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5 Pin Configuration and Functions

DGK Package

8-Pin VSSOP
Top View
4 )
@)
10UT 1 8 Vect
1IN- 2 7 20UT
1IN+ 3 6 2IN-
Voo | 4 5 | ] ame
\. J
Not to scale
Pin Functions
PIN
I/0 DESCRIPTION
NO. NAME
1 10UT (0] Output of amplifier 1
2 1IN- | Inverting input of amplifier 1
3 1IN+ | Non-inverting input of amplifier 1
4 Vee— | Negative power supply
5 2IN+ | Non-inverting input of amplifier 2
6 2IN- | Inverting input of amplifier 2
7 20UT (0] Output of amplifier 2
8 Vet | Positive power supply
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Vees — Vee- Supply voltage @ 0 6 Y
Vip Differential input voltage ©) Supply \Y
voltage
T; Operating virtual-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) All voltage values (except differential voltages and V¢ specified for the measurement of 1og) are with respect to the network GND.

(3) Differential voltages are at IN+ with respect to IN-.

6.2 ESD Ratings
VALUE UNIT
o Human-body model (HBM), per AEC Q100-002™ 2000
V(Esb) Electrostatic discharge - \%
Charged-device model (CDM), per AEC Q100-011 1000
(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 MAX UNIT
Vee+ — Vee- Supply voltage 2.2 55 \%
T; Operating ambient temperature -40 125 °C
6.4 Thermal Information
LMV722-Q1
THERMAL METRIC® (vgggp) UNIT
8 PINS

Roia Junction-to-ambient thermal resistance 176.3 °C/IW
RoJc(top) Junction-to-case (top) thermal resistance 69.5 °C/W
Ross Junction-to-board thermal resistance 97.7 °C/W
Wit Junction-to-top characterization parameter 12.7 °C/IW
Vi Junction-to-board characterization parameter 96.3 °C/W
RoJc(bot Junction-to-case (bottom) thermal resistance n/a °C/IW

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

report.
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6.5 Electrical Characteristics Ve, =2.2V
Vees = 2.2V, Vee- = GND, Vg = Veed/2, Vo = Vee/2, and R > 1 MQ (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
T;=25°C 0.02 3
Vio Input offset voltage mV
T; =-40°C to +125°C 35
TCVo Lnrir;tut offset voltage average T, = 25°C 0.6 uwV/°C
Iis Input bias current T;=25°C 260 nA
lio Input offset current T;=25°C 25 nA
- ) T;=25°C 70 88
CMMR Common-mode rejection ratio Vicr=0V1t013V dB
T;=-40°C to +125°C 64
- . Veer =22V 105V Ty=25°C 80 90
PSRR  Power-supply rejection ratio ce+ dB
PRy el Vo =0, Vicg =0 T, = —40°C to +125°C 70
CMRR =50 dB T;=25°C -0.3
V\cr Input common-mode voltage Y
T;=25°C 1.3
RL =600 Q, T;=25°C 75 81
, , Vo=0.75Vto2V T; =—40°C to +125°C 70
Avp Large-signal voltage gain dB
R =2kQ, T;=25°C 75 84
Vo=05Vto21V T; = —40°C to +125°C 70
T;=25°C 2.090 2.125
R, =600 Qto VCC+/2
Ty =-40°C to +125°C 2.065
T;=25°C 0.071 0.120
. T; =-40°C to +125°C 0.145
Vo Output swing \%
T;=25°C 2.150 2.177
R .=2 kQ to VCC+/2
T; =-40°C to +125°C 2.125
T;=25°C 0.056 0.080
Ty =-40°C to +125°C 0.105
Sourcing, Vo =0V T;=25°C 10 14.9
Vingify = 0.5 V Ty = —-40°C to +125°C 5
lo Output current 0 mA
Sinking, Vo = 2.2V Ty;=25°C 10 17.6
Vingify = 0.5 V Ty = —40°C to +125°C 5
| S | t T;=25°C 1.81 2.4 A
u curren m
e PPy T, = —40°C to +125°C 2.6
SR Slew rate® T;=25°C 4.9 Vips
GBW Gain bandwidth product T;=25°C 10 MHz
D, Phase margin T;=25°C 67.4 °
Gn Gain margin T;=25°C -9.8 dB
Vi, Input-referred voltage noise f=1KkHz T;=25°C 11 nV/iVHz
In Input-referred current noise f=1kHz T;=25°C 0.3 pAHzZ
- . f=1kHz, AV =1, — oro 0
THD Total harmonic distortion Ry = 600 Q, Vo = 500 mVp, T;=25°C 0.004%

(1) Connected as voltage follower with 1-V step input. Number specified is the slower of the positive and negative slew rate.
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6.6 Electrical Characteristics Vg, =5V
Vees =5V, Vee- = GND, Vicr = Vee/2, Vo = Veed/2, and R, > 1 MQ (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
T;=25°C -0.08 3
Vio Input offset voltage mV
T;=-40°C to +125°C 35
TCV|o Input offset voltage average drift T;=25°C 0.6 uv/ec
Iis Input bias current T;=25°C 260 nA
lio Input offset current T;=25°C 25 nA
. i Vicr = OVto4d4.1lVv T;= 25°C 80 89
CMMR  Common-mode rejection ratio dB
Vicr=0Vto4.1V T; = —40°C to +125°C 75
veer 222 V105V, T, = 25°C 70 90
PSRR  Power-supply rejection ratio VO ’2 ;Tlt 5y dB
CcC+ = 4. o) ) — _40° o
Vo =0, Vicg = 0 T; =-40°C to +125°C 64
CMRR 250 dB T;=25°C -0.3
Vicr Input common-mode voltage \%
T;=25°C 4.1
R, =600 Q, T;=25°C 80 87
_ _ Vo=0.75V104.8V T; = —-40°C to +125°C 70
Avp Large-signal voltage gain dB
R, =2 kQ, T;=25°C 80 94
Vo=07V1to49V T; = —40°C to +125°C 70
Ty=25°C 4.84  4.882
RL =600 Q to VCC+/2
T; =-40°C to +125°C 4.815
T;=25°C 0.134 0.19
. T, =-40°C to +125°C 0.215
Vo Output swing \%
T;=25°C 493 4952
RL =2kQto VCC+/2
T;=-40°C to +125°C 4.905
T;=25°C 0.076  0.11
T, =-40°C to +125°C 0.135
Sourcing, Vo =0V, T,=25°C 20 52.6
Vinif) = #0.5 V T; = -40°C to +125°C 12
lo Output current " mA
Sinking, Vo = 2.2V, T;=25°C 15 23.7
Vinif) = #0.5 V T; = -40°C to +125°C 8.5
| Supol X T;=25°C 2.01 24 A
u curren m
ce PPy T, = —40°C to +125°C 2.8
SR Slew rate® T;=25°C 5.25 Vips
GBW Gain bandwidth product T;=25°C 10 MHz
D, Phase margin T;=25°C 72 °
Gnm Gain margin T;=25°C -11 dB
A Input-referred voltage noise f=1kHz T;=25°C 10.5 nV/iHz
In Input-referred current noise f=1kHz T;=25°C 0.2 pANHz
L . f=1kHz, AV =1, — 5Eo 0,
THD Total harmonic distortion Ry = 600 Q, Vo = 500 mV,, T;=25°C 0.001%

(1) Connected as voltage follower with 1-V step input. Number specified is the slower of the positive and negative slew rate.

Copyright © 2017-2018, Texas Instruments Incorporated


http://www.tij.co.jp/product/lmv722-q1?qgpn=lmv722-q1
http://www.tij.co.jp

I,

TEXAS
INSTRUMENTS

www.tij.co.jp

LMV722-Q1
JAJSDJLA —JUNE 2017-REVISED JANUARY 2018

6.7 Typical Characteristics
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Typical Characteristics (continued)
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7. Input Offset Voltage vs Input Common-Mode Voltage
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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Typical Characteristics (continued)
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7 Detailed Description

7.1 Overview

The LMV722-Q1 is a low-power, low-noise, rail-to-rail output op amp. This device is AEC-Q100 qualified for
automotive applications. The LMV722-Q1 operates from a single 2.2 V to 5.5 V supply, is unity-gain stable, and
is suitable for a wide range of general-purpose applications. The input common-mode voltage range includes
ground. Rail-to-rail input and output swing significantly increases dynamic range in low-supply applications and
makes applications suitable for driving sampling analog-to-digital converters (ADCs). The small footprints of the
LMV722-Q1 package saves space on printed-circuit boards and enables good signal integrity and noise
performance during the design of smaller electronic products, such as automotive head units.

7.2 Functional Block Diagram

IN-——
%OUT
IN+————3

7.3 Feature Description

7.3.1 Low Noise

The LMV722-Q1 device is a general-purpose op amp that provides low noise of 10.5 nV/YHz and a wide
bandwidth of 10 MHz. The low noise and wide bandwidth make the LMV722-Q1 device attractive for a variety of
precision applications that require a good balance between cost and performance.

7.3.2 Rail-to-Rail Output

Rail-to-rail output swing provides maximum possible dynamic range at the output. This is particularly important
when operating on low-supply voltages.

7.3.3 Input Includes Ground

This feature allows direct sensing near GND in a single-supply operation.

7.3.4 Signal Integrity

Signals pick up noise between the signal source and the amplifier. By using a physically smaller amplifier
package, such as the 8-pin VSSOP (DGK), the LMV722-Q1 can be placed closer to the signal source; reducing
noise pickup and increasing signal integrity.

7.4 Device Functional Modes

The only mode available for the LMV722-Q1 device is on.

12 Copyright © 2017-2018, Texas Instruments Incorporated
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8 Application and Implementation

x

/:

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

8.1 Application Information

The LMV722-Q1 features 10-MHz bandwidth and 5.25-V/us slew rate providing good AC performance at very-
low-power consumption. DC applications are well served with a very-low input noise voltage of 10.5 nV / VHz at 1
kHz, low input bias current, and a typical input offset voltage of 0.02 mV.

8.2 Typical Application

K| 26 shows the LMV722-Q1 configured in a low-side current sensing application.

ths

LMV722

VOUT

Copyright © 2017, Texas Instruments Incorporated

K 26. LMV722-Q1 in a Low-Side, Current-Sensing Application

8.2.1 Design Requirements

The design requirements for this design are:
* Loadcurrent: 0Ato 1A
e Output voltage: 4.9V
e Maximum shunt voltage: 100 mV

Copyright © 2017-2018, Texas Instruments Incorporated 13


http://www.tij.co.jp/product/lmv722-q1?qgpn=lmv722-q1
http://www.tij.co.jp

13 TEXAS

INSTRUMENTS
LMV722-Q1
JAJSDJ1A —JUNE 2017—-REVISED JANUARY 2018 WwWw.tij.co.jp
Typical Application (continued)
8.2.2 Detailed Design Procedure
The transfer function of the circuit in & 26 is given in = 1
Vourt =lLoap *Rspunt xGain (1)

The load current (I oap) produces a voltage drop across the shunt resistor (RsyunT). The load current is set from
0 Ato 1 A. To keep the shunt voltage below 100 mV at maximum load current, the largest shunt resistor is
defined using = 2.
V.

SHUNT_MAX _ 100mV —100mQ
lLoaD maXx 1A %)

RSHUNT =

Using = 2, Rgyunt is calculated to be 100 mQ. The voltage drop produced by I oap and Rgyunt is amplified by
the LMV722-Q1 to produce an output voltage of roughly 0 V to 4.9 V. The gain needed by the LMV722-Q1 to
produce the necessary output voltage is calculated using =\ 3:

V -V
Gain:( OUT _MAX OUT_MIN)

(VIN_MAX _VIN_MIN) 3)

Using 3\ 3, the required gain is calculated to be 49 V/V, which is set with resistors R and Rg. =% 4 is used to
size the resistors, Rg and Rg, to set the gain of the LMV722-Q1 to 49 V/V.

(Re)
(Rg) “

Choosing Rg as 57.6 kQ and Rg as 1.2 kQ provides a combination that equals roughly 49 V/V. K 27 shows the
measured transfer function of the circuit shown in K| 26.

Gain =1+

8.2.3 Application Curve

w

Output (V)

N

0

0 0.2 0.4 0.6 0.8 1

ILOAD (A)
K 27. Low-Side, Current-Sense, Transfer Function
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9 Power Supply Recommendations

The LMV722-Q1 series 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 presents parameters that can exhibit significant variance with regard to
operating voltage or temperature.

EE

Supply voltages larger than 6 V can permanently damage the device; see the Absolute
Maximum Ratings table.

Place 0.1-pF 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 the section.

9.1 Input and ESD Protection

The LMV722-Q1 incorporates internal ESD protection circuits on all pins. For input and output pins, this
protection primarily consists of current-steering diodes connected between the input and power-supply pins.
These ESD protection diodes provide in-circuit, input overdrive protection, as long as the current is limited to 10-
mA, as stated in the Layout Guidelines table. & 28 shows how a series input resistor can be added to the driven
input to limit the input current. The added resistor contributes thermal noise at the amplifier input and the value
must be kept to a minimum in noise-sensitive applications.

loverLoAD
10-mA maximum
E—

B 28. Input Current Protection

Copyright © 2017-2018, Texas Instruments Incorporated 15
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10 Layout

10.1 Layout Guidelines

For best operational performance of the device, use good printed circuit board (PCB) layout practices, including:

Noise can propagate into analog circuitry through the power pins of the circuit as a whole and of op amp
itself. Bypass capacitors are used to reduce the coupled noise by providing low-impedance power
sources local to the analog circuitry.

— Connect low-ESR, 0.1-uF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from V+ to ground is applicable for single-
supply applications.

Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective

methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground

planes. A ground plane helps distribute heat and reduces electromagnetic interference (EMI) noise
pickup. Make sure to physically separate digital and analog grounds, paying attention to the flow of the
ground current. For more detailed information refer to, see Circuit Board Layout Techniques.

In order to reduce parasitic coupling, run the input traces as far away from the supply or output traces as
possible. If these traces cannot be kept separate, crossing the sensitive trace perpendicular is much
better as opposed to in parallel with the noisy trace.

Place the external components as close to the device as possible. As illustrated in K 30, keeping RF and
RG close to the inverting input minimizes parasitic capacitance on the inverting input.

Keep the length of input traces as short as possible. Always remember that the input traces are the most
sensitive part of the circuit.

Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly
reduce leakage currents from nearby traces that are at different potentials.

Cleaning the PCB following board assembly is recommended for best performance.

Any precision integrated circuit can experience performance shifts resulting from moisture ingress into the
plastic package. Following any aqueous PCB cleaning process, baking the PCB assembly is
recommended to remove moisture introduced into the device packaging during the cleaning process. A
low-temperature, post-cleaning bake at 85°C for 30 minutes is sufficient for most circumstances.

16
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10.2 Layout Example
V- V-
c3
— GND
< OUTPUT A N OUTPUT B
iNPUT A ——» 4 R3A | INPUT B — {7 R3B
2 AN * 6,
P> u1A g
ca c2A C2B
' I
v+ = GND — GND Ve — GND
R1A R1B
A% A%
C1A C1B
[ [
I I
% R2A % R2B
— GND — GND

29. Schematic Representation for & 30

L L ]

r .r'r“——| [
P

; -
] L

30. Layout Example

Copyright © 2017-2018, Texas Instruments Incorporated
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The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.
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E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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11.6 Glossary

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
LMV722QDGKRQ1 Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 R6EQ
LMV722QDGKRQ1.A Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 R6EQ

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

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

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

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI'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. TI 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.

OTHER QUALIFIED VERSIONS OF LMV722-Q1 :
o Catalog : LMV722
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NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| A0 |<—
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 0O O 0O 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
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LMV722QDGKRQ1 VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMV722QDGKRQ1 VSSOP DGK 8 2500 366.0 364.0 50.0
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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

02
| Soacl— -

FPIN 1 INDEX AREA SEATING
‘ PLANE
) 8 6X ,/j\
—] == j T T
—-—] 2% 1l
|
[ ] + ‘ ]
— == |
L ) 5 L 5 0.38 \J/
I N S %0130 [c[ale]
NOTE 4
\f{ ‘\ 0.23
/
- <¥SEE DETAIL A o
1.1 MAX

L 0.15

0.05

DETAIL A
TYPICAL

4214862/A 04/2023

NOTES: PowerPAD is a trademark of Texas Instruments.

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

2. This drawing is subject to change without notice.

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

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

5. Reference JEDEC registration MO-187.
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EXAMPLE BOARD LAYOUT
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

Tsx (1.4) j
1

8X (0.45) 1 [ Y J

SEE DETAILS
‘ (4.4)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ /  OPENING
O |
|
EXPOSED METAL \ * T T——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED) SOLDER MASK DETAILS

4214862/A 04/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

+ r 8X (;.4) j

8X (0.45) 1 [ ]

SOLDER PASTE EXAMPLE
SCALE: 15X

4214862/A 04/2023

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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