (continued)

Ta = 25°C, Coyr = 4.7 WF, Cjy = 2.2 uF, SD is tied to Viy, Viy = Vournom* 1V, lour = 1 MA, Vour = 2.5 V (unless otherwise

specified)
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Figure 25. Ripple Rejection Figure 26. Ripple Rejection in Dropout
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Figure 27. Ripple Rejection vs Load Figure 28. Output Noise Density
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Figure 29. Output Noise Density Figure 30. Turn-ON Waveform
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Typical Characteristics (continued)

Ta = 25°C, Coyr = 4.7 WF, Cjy = 2.2 uF, SD is tied to Viy, Viy = Vournom* 1V, lour = 1 MA, Vour = 2.5 V (unless otherwise

specified)
R = 2.4k T,=125°€C]
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Figure 31. Turn-ON Waveform Figure 32. Turn-ON Waveform
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Figure 33. Turn-ON Waveform Figure 34. Ignp VS Shutdown
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Figure 35. Ignp VS Shutdown Figure 36. Ignp VS Shutdown
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Typical Characteristics (continued)

Ta = 25°C, Coyr = 4.7 WF, Cjy = 2.2 uF, SD is tied to Viy, Viy = Vournom* 1 V.

specified)

lout =1 MA, Vour = 2.5 V (unless otherwise
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Figure 37. Ignp VS Shutdown
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Figure 39. Typical Temperature vs Vgour (LP2989-2.5)
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7 Detailed Description

7.1 Overview

The LP2989 device is a very high-accuracy micro-power voltage regulator with low quiescent current (75 YA
typical) and low dropout voltage (typical 40 mV at light loads and 380 mV at 100 mA). It is ideally suited for use
in battery-powered systems. The LP2989 block diagram contains several features, including:

* Very high-accuracy 1.23-V reference

* Fixed 2.5-V to 5-V versions

e Shutdown input

» Error flag output

» Internal protection circuitry, such as foldback current limit, and thermal shutdown

7.2 Functional Block Diagram

SENSE BYPASS  IN ouT
® ®© ® ®
60mv — N/C
< T+ ¢ (Do not make
connections to
SHUTDOWN (®) LP2989 this pin).
+
1o —( ERROR
+
1.23 Vpgr ==
6ROUND O T

7.3 Feature Description

7.3.1 High-Accuracy Output Voltage

With special careful design to minimize all contributions to the output voltage error, the LP2989 distinguishes
itself as a very high output-voltage-accuracy micro-power LDO. This includes a tight initial tolerance (.75%
typical, A grade), extremely good line regulation (.005%/V typical), and a very low output-noise voltage (10 pyrus
typical), making the device an ideal a low-power voltage reference.

7.3.2 Sleep Mode

When pulling SHUTDOWN pin to low levels, the LP2989 enters shutdown mode, and a very low quiescent
current is consumed. This function is designed for applications which needs a shutdown mode to effectively
enhance battery life cycle.

7.3.3 Error Detection Comparator Output

The LP2989 will generate a logic low output whenever its output falls out of regulation by more than
approximately 5%. Refer to Application and Implementation for more details.
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Feature Description (continued)
7.3.4 Short Circuit Protection (Current Limit)

The internal current limit circuit is used to protect the LDO against high-load current faults or shorting events. The
LDO is not designed to operate in a steady-state current limit. During a current-limit event, the LDO sources
constant current. Therefore, the output voltage falls when load impedance decreases. Note also that if a current
limit occurs and the resulting output voltage is low, excessive power may be dissipated across the LDO, resulting
in a thermal shutdown of the output. A foldback feature limits the short-circuit current to protect the regulator from
damage under all load conditions. If OUT is forced below 0 V before EN goes high and the load current required
exceeds the foldback current limit, the device may not start correctly.

7.3.5 Thermal Protection

The device contains a thermal shutdown protection circuit to turn off the output current when excessive heat is
dissipated in the LDO. The thermal time-constant of the semiconductor die is fairly short, and thus the output
cycles on and off at a high rate when thermal shutdown is reached until the power dissipation is reduced. The
internal protection circuitry of the device is designed to protect against thermal overload conditions. The circuitry
is not intended to replace proper heat sinking. Continuously running the device into thermal shutdown degrades
its reliability.

7.4 Device Functional Modes

7.4.1 Operation With 16 V 2 V| > Voyrrarcen) + 1V

The device operates if the input voltage is equal to, or exceeds Voyrrarger) + 1 V. At input voltages below the
minimum V,y requirement, the devices does not operate correctly, and output voltage may not reach target value.
7.4.2 Operation with Shutdown Control

If the voltage on the SHUTDOWN pin is less than 0.18 V, the output is ensured to be OFF. When the voltage on
the SHUTDOWN pin is more than 1.6 V the output is ensured to be ON. Operating with the SHUTDOWN pin
voltage between 0.18 V and 1.6 V is strongly discouraged as the status of the output is not ensured.

7.4.3 Shutdown Input Operation

The LP2989 is shut off by driving the SHUTDOWN pin low, and turned on by pulling it high. If this feature is not
to be used, the SHUTDOWN should be tied to V,\ to keep the regulator output on at all times.

To assure proper operation, the signal source used to drive the Shutdown input must be able to swing above and
below the specified turn-on/turn-off voltage thresholds listed in the Electrical Characteristics section under Vgp.

To prevent mis-operation, the turn-on (and turn-off) voltage signals applied to the Shutdown input must have a
slew rate which is = 40 mV/ps.

CAUTION

The regulator output voltage cannot be ensured if a slow-moving AC (or DC) signal is
applied that is in the range between the specified turn-on and turn-off voltages listed
under the electrical specification Vgp (see the Electrical Characteristics table).
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8 Application and Implementation

NOTE
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

The LP2989 is a linear voltage regulator operating from 2.1 V to 16 V on the input and regulates voltages
between 2.5 V to 5 V with 0.75% accuracy and 500 mA maximum outputs current. Efficiency is defined by the
ratio of output voltage to input voltage because the LP2989 is a linear voltage regulator. To achieve high
efficiency, the dropout voltage (V| — Vout) Must be as small as possible, thus requiring a very low dropout LDO.
Successfully implementing an LDO in an application depends on the application requirements. If the
requirements are simply input voltage and output voltage, compliance specifications (such as internal power
dissipation or stability) must be verified to ensure a solid design. If timing, start-up, noise, PSRR, or any other
transient specification is required, the design becomes more challenging. This section discusses the
implementation and behavior of the LP2989 LDO.

8.2 Typical Application

» OUTPUT

2.2 uF == S
; +
(Ceramic or 330k g == *4.7 pF
Tantalum) 0.01 uF == (Ceramic only)
@— /e
*x% <
+
; » ERROR
1.23V =
’3\ T

*Capacitance values shown are minimum required to assure stability, but may be increased without limit. Larger
output capacitor provides improved dynamic response. See the Output Capacitor section.

**Shutdown must be actively terminated (see the Shutdown Input Operation section). Tie to IN (pin 4) if not use.

Figure 40. Typical Application Schematic

8.2.1 Design Requirements

DESIGN PARAMETER DESIGN REQUIREMENT
Input voltage 6.5V, £10%,
Output voltage 5V, £1%
Output current 500 mA (maximum), 1 mA (minimum)
RMS noise, 100 Hz to 100 kHz 18 pVRwms typical
PSRR at 1 kHz 60 dB typical
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8.2.2 Detailed Design Procedure

At 500-mA loading, the dropout of the LP2989 has 650-mV maximum dropout over temperature, thus an 1500-
mV headroom is sufficient for operation over both input and output voltage accuracy. The efficiency of the
LP2989 in this configuration is Vot / Viy = 76.9%. To achieve the smallest form factor, the WSON package is
selected. Input and output capacitors are selected in accordance with the capacitor recommendations. Ceramic
capacitances of 2.2 yF for the input and one 4.7-uF capacitor for the output are selected. With an efficiency of
76.9% and a 500-mA maximum load, the internal power dissipation is 750 mW, which corresponds to a 26.1°C
junction temperature rise for the WSON package. With an 85°C maximum ambient temperature, the junction
temperature is at 111.1°C. To minimize noise, a bypass capacitance (Cgypass) Of 0.01 pF is placed from the
BYPASS pin (device pin 1) to device ground (device pin 3).

8.2.2.1 WSON Package Devices

The LP2989 is offered in the 8-lead WSON surface mount package to allow for increased power dissipation
compared to the SOIC and VSSOP packages. For details on thermal performance as well as mounting and
soldering specifications, refer to Application Note AN-1187 Leadless Leadframe Package (LLP) (SNOA401).

For output voltages < 2 V, see LP2989LV (SNVS086) data sheet.

8.2.2.2 External Capacitors

Like any low-dropout regulator, the LP2989 requires external capacitors for regulator stability. These capacitors
must be correctly selected for good performance.

8.2.2.2.1 Input Capacitor

An input capacitor whose value is at least 2.2 uF is required between the LP2989 input and ground (the amount
of capacitance may be increased without limit).

Characterization testing performed on the LP2989 has shown that if the value of actual input capacitance drops
below about 1.5 pF, an unstable operating condition may result. Therefore, the next larger standard size (2.2 uF)
is specified as the minimum required input capacitance. Capacitor tolerance and temperature variation must be
considered when selecting a capacitor (see Capacitor Characteristics section) to assure the minimum
requirement of 1.5 pF is met over all operating conditions.

The input capacitor must be located at a distance of not more than 0.5 inches from the input pin and returned to
a clean analog ground. Any good quality ceramic or tantalum may be used for this capacitor, assuming the
minimum capacitance requirement is met.

8.2.2.2.2 Output Capacitor

The LP2989 requires a ceramic output capacitor whose value is at least 4.7 pF. The actual amount of
capacitance on the output must never drop below about 3.5 YF or unstable operation may result. For this reason,
capacitance tolerance and temperature characteristics must be considered when selecting an output capacitor.

The LP2989 is designed specifically to work with ceramic output capacitors, using circuitry which allows the
regulator to be stable across the entire range of output current with an output capacitor whose ESR is as low as
4 mQ. It may also be possible to use Tantalum or film capacitors at the output, but these are not as attractive for
reasons of size and cost (see the Capacitor Characteristics section).

The output capacitor must meet the requirement for minimum amount of capacitance and also have an
equivalent series resistance (ESR) value which is within the stable range. Curves are provided which show the
stable ESR range as a function of load current (see Figure 41).
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Figure 41. Stable Region for Output Capacitor ESR

NOTE
Important: The output capacitor must maintain its ESR within the stable region over the
full operating temperature range of the application to assure stability.

It is important to remember that capacitor tolerance and variation with temperature must be considered when
selecting an output capacitor so that the minimum required amount of output capacitance is provided over the full
operating temperature range. (See the Capacitor Characteristics section.)

The output capacitor must be located not more than 0.5 inches from the OUT pin and returned to a clean analog
ground.

8.2.2.2.3 Noise Bypass Capacitor

Connecting a 10-nF capacitor to the BYPASS pin significantly reduces noise on the regulator output. However,
the capacitor is connected directly to a high-impedance circuit in the bandgap reference.

Because this circuit has only a few microamperes flowing in it, any significant loading on this node will cause the
regulated output voltage to drop. For this reason, DC leakage current through the noise bypass capacitor must
never exceed 100 nA, and should be kept as low as possible for best output voltage accuracy.

The types of capacitors best suited for the noise bypass capacitor are ceramic and film. High-quality ceramic
capacitors with either NPO or COG dielectric typically have very low leakage. Ten-nF polypropolene and
polycarbonate film capacitors are available in small surface-mount packages and typically have extremely low
leakage current.

8.2.2.3 Capacitor Characteristics

8.2.2.3.1 Ceramic

The LP2989 was designed to work with ceramic capacitors on the output to take advantage of the benefits they
offer: for capacitance values in the 4.7 uF range, ceramics are the least expensive and also have the lowest ESR
values (which makes them best for eliminating high-frequency noise). The ESR of a typical 4.7-uF ceramic
capacitor is in the range of 10 mQ to 15 mQ, which easily meets the ESR limits required for stability by the
LP2989.

One disadvantage of ceramic capacitors is that their capacitance can vary with temperature. Many large-value
ceramic capacitors (= 2.2 pF) are manufactured with the Z5U or Y5V temperature characteristic, which results in
the capacitance dropping by more than 50% as the temperature goes from 25°C to 85°C.

This could cause problems if a 4.7-uF capacitor were used on the output because it will drop down to
approximately 2.4 pF at high ambient temperatures (which could cause the LP2989 to oscillate). Another
significant problem with Z5U and Y5V dielectric devices is that the capacitance drops severely with applied
voltage. A typical Z5U or Y5V capacitor can lose 60% of its rated capacitance with half of the rated voltage
applied to it.
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For these reasons, X7R and X5R type ceramic capacitors must be used on the input and output of the LP2989.

8.2.2.3.2 Tantalum

Tantalum capacitors are less desirable than ceramics for use as output capacitors because they are typically
more expensive when comparing equivalent capacitance and voltage ratings in the 1 pF to 4.7 pF range.

Another important consideration is that Tantalum capacitors have higher ESR values than equivalent size
ceramics; while it may be possible to find a Tantalum capacitor with an ESR value within the stable range, it
would have to be larger in capacitance (which means bigger and more costly) than a ceramic capacitor with the
same ESR value.

It should also be noted that the ESR of a typical Tantalum will increase about 2:1 as the temperature goes from
25°C down to —40°C, so some guard band must be allowed.

Tantalum capacitors may be used on the input as long as the requirement for minimum capacitance is met.

8.2.2.3.3 Film

Polycarbonate and polypropelene film capacitors have excellent electrical performance: their ESR is the lowest of
the three types listed, their capacitance is very stable with temperature, and DC leakage current is extremely low.

One disadvantage is that film capacitors are larger in physical size than ceramic or tantalum which makes film a
poor choice for either input or output capacitors.

However, their low leakage makes them a good choice for the noise bypass capacitor. Because the required
amount of capacitance is only 0.01 pF, small surface-mount film capacitors are available in this size.
8.2.2.4 Reverse Input-Output Voltage

The PNP power transistor used as the pass element in the LP2989 has an inherent diode connected between
the regulator output and input.

During normal operation (where the input voltage is higher than the output) this diode is reverse-biased.

However, if the output is pulled above the input, this diode will turn on and current will flow into the regulator
output.

In such cases, a parasitic SCR can latch which will allow high current to flow into V,y can damage the part.

In any application where the output may be pulled above the input, an external Schottky diode must be
connected from V)y to Vour (cathode on V,y, anode on Vo), to limit the reverse voltage across the LP2989 to
0.3 V (see the Absolute Maximum Ratings table).

8.2.3 Application Curves

—_— —
I = 500 mA Cout = 4.7 puF
+6 Cour = 4.7 uF +60 Cayp = 10nF
out TR \ gyp = 10n
+4 Cgyp = 10nF +40 \
AV, (mV)
2 out +20 \
AV (mV) \
out
N - NOM
_2 (S
500 —
-4
45 -T IL (mA)
Viv (V)
3.5 — = 0 —=
50 ps/DIV — 5ms/DIV —
Figure 42. Line Transient Response Figure 43. Load Transient Response
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9 Power Supply Recommendations

The LP2989 is designed to operate from an input voltage supply range from 2.1 V to 16 V. The input voltage
range provides adequate headroom for the device to have a regulated output. This input supply must be well
regulated. If the input supply is noisy, additional input capacitors with low ESR can help improve the output noise
performance.

10 Layout

10.1 Layout Guidelines

For best overall performance, place all circuit components on the same side of the circuit board and as near as
practical to the respective LDO pin connections. Place ground return connections to the input and output
capacitor, and to the LDO ground pin as close to each other as possible, connected by a wide, component-side,
copper surface. The use of vias and long traces to create LDO circuit connections is strongly discouraged and
negatively affects system performance. This grounding and layout scheme minimizes inductive parasitics, and
thereby reduces load-current transients, minimizes noise, and increases circuit stability. A ground reference
plane is also recommended and is either embedded in the PCB itself or located on the bottom side of the PCB
opposite the components. This reference plane serves to assure accuracy of the output voltage, shield noise,
and behaves similar to a thermal plane to spread (or sink) heat from the LDO device. In most applications, this
ground plane is necessary to meet thermal requirements.

10.2 Layout Example

| BYPASS SHUTDOWNI

Error Pullup

Resistor
Ground
I |GROUND SENSE I
Input
Capacitor Vour
| IN ouT
Vin —T— Output

—1— Capacitor

Figure 44. Layout Example
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

For related documentation see the following:

LP2989LV (SNVS086) data sheet

Application Note AN-1187 Leadless Leadframe Package (LLP) (SNOA401).

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

11.3 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.

11.4 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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12 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.

LP2989 Al LD X -285

L Voltage @ 285 = 2.85V, 3.3 =330V, etc
X = Tape and Reel, Empty = Rail
Package : LD = WSON, MM = VSS0P, M =50IC

— Grade ; Al = A Grade, | = 5tandard Grade

— LP2989 - Base Part Number
Figure 45. POA Orderable Device Key
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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 0) (6) ®3) (4/5)
LP2989AILD-3.0/NOPB ACTIVE WSON NGN 8 1000 Green (RoHS CU SN Level-3-260C-168 HR -40 to 125 LO1HA Samples
& no Sh/Br) a =
LP2989AILD-3.3/NOPB ACTIVE WSON NGN 8 1000  Green (RoHS CU SN Level-3-260C-168 HR  -40 to 125 LO1JA Samples
& no Sh/Br) a =
LP2989AILD-5.0 NRND WSON NGN 1000 TBD Call Tl Call Tl -40 to 125 LO1KA
LP2989AILD-5.0/NOPB ACTIVE WSON NGN 1000 Green (RoHS CU SN Level-3-260C-168 HR -40 to 125 LO1KA Samples
& no Sh/Br) a =
LP2989AILDX-2.8/NOPB ACTIVE WSON NGN 8 4500 Green (RoHS CU SN Level-3-260C-168 HR -40 to 125 LOOOA
& no Sh/Br) a =
LP2989AIM-2.5/NOPB ACTIVE SoIC D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM ~ -40to 125 2989A
& no Sh/Br) IM2.5 - =
LP2989AIM-3.0/NOPB ACTIVE SoIC D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM ~ -40to 125 2989A Samples
& no Sb/Br) IM3.0 - =
LP2989AIM-3.3/NOPB ACTIVE SoIC D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM ~ -40to 125 2989A Samnles
& no Sb/Br) IM3.3 s
LP2989AIM-5.0 NRND SoIC D 8 95 TBD Call Tl Call Tl -40 to 125 2989A
IM5.0
LP2989AIM-5.0/NOPB ACTIVE SoIC D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 2989A
& no Sb/Br) IM5.0 e
LP2989AIMM-2.5/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LAOA ol
& no Sh/Br) 23mp-2
LP2989AIMM-3.0/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LA1A ol
& no ShiBr) 23mp-2
LP2989AIMM-3.3/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LA2A
& no Sh/Br) 23mp-2
LP2989AIMM-5.0/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LA4A Samples
& no Sh/Br) - =
LP2989AIMMX-2.5/NOPB ACTIVE VSSOP DGK 8 3500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LAOA Samples
& no Sb/Br) = =
LP2989AIMMX-5.0/NOPB ACTIVE VSSOP DGK 8 3500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LA4A Samples
& no Sh/Br) a =
LP2989AIMX-2.5/NOPB ACTIVE SOoIC D 8 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 2989A Samples
& no Sh/Br) IM2.5 - =
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ Q) ® @r5)
LP2989AIMX-3.0/NOPB ACTIVE SoIC D 8 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 2989A
& no Sh/Br) IM3.0 - =
LP2989AIMX-3.3/NOPB ACTIVE SoIC D 8 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 2989A Samples
& no Sh/Br) IM3.3 - =
LP2989AIMX-5.0/NOPB ACTIVE SOIC D 8 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 2989A ol
& no ShiBr) IM5.0 23mp-2
LP2989ILD-2.5/NOPB ACTIVE WSON NGN 8 1000 Green (RoHS CU SN Level-3-260C-168 HR -40 to 125 LO1FA
Samples
& no Sh/Br) B
LP2989ILD-3.0/NOPB ACTIVE WSON NGN 8 1000 Green (RoHS CU SN Level-3-260C-168 HR -40 to 125 LO1HA Samples
& no Sh/Br) B - =
LP2989ILD-3.3/NOPB ACTIVE WSON NGN 8 1000 Green (RoHS CU SN Level-3-260C-168 HR -40 to 125 LO1JA Samples
& no Sh/Br) B - =
LP2989ILD-5.0/NOPB ACTIVE WSON NGN 8 1000 Green (RoHS CU SN Level-3-260C-168 HR -40 to 125 LO1KA Samples
& no Sh/Br) B a =
LP2989ILDX-3.3/NOPB ACTIVE WSON NGN 8 4500 Green (RoHS CU SN Level-3-260C-168 HR -40 to 125 LO1JA
& no Sh/Br) B a =
LP2989ILDX-5.0/NOPB ACTIVE WSON NGN 8 4500  Green (RoHS CU SN Level-3-260C-168 HR -40 to 125 LO1KA Samples
& no Sh/Br) B a =
LP2989IM-2.5 NRND SoIC D 8 TBD Call Tl Call Tl -40 to 125 2989
IM2.5
LP2989IM-2.5/NOPB ACTIVE SoIC D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 2989
& no Sb/Br) IM2.5 s
LP2989IM-3.0/NOPB ACTIVE SoIC D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 2989
& no Sb/Br) IM3.0 s
LP2989IM-3.3 NRND SoIC D 8 95 TBD Call Tl Call Tl -40 to 125 2989
IM3.3
LP2989IM-3.3/NOPB ACTIVE SoIC D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 2989 Samples
& no Sh/Br) IM3.3 - =
LP2989IM-5.0 NRND SOIC D 8 TBD Call Tl Call Tl -40 to 125 2989
IM5.0
LP2989IM-5.0/NOPB ACTIVE SOIC D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 2989
& no ShiBr) IM5.0 23mp-2
LP2989IMM-2.8/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LAGB Samples
& no Sh/Br) - =
LP2989IMM-3.0/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LA1B Samples
& no Sh/Br) - =
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty 2 (6) ®3) (415)
LP2989IMM-3.3/NOPB ACTIVE VSSOP DGK 8 1000  Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LA2B
& no Sb/Br) B2
LP2989IMM-5.0 NRND VSSOP DGK 8 1000 TBD Call Tl Call Tl -40 to 125 LA4B
LP2989IMM-5.0/NOPB ACTIVE VSSOP DGK 8 1000  Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LA4B K rrales
& no Sh/Br) L
LP2989IMMX-2.8/NOPB ACTIVE VSSOP DGK 8 3500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LA6B K srralEs
& no Sb/Br) L
LP2989IMMX-5.0 NRND VSSOP DGK 8 3500 TBD Call Tl Call Tl -40to 125 LA4B
LP2989IMMX-5.0/NOPB ACTIVE VSSOP DGK 8 3500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 LA4B Samples
& no Sh/Br) =
LP2989IMX-2.5/NOPB ACTIVE SoIC D 8 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 2989
& no Sb/Br) IM2.5 L
LP2989IMX-3.3 NRND SoIC D 8 TBD Call Tl Call Tl -40 to 125 2989
IM3.3
LP2989IMX-3.3/NOPB ACTIVE SoIC D 8 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 2989 Samples
& no Sh/Br) IM3.3 =
LP2989IMX-5.0/NOPB ACTIVE SoIC D 8 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 2989 Samples
& no Sh/Br) IM5.0

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 T [ KO [+—P1—»
go W
lReeI ) l
Diameter Cavity # 20 ‘*
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O QfSprocket Holes
I
Q1 : Q2
Q3 i Qé User Direction of Feed
T
Pocket\(l)lgdrants
*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)
LP2989AILD-3.0/NOPB | WSON NGN 8 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LP2989AILD-3.3/NOPB | WSON NGN 8 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LP2989AILD-5.0 WSON NGN 8 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LP2989AILD-5.0/NOPB | WSON NGN 8 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LP2989AILDX-2.8/NOPB | WSON NGN 8 4500 330.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LP2989AIMM-2.5/NOPB | VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LP2989AIMM-3.0/NOPB | VSSOP DGK 8 1000 178.0 12.4 53 3.4 1.4 8.0 12.0 Q1
LP2989AIMM-3.3/NOPB | VSSOP DGK 8 1000 178.0 12.4 5.3 34 1.4 8.0 12.0 Q1
LP2989AIMM-5.0/NOPB | VSSOP DGK 8 1000 178.0 12.4 5.3 34 1.4 8.0 12.0 Q1
LP2989AIMMX-2.5/NOPB| VSSOP | DGK 8 3500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
LP2989AIMMX-5.0/NOPB| VSSOP | DGK 8 3500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
LP2989AIMX-2.5/NOPB SOIC D 8 2500 330.0 12.4 6.5 54 2.0 8.0 12.0 Q1
LP2989AIMX-3.0/NOPB | SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LP2989AIMX-3.3/NOPB | SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LP2989AIMX-5.0/NOPB | SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LP2989ILD-2.5/NOPB WSON NGN 8 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LP2989ILD-3.0/NOPB WSON NGN 8 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LP2989ILD-3.3/NOPB WSON NGN 8 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
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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)
LP2989ILD-5.0/NOPB WSON NGN 8 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LP2989ILDX-3.3/NOPB | WSON NGN 8 4500 330.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LP2989ILDX-5.0/NOPB | WSON NGN 8 4500 330.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
LP2989IMM-2.8/NOPB | VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LP2989IMM-3.0/NOPB | VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LP2989IMM-3.3/NOPB | VSSOP DGK 8 1000 178.0 12.4 5.3 34 14 8.0 12.0 Q1
LP2989IMM-5.0 VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LP2989IMM-5.0/NOPB | VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LP2989IMMX-2.8/NOPB | VSSOP DGK 8 3500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LP2989IMMX-5.0 VSSOP DGK 8 3500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LP2989IMMX-5.0/NOPB | VSSOP DGK 8 3500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
LP2989IMX-2.5/NOPB SoIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LP2989IMX-3.3/NOPB SoIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LP2989IMX-5.0/NOPB SoIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
TAPE AND REEL BOX DIMENSIONS
,//T/
4
e S
/\g\ /)i\
e 7
\“‘x‘y// T w//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LP2989AILD-3.0/NOPB WSON NGN 8 1000 210.0 185.0 35.0
LP2989AILD-3.3/NOPB WSON NGN 8 1000 210.0 185.0 35.0
LP2989AILD-5.0 WSON NGN 8 1000 210.0 185.0 35.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LP2989AILD-5.0/NOPB WSON NGN 8 1000 210.0 185.0 35.0
LP2989AILDX-2.8/NOPB WSON NGN 8 4500 367.0 367.0 35.0
LP2989AIMM-2.5/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LP2989AIMM-3.0/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LP2989AIMM-3.3/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LP2989AIMM-5.0/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LP2989AIMMX-2.5/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
LP2989AIMMX-5.0/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
LP2989AIMX-2.5/NOPB SoIC D 8 2500 367.0 367.0 35.0
LP2989AIMX-3.0/NOPB SolIC D 8 2500 367.0 367.0 35.0
LP2989AIMX-3.3/NOPB SolIC D 8 2500 367.0 367.0 35.0
LP2989AIMX-5.0/NOPB SOIC D 8 2500 367.0 367.0 35.0
LP2989ILD-2.5/NOPB WSON NGN 8 1000 210.0 185.0 35.0
LP2989ILD-3.0/NOPB WSON NGN 8 1000 210.0 185.0 35.0
LP2989ILD-3.3/NOPB WSON NGN 8 1000 210.0 185.0 35.0
LP2989ILD-5.0/NOPB WSON NGN 8 1000 210.0 185.0 35.0
LP2989ILDX-3.3/NOPB WSON NGN 8 4500 367.0 367.0 35.0
LP2989ILDX-5.0/NOPB WSON NGN 8 4500 367.0 367.0 35.0
LP2989IMM-2.8/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LP2989IMM-3.0/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LP2989IMM-3.3/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LP2989IMM-5.0 VSSOP DGK 8 1000 210.0 185.0 35.0
LP2989IMM-5.0/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LP2989IMMX-2.8/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
LP2989IMMX-5.0 VSSOP DGK 8 3500 367.0 367.0 35.0
LP2989IMMX-5.0/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
LP2989IMX-2.5/NOPB SoIC D 8 2500 367.0 367.0 35.0
LP2989IMX-3.3/NOPB SolIC D 8 2500 367.0 367.0 35.0
LP2989IMX-5.0/NOPB SOIC D 8 2500 367.0 367.0 35.0
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o.10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in 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 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—-187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 7 PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
N ERE
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. 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.

NOTES:
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MECHANICAL DATA
NGNOOO8A

(8X 0.5)

‘
J‘ \
H‘ ﬂ ’’’’’’’ - DIMENSIONS ARE IN MILLIMETERS
|

DIMENSIONS IN ) FOR REFERENCE ONLY
(8X 0.3)‘4 L‘ ! I

~———(6x 0.8)

RECOMMENDED LAND PATTERN
1:1 RATION WITH PKG SOLDER PADS

PIN 1 INDEX AREA

(0.25) (< (0. 1)
4 ALL LEADS

u] 8X 0.5%0.1

F1® et ox
—
LDCO8A (Rev B)
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ ]0.010 (0,25) @]

[T ]
1]

\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
25) / ﬁ
0.005 (0,13) )
1 \
?

A

[]0.004 (0,10)

/

-

0.050 (
0016

Gauge Plane i [:i
0.010 (0,25) L7

?

Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves 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.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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