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OPAXx365-Q1 50-MHz Low-Distortion High-CMRR Rail-to-Rail I/O,
Single-Supply Operational Amplifiers

1 Features 3 Description
* Qualified for Automotive Applications The OPAx365-Q1 zero-crossover family, rail-to-rail,
+ AEC-Q100 Qualified with the Following Results: high-performance, CMOS operational amplifiers are
— Device Temperature Grade 1: —40°C to 125°C optimized for very low voltage, single-supply
Ambient Operating Temperature Range applications. Rail-to-rail input/output, low noise (4.5
— Device HBM ESD Classification Level H2 nV/ Hz) and high speed operation (50-MHz gain

bandwidth) make these devices ideal for driving
sampling data converters (such as the ADS7822-Q1
or the ADS1115-Q1), specifically in short to mid-range

— Device CDM ESD Classification Level C3B
» OPA2365-Q1 Functional Safety-Capable:

— Documentation Available to Aid Functional radar applications. The OPAx356-Q1 family of
Safety System Design operational amplifiers are also well-suited for HEV/EV
+ Gain Bandwidth: 50 MHz and Powertrain applications in DC-DC converters and
» Zero-Crossover Distortion Topology as transmission control in engine control units.
— Excellent THD+N: 0.0004% Special features include an excellent common-mode
— CMRR: 100 dB (Minimum) rejection ratio (CMRR), no input stage crossover
— Rail-to-Rail Input and Output distortion, high input impedance, and rail-to-rail input
— Input 100 mV Beyond Supply Rail and output swing. The input common-mode range
« Low Noise: 4.5 nV/N Hz at 100 kHz includes both the negative and positive supplies. The
+ Slew Rate: 25 V/us output voltage swing is within 10 mV of the rails.
+ Fast Settling: 0.3 ps t0 0.01% The OPA365-Q1 (single version) is available in the 5-
* Precision pin SOT-23 package. The OPA2365-Q1 (dual version)
— Low Offset: 100 Vv is available in the 8-pin SOIC package. All versions
— Low Input Bias Current; 0.2 pA are specified for operation from -40°C to 125°C.
« 2.2V to0 5.5-V Operation Single and dual versions have identical specifications

for maximum design flexibility.

2 Applications

Device Information ()

* Automotive PART NUMBER PACKAGE BODY SIZE (NOM)
« ADAS OPA2365-Q1 SOIC (8) 4.90 mm x 3.91 mm
+ HEV/EV and Powertrain OPA365-Q1 SOT-23 (5) 2.90 mm x 1.60 mm
* Body and Lighting

« Blind Spot Detection (1) For all available packages, see the orderable addendum at

the end of the data sheet.

* Engine Control Units

+ DC-DC Converters

» Short to Mid Range Radars
« Collision Warning

* Industrial

* Heads Up Display

»—O Vour

Fast-Settling Peak Detector

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.


https://www.ti.com/technologies/functional-safety/overview.html
https://www.ti.com
https://www.ti.com/product/OPA365-Q1
https://www.ti.com/product/OPA2365-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOS512E&partnum=OPA365-Q1
https://www.ti.com/product/opa365-q1?qgpn=opa365-q1
https://www.ti.com/product/opa2365-q1?qgpn=opa2365-q1
https://www.ti.com/product/OPA365-Q1
https://www.ti.com/product/OPA2365-Q1

I3 TEXAS
OPA365-Q1, OPA2365-Q1 INSTRUMENTS
SBOS512E — MARCH 2010 — REVISED NOVEMBER 2020 www.ti.com
Table of Contents
TFEAtUreS.........ooiii 1 7.4 Device Functional Modes...........ccocvveiiiiiiniiecinieenns 13
2 Applications.............ccooiiiiiiii 1 8 Application and Implementation.................................. 14
3 DeSCription...........oooiiiiiiiii 1 8.1 Application Information............ccccocviiiiiiineciiieee 14
4 Revision History............ccccooiiii e, 2 8.2 Typical Application...........cccoeveiiriiiiiiece e 18
5 Pin Configuration and Functions....................cccccoee. 3 9 Power Supply Recommendations...................cc.c.ooeee. 20
6 Specifications.............ccccooiiiiiii 4 10 LayouUL.......ooiiiiiie e 21
6.1 Absolute Maximum Ratings.........cccccoveviiiiinieeciiineee 4 10.1 Layout Guidelines.........cccovveeeiiiiiiiiee e 21
6.2 ESD RatiNgS....ccoiiiiiiiiii e 4 10.2 Layout Example.........coccoeiiiiiiiiiiiiiee e 21
6.3 Recommended Operating Conditions..............ccccuee... 4 11 Device and Documentation Support.......................... 22
6.4 Thermal Information.............cocoeeiiiineei e 4 11.1 Documentation SUppOrt..........cccevveiiiieeeiiieeenieeee 22
6.5 Electrical Characteristics...........ccccovviiiniiiiiiieeciieees 5 11.2 Support RESOUICES........cuviiiieeeiiiie e 22
6.6 Typical CharacteristiCs.............ceveviiieriiiiieeeeieees 7 11.3 Trademarks........cooiiieiiiiiieee e 22
7 Detailed Description..............ccocceiiiiiiniicee 11 11.4 Electrostatic Discharge Caution.............cccccevieene 22
7.1 OVEIVIEW. ...ttt 11 11.5 GlOSSAIY...ceiiviiiiiie ettt 22
7.2 Functional Block Diagram...........ccccueeiviiiinieecenneenn. 11 12 Mechanical, Packaging, and Orderable
7.3 Feature Description...........cccvevieeiiieeesiic e 12 Information...............ccco i 22

4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision D (December 2015) to Revision E (November 2020) Page
» Updated the numbering format for tables, figures, and cross-references throughout the document.................. 1
» Added Functional Safety-Capable - Documentation information to the Features section...........ccccccceeeeviinnnnes 1
o Updated Related Documentation SECHON ...............oooiiiiiiiiiii ettt a e e e e e e aaaaaas 22
Changes from Revision C (April 2012) to Revision D (December 2015) Page

* Added ESD Ratings 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 .................. 1
Changes from Revision B (January 2012) to Revision C (April 2012) Page
* Added another row with Vg for OPA2365-Q1 ONIY......ueiiiiiiiiiiie it e et e e e e e e e sneeeeeeens 5
* Changed Iq upper imit t0 5.3 from 5.5, ... it 5
2 Submit Document Feedback Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: OPA365-Q1 OPA2365-Q1


https://www.ti.com/product/OPA365-Q1
https://www.ti.com/product/OPA2365-Q1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOS512E&partnum=OPA365-Q1
https://www.ti.com/product/opa365-q1?qgpn=opa365-q1
https://www.ti.com/product/opa2365-q1?qgpn=opa2365-q1

13 TEXAS
INSTRUMENTS

www.ti.com

OPA365-Q1, OPA2365-Q1
SBOS512E — MARCH 2010 — REVISED NOVEMBER 2020

5 Pin Configuration and Functions

Figure 5-1. DBV Package 5-Pin SOT-23 Top View
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Table 5-1. Pin Functions

VourA I 1

-INA 1] 2
+INA 1] 3
V- 1] 4

> N o
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F VourB
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Figure 5-2. D Package 8-Pin SOIC Top View

NIE SOT'?ZI: e 110 DESCRIPTION
+IN 3 — | Noninverting input

—-IN 4 — | Inverting input

+IN A — 3 | Noninverting input

—IN A — 2 | Inverting input

+IN B — 5 | Noninverting input
-INB — 6 | Inverting input

V+ 5 8 | Positive (highest) supply
V- 4 4 | Negative (lowest) supply
Vout | — O Output

VoutA — 1 O Output

VoutB — 7 (6] Output
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT

Vee Supply voltage 5.5 \%
Vi Signal input terminals, voltage(@ (V-)-05 (V+)+0.5 \Y

I Signal input terminals, current(® -10 10 mA
tosc Output short-circuit duration(®) Continuous

Top Operating temperature -40 150 °C
T, Junction temperature 150 °C
Tstg Storage temperature -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) Input terminals are diode-clamped to the power-supply rails. Input signals that can swing more than 0.5V beyond the supply rails
should be current-limited to 10 mA or less.

(3) Short-circuit to ground, one amplifier per package

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per AEC Q100-002(") +2000
V(Esp) Electrostatic discharge - \%
Charged-device model (CDM), per AEC Q100-011 +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 free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Vs Supply voltage V-to V+ 2.2 3.3 5.5 \Y
Ta Operating free-air temperature -40 25 125 °C
6.4 Thermal Information
OPA2365-Q1 OPA365-Q1
THERMAL METRIC(") D (SOIC) DBV (SOT-23) UNIT
8 PINS 5 PINS
Resa Junction-to-ambient thermal resistance 115.5 208.8 °C/W
ReJc(top) Junction-to-case (top) thermal resistance 60.1 123.7 °C/W
Rgus Junction-to-board thermal resistance 56.9 54.6 °C/W
Wyt Junction-to-top characterization parameter 9.5 37.2 °C/W
Wis Junction-to-board characterization parameter 56.3 36.3 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.
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6.5 Electrical Characteristics
Vg=2.2V1t05.5V, R =10 kQ connected to Vg/2, Vcom = Vs/2, and Vout = Vs/2 (unless otherwise noted)

PARAMETER \ TEST CONDITIONS | Ta® | mN TYP MAX| UNIT
OFFSET VOLTAGE
Vos Input offset voltage 25°C 100 200 pv
Vos @ Input offset voltage 25°C 100 230| uv
dVps/ dT Input offset voltage drift Full range 1 uv/eC
PSRR L”O%‘;fgjsél‘;o'tage vs Vg=22V1055V Full range 10 100 pvv
Channel separation, DC 25°C 0.2 uVvIv
INPUT BIAS CURRENT
Ig Input bias current 25°C *0-2 *10 PA
Full range See Section 6.6
los Input offset current 25°C +0.2 +10 pA
NOISE
en Input voltage noise f=0.1Hzto 10 Hz 25°C 5 uVpp
en Input voltage noise density |f= 100 kHz 25°C 4.5 nVA Hz
in Input current noise density |f=10 kHz 25°C 4 fAN Hz
INPUT VOLTAGE RANGE
Veum Common-mode voltage 25°C (V'g ; (V+)+ 0.1 \
CMRR g‘t’i’:m”'mde rejection |\ _ 0.1V < Vg < (V4+) + 0.1V Full range 100 120 dB
INPUT CAPACITANCE
Differential 25°C pF
Common-mode 25°C 2 pF
OPEN-LOOP GAIN
RL =10 kQ, 100 mV < Vg < (V+)—=100 mV | Full range 100 120
AoL Open-loop voltage gain R_ =600 Q, 200 mV < Vg < (V+) =200 mV 25°C 100 120 dB
R =600 Q, 200 mV < Vg < (V+)—200 mV | Full range 94
FREQUENCY RESPONSE
GBW Gain-bandwidth product 25°C 50 MHz
SR Slew rate Vg=5V,G=1 25°C 25 Vius
0.1%, Vs =5V, 4-V Step, G =1 25°C 200
ts Settling time ns
0.01%, Vs =5V, 4-V Step, G =1 25°C 300
Overload recovery time Vg=5V,Vjy x Gain > Vg 25°C <01 us
THD+N 'rll'cc))tizleg?rmonic distortion + \C/;S==15, fV= I?LKESOO Q, Vo =4 VPP, 25°C 0.0004%
OUTPUT
ya‘?l'tage output swing from | _ 4040, Vg =55V Full range 10 20| mv
Isc Short-circuit current 25°C 165 mA
CL Capacitive load drive 25°C See Section 6.6
%p’)ee”(;f:c?“tp“t f=1MHz I =0 25°C 30 Q
POWER SUPPLY
Vs Specified voltage 25°C 2.2 5.5 \Y
o Quiescent current per lo=0 25°C 4.6 5 A
amplifier Full range 53

Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: OPA365-Q1 OPA2365-Q1

Submit Document Feedback

5


https://www.ti.com
https://www.ti.com/product/OPA365-Q1
https://www.ti.com/product/OPA2365-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOS512E&partnum=OPA365-Q1
https://www.ti.com/product/opa365-q1?qgpn=opa365-q1
https://www.ti.com/product/opa2365-q1?qgpn=opa2365-q1

13 TEXAS
OPA365-Q1, OPA2365-Q1 INSTRUMENTS
SBOS512E — MARCH 2010 — REVISED NOVEMBER 2020 www.ti.com

Vs =22V 1055V, R =10kQ connected to Vg/2, Vcum = Vs/2, and Voyt = Vs/2 (unless otherwise noted)

PARAMETER TEST CONDITIONS \ Ty ™ \ MIN TYP MAX\ UNIT
TEMPERATURE RANGE
Specified 25°C —40 125 °C
SOT23-5 25°C
04a Thermal resistance °C/W
SO-8 25°C 200

(1) Fullrange Ty = -40°C to 125°C
(2)  Third-order filter, bandwidth 80 kHz at -3 dB.
(3) For OPA2365-Q1 only
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6.6 Typical Characteristics
Ta=25°C, Vg =5V, C_=0 pF (unless otherwise noted)
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Figure 6-5. Input Bias Current vs Temperature Figure 6-6. Input Bias Current vs Common Mode Voltage
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6.6 Typical Characteristics (continued)
Ta=25°C, Vg =5V, C_ =0 pF (unless otherwise noted)
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Figure 6-7. OPA365-Q1 Output Voltage vs Output Current
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Figure 6-12. 0.1-Hz to 10-Hz Input Voltage Noise
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6.6 Typical Characteristics (continued)
Ta=25°C, Vg =5V, C_ =0 pF (unless otherwise noted)
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Figure 6-13. Total Harmonic Distortion + Noise vs Frequency Figure 6-14. Input Voltage Noise Spectral Density
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6.6 Typical Characteristics (continued)
Ta=25°C, Vg =5V, C_=0 pF (unless otherwise noted)

Output Voltage (1V/div)

T T T O T N A

Time (250ns/div)

Figure 6-19. Large-Signal Step Response

10

Submit Document Feedback

Product Folder Links: OPA365-Q1 OPA2365-Q1

Copyright © 2020 Texas Instruments Incorporated


https://www.ti.com/product/OPA365-Q1
https://www.ti.com/product/OPA2365-Q1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOS512E&partnum=OPA365-Q1
https://www.ti.com/product/opa365-q1?qgpn=opa365-q1
https://www.ti.com/product/opa2365-q1?qgpn=opa2365-q1

13 TEXAS
INSTRUMENTS OPA365-Q1, OPA2365-Q1
www.ti.com SBOS512E — MARCH 2010 — REVISED NOVEMBER 2020

7 Detailed Description
7.1 Overview

The OPAx365-Q1 zero-crossover family of rail-to-rail, high-performance, CMOS operational amplifiers are
optimized for very low voltage, single-supply applications. Their rail-to-rail input and output, low-noise (4.5 nV/v
Hz), and high-speed operation (50-MHz gain bandwidth) make these devices ideal for driving sampling analog-
to-digital converters (ADCs). Applications include audio, signal conditioning, and sensor amplification. The high-
gain bandwidth of 50 MHz makes this family suited for amplifying low signal levels and high frequency such as
radar signal processing .

7.2 Functional Block Diagram

VS
O
Regulated
. Charge Rump —e

Vour = Voo +1.8V

. -

Voo +1.8V

Patent Rending
Very Lav Rpple

lgias Tapology
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7.3 Feature Description
7.3.1 Operating Characteristics

The OPA365-Q1 amplifier parameters are fully specified from 2.2 V to 5.5 V. Many of the specifications apply
from —-40°C to 125°C. Parameters that can exhibit significant variance with regard to operating voltage or
temperature are presented in Section 6.6.

7.3.2 Basic Amplifier Configurations

As with other single-supply operational amplifiers, the OPA365-Q1 may be operated with either a single supply
or dual supplies (see Figure 7-1). A typical dual-supply connection is shown in Figure 7-1, which is accompanied
by a single-supply connection. The OPA365-Q1 device is configured as a basic inverting amplifier with a gain of
-10 V/V. The dual-supply connection has an output voltage centered on zero, while the single- supply
connection has an output centered on the common-mode voltage V. For the circuit shown, this voltage is 1.5
V, but may be any value within the common-mode input voltage range. The OPA365-Q1 V) range extends 100
mV beyond the power-supply rails.

R, R,
10kQ 10kQ
VW VWA

+15V
D)

G

100nF

 — —
. OPA365 ———o——OV ¢
+
Viy Vin
S V- G
100nF

Ry

——OVqyr

) Vey =15V

a) Dual Supply Connection b) Single Supply Connection

Figure 7-1. Basic Circuit Connections

Figure 7-2 shows a single-supply, electret microphone application where V¢, is provided by a resistive divider.
The divider also provides the bias voltage for the electret element.

Clean 3.3V Supply 49kQ
3.3V
4kQ h
OPA365 —O Vour
+

[
Electret 6kQ 5kQ =
Microphone
T

Figure 7-2. Microphone Preamplifier
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7.3.3 Input and ESD Protection

The OPA365-Q1 device incorporates internal electrostatic discharge (ESD) protection circuits on all pins. In the
case of input and output pins, this protection primarily consists of current steering diodes connected between the
input and power-supply pins. These ESD protection diodes also provide in-circuit, input overdrive protection,
provided that the current is limited to 10 mA as stated in the Section 6.1. Figure 7-3 shows how a series input
resistor may be added to the driven input to limit the input current. The added resistor contributes thermal noise
at the amplifier input and its value should be kept to the minimum in noise-sensitive applications.

loverLoAD
10mA max
—_—

OPA365 ——O Vour

Figure 7-3. Input Current Protection

7.3.4 Rail-to-Rail Input

The OPA365-Q1 product family features true rail-to-rail input operation, with supply voltages as low as 1.1 V
(2.2 V). A unique zero-crossover input topology eliminates the input offset transition region typical of many rail-
to-rail, complementary stage operational amplifiers. This topology also allows the OPA365-Q1 device to provide
superior common-mode performance over the entire input range, which extends 100 mV beyond both power-
supply rails, as shown in Figure 7-4. When driving ADCs, the highly linear VCM range of the OPA365-Q1 device
assures that the operational amplifier/ADC system linearity performance is not compromised.

OFFSET VOLTAGE vs COMMON MODE VOLTAGE

200
Vg = +2.75V
150
100 ”— _____
OPA365 '
— 50 ~ "
> ~
= > A
2] O h ,/ \
3 SR
=50 A \J"
/ 1
-100 /
Competitors ,'
-150 |=~<—rgf ‘ '
__________ N
-200
-3 -2 -1 0 ! 2 ’

Common Mode Voltage (V)

Figure 7-4. OPA365-Q1 Has Linear Offset Over the Entire Common-Mode Range

7.4 Device Functional Modes

The OPAx365-Q1 family of devices is powered on when the supply is connected. The device can be operated as
a single-supply operational amplifier or a dual-supply amplifier depending on the application.
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl 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
8.1.1 Capacitive Loads

The OPA365-Q1 device may be used in applications where driving a capacitive load is required. As with all
operational amplifiers, there may be specific instances where the OPA365-Q1 device can become unstable,
leading to oscillation. The particular operational amplifier circuit configuration, layout, gain and output loading are
some of the factors to consider when establishing whether an amplifier will be stable in operation. An operational
amplifier in the unity-gain (1 V/V) buffer configuration and driving a capacitive load exhibits a greater tendency to
be unstable than an amplifier operated at a higher noise gain. The capacitive load, in conjunction with the
operational amplifier output resistance, creates a pole within the feedback loop that degrades the phase margin.
The degradation of the phase margin increases as the capacitive loading increases.

When operating in the unity-gain configuration, the OPA365-Q1 device remains stable with a pure capacitive
load up to approximately 1 nF. The equivalent series resistance (ESR) of some very large capacitors (C_ > 1 pF)
is sufficient to alter the phase characteristics in the feedback loop such that the amplifier remains stable.
Increasing the amplifier closed-loop gain allows the amplifier to drive increasingly larger capacitance. This
increased capability is evident when observing the overshoot response of the amplifier at higher voltage gains.
See Figure 6-15.

One technique for increasing the capacitive load drive capability of the amplifier operating in unity gain is to
insert a small resistor, typically 10 Q to 20 Q, in series with the output; see Figure 8-1. This resistor significantly
reduces the overshoot and ringing associated with large capacitive loads. A possible problem with this technique
is that a voltage divider is created with the added series resistor and any resistor connected in parallel with the
capacitive load. The voltage divider introduces a gain error at the output that reduces the output swing. The error
contributed by the voltage divider may be insignificant. For instance, with a load resistance, R| = 10 kQ, and Rg
= 20 Q, the gain error is only about 0.2%. However, when R| is decreased to 600 Q, which the OPA365-Q1
device is able to drive, the error increases to 7.5%.

OPA365
Vin© +

Figure 8-1. Improving Capacitive Load Drive
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8.1.2 Achieving an Output Level of Zero Volts (0 V)

Certain single-supply applications require the operational amplifier output to swing from 0 V to a positive full-
scale voltage and have high accuracy. An example is an operational amplifier employed to drive a single-supply
ADC having an input range from 0 V to 5 V. Rail-to-rail output amplifiers with very light output loading may
achieve an output level within millivolts of 0 V (or +Vg at the high end), but not 0 V. Furthermore, the deviation
from 0 V only becomes greater as the load current required increases. This increased deviation is a result of
limitations of the CMOS output stage.

When a pulldown resistor is connected from the amplifier output to a negative voltage source, the OPA365-Q1
can achieve an output level of 0 V, and even a few millivolts below 0 V. Below this limit, nonlinearity and limiting
conditions become evident. Figure 8-2 illustrates a circuit using this technique.

Vi O
500uAi Rp = 10kQ
Op Amp —
Negative 5
Supply -V = -5V

Grounded (Additional

Negative Supply)

Figure 8-2. Swing-to-Ground

A pulldown current of approximately 500 pA is required when OPA365-Q1 is connected as a unity-gain buffer. A
practical termination voltage (V neg) is =5 V, but other convenient negative voltages also may be used. The
pulldown resistor R is calculated from R = [(Vo =VNeg)/(500 pA)]. Using a minimum output voltage (Vo) of 0V,
R = [0 V-(-5V)])/(500 pA)] = 10 kQ. Keep in mind that lower termination voltages result in smaller pulldown
resistors that load the output during positive output voltage excursions.

This technique does not work with all operational amplifier, and should only be applied to operational amplifiers,
such as the OPA365-Q1, that have been specifically designed to operate in this manner. Also, operating the
OPA365-Q1 output at 0 V changes the output stage operating conditions, resulting in somewhat lower open-loop
gain and bandwidth. Keep these precautions in mind when driving a capacitive load because these conditions
can affect circuit transient response and stability.

8.1.3 Active Filtering

The OPA365-Q1 device is well-suited for active filter applications requiring a wide bandwidth, fast slew rate, low-
noise, and single-supply operational amplifier. Figure 8-3 shows a 500 kHz, 2nd-order, low-pass filter utilizing the
multiple-feedback (MFB) topology. The components have been selected to provide a maximally-flat Butterworth
response. Beyond the cutoff frequency, roll-off is —40 dB/dec. The Butterworth response is ideal for applications
requiring predictable gain characteristics such as the anti-aliasing filter used ahead of an ADC.
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5490
VWA
C,
150pF
|
I
V+
Ry R,
549Q 1.24kQ
Vin oAV =
OPA365 OVour
C, L +
1nF
V_

Figure 8-3. Second-Order Butterworth 500-kHz Low-Pass Filter

One point to observe when considering the MFB filter is that the output is inverted, relative to the input. If this
inversion is not required, or not desired, a noninverting output can be achieved through one of these options:

1. adding an inverting amplifier;

2. adding an additional 2nd-order MFB stage;

3. using a noninverting filter topology such as the Sallen-Key (shown in Figure 8-4).

MFB and Sallen-Key, low-pass and high-pass filter synthesis is quickly accomplished using Tl's FilterPro
program. This software is available as a free download at www.ti.com.

Vin=1Vrus

Figure 8-4. Configured as a 3-Pole, 20 kHz, Sallen-Key Filter

8.1.4 Driving an ADS7822-Q1 Analog-to-Digital Converter

The OPAx365-Q1 operational amplifiers are optimized for driving medium to high speed sampling A/D
converters. The OPAx365-Q1 op amps buffer the A/D’s input capacitance and resulting charge injection while
providing signal gain. Figure 8-5 shows the OPAx365-Q1 in a basic noninverting configuration driving the
ADS7822-Q1. The ADS7822-Q1 is a 12-bit, micro-power sampling converter in the MSOP-8 package. When
used with the low-power, miniature packages of the OPAx365-Q1, the combination is ideal for space-limited, low
power applications. In this configuration, an RC network at the A/D’s input can be used to filter charge injection.
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8.1.5 Driving ADS1115-Q1 Analog-to-Digital Converter

Some applications such as mutli-channels mid range radar need selection between channels. OPA2365-Q1
combined with ADS1115-Q1 fit very well for 2 channels radar selection. The circuit in Figure 8-6 shows the same
band pass filter but the components can be modified for different desired band pass.

The DAS1115-Q1 inputs are set as differential. the inputs accept up the +2 V. The OPA2365-Q1 flat gain is 100
so the input signal peak is 20 mV.

Figure 8-5. Driving the ADS7822-Q1

5V

q
100K 0.1 pF 1
+ T
+

AINO Voo =
OPA365
100 K AIN1
1 P AIN2 | ADS1115-Q,
- AIN3
0—| l—o GND
0.22 yF

Ving —| |—#\N\r—0—4\N\/% e

470 Q 51K =

100 K Im o

+
OPA365

100 K

0.22 yF 0—| l—o
Vit —| VWA —e——an——

470 Q 51K

Figure 8-6. Driving the ADS1115-Q1
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8.2 Typical Application
8.2.1 Fast Settling Peak Detector

»—O Vour

Figure 8-7. Fast Settling Peak Detector Schematic

Some applications require peak signal measurement. High unity gain bandwidth, wide supply voltage range, rail-
to-rail input and output, and very low input bias current make the OPA2365-Q1 device very suitable for a peak

detector circuit.
8.2.1.1 Design Requirements

Use the following design parameters for this application:
* Supply voltage: 2.2V to 5V

* Inputsignal: 0 Vto4.5V

* Input signal frequency: 0 MHz to 1 MHz

8.2.1.2 Detailed Design Procedure

The circuit in Figure 8-7 detects the peak of an input signal and generates a DC output equal to the peak level
VOUT = VINpeak. The capacitor C1 is charged through the SD1 diode and limiting resistor R1. The only
discharging path for C1 is the OPA2365-Q1 very high input impedance. This allows the peak detection of low
frequency and low-duty cycle signal.

8.2.1.3 Application Curves

Bl [t ertical Hpblicg I Depley Gusos Maapos Mok Meth MyeScops ke el Bl [t el Hpblicg Tl Dedley Qs Meapos Mok Meth Mekoes b el

[ TILE A 1 1510 al} [ 14 A 1 15 101848
T Feppnd T T | 5‘!".?‘..-':'.9-....: m T Rl ?"...'."..: .............. 5‘!".?'..-?*....: m
ohZ Positsse ohz Positse
S S - L — | TR iR
. CBE Sxale r 4| cne seam
f N SN L3
. . \ N
TR 2| e
..................... I.I .I.I
TR TR
|imsoxciz] Bos

eyl BOOI%

Ch  Z0Omd B W 40 pr LIS ADraipt [T=IET-1 W 4 TN ADrakpt
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Figure 8-8. Supply Voltage 2.2 V, Peak Signal 1V Figure 8-9. Supply Voltage 5 V Peak Signal 4.5V
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8.2.2 Bandpass Filter 1.5 kHz to 160 kHz and 40-db Flat Gain

V+=5V
‘IOOK%

|

+

OPA365 ——— Vour
100 K -
GND
= V—= GND
0—| l—{'
Cy=0.22p C, = lopF
Vin 4' ——————ANN———
R, =470 0 R, =51K

Figure 8-10. Bandpass Filter 1.5 kHz to 160 kHz and 40-db Flat Gain Schematic

8.2.2.1 Design Requirements

Use the following design parameters for this application:
* Supply voltage: 2.2V to 5V

* Input signal: 0 V to 25 mV

* Input signal frequency: 0 MHz to 1 MHz

8.2.2.2 Detailed Design Procedure

Some applications need bandpass filter—that is, radar or audio signal precessing. The cross over frequencies
and flat gain can be adjusted by changing the resistors and capacitors value according to applications.

The circuit is designed for 5-V supply and 20-mV input signal. With a flat gain of 100 dB or 40 dB, the peak
output signal is 2 V. The reference signal is at half way of 5V, which is 2.5 V.

. . V R
The transfer function or gain = —24t — _ 2615
Vi (1+R4C4S) (1+R3C,S) (1)
1
Azeroat=———=14.2Hz
2TC ch—] (2)
A pole at = =1.54 KHz
2TE R1C1 (3)
1
A pole at=—— =156 KHz
2TE R2C2 (4)
Flat Gain of 100 or 40 dB between 1.54 kHz and 156 kHz (5)
20 db/decade below 1.54 KHz (6)
—20 dB/decade above 156 kHz (7)
Bandpass between 1.54 kHz and 156 kHz (8)
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8.2.2.3 Application Curves
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1.5 kHz 160 kHz

Cusars  Maaprs Mk

Bl [t el Hpklig Tl Dy

T4 Bep 15 162000

9 Power Supply Recommendations

The OPAx365-Q1 family of devices is specified for operation from 2.2 V to 5.5 V (£1.1 V to £2.75 V); many
specifications apply from —40°C to 125°C. The Section 6.6 presents parameters that can exhibit significant

variance with regard to operating voltage or temperature.

Supply voltages larger than 7 V can permanently damage the device (see Section 6.1).

CAUTION

Place 0.1-pyF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high

impedance power supplies. For more detailed information on bypass capacitor placement, see Section 10.1.

Copyright © 2020 Texas Instruments Incorporated

20

Submit Document Feedback

Product Folder Links: OPA365-Q1 OPA2365-Q1


https://www.ti.com/product/OPA365-Q1
https://www.ti.com/product/OPA2365-Q1
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBOS512E&partnum=OPA365-Q1
https://www.ti.com/product/opa365-q1?qgpn=opa365-q1
https://www.ti.com/product/opa2365-q1?qgpn=opa2365-q1

i3 TEXAS
INSTRUMENTS

www.ti.com

OPA365-Q1, OPA2365-Q1

SBOS512E — MARCH 2010 — REVISED NOVEMBER 2020

10 Layout
10.1 Layout Guidelines

The OPA365-Q1 is a wideband amplifier. To realize the full operational performance of the device, good high-
frequency printed-circuit-board (PCB) layout practices are required. Low-loss 0.1-yF bypass capacitors must be
connected between each supply pin and ground as close to the device as possible. The bypass capacitor traces
should be designed for minimum inductance.

10.2 Layout Example

Place components

RIN
VIN—AANN— +
RG

VOUT

RF

(Schematic Representation)

close to device and to
each other to reduce
parasitic errors

Run the input traces
as far away from
the supply lines

as possible

—— e

_

Only needed for :

dual-supply |
operation

GND |
~ =~~~ (or GND for single supply)

VS+

Use low-ESR, ceramic
bypass capacitor

Ground (GND) plane on another layer

Figure 10-1. Layout Recommendation
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11 Device and Documentation Support
11.1 Documentation Support
11.1.1 Related Documentation

Texas Instruments, ADS1258 16-Channel, 24-Bit Analog-to-Digital Converter data sheet
11.2 Support Resources

TI 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 Tl's views; see TlI's Terms of Use.

11.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
11.4 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

“: \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

11.5 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

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.
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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)
OPA2365AQDRQ1 ACTIVE SoIC D 8 2500 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 02365Q
OPA365AQDBVRQ1 ACTIVE SOT-23 DBV 5 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 OTNQ

® 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.

® 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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE OPTION ADDENDUM

10-Dec-2020

OTHER QUALIFIED VERSIONS OF OPA2365-Q1, OPA365-Q1 :
o Catalog: OPA2365, OPA365

o Enhanced Product: OPA365-EP

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

e Enhanced Product - Supports Defense, Aerospace and Medical Applications
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http://focus.ti.com/docs/prod/folders/print/opa2365.html
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 3-Jun-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
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
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)
OPA2365AQDRQ1 SolIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA365AQDBVRQ1 SOT-23 | DBV 3000 179.0 8.4 3.2 3.2 14 4.0 8.0 Q3
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 3-Jun-2022
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
OPA2365AQDRQ1 SoIC D 8 2500 356.0 356.0 35.0
OPA365AQDBVRQ1 SOT-23 DBV 5 3000 200.0 183.0 25.0
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

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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PACKAGE OUTLINE
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PIN 1—]
INDEX AREA

4
0.3
\ { 0.15
0.2 [c|AB] NOTE 5 4X0°-15° = @D = =00 "YP
1.45
0.90

GAGE PLANE

f

g’ &/* L \ 1
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214839/K 08/2024

NOTES:

[N

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

. This drawing is subject to change without notice.

. Refernce JEDEC MO-178.

. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.25 mm per side.

. Support pin may differ or may not be present.

AOWN

)]
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EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214839/K 08/2024

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

(RO.05) TYP

4214839/K 08/2024

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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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com
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