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5 Pin Configuration and Functions

DCK Package

D or DGK Package

5-Pin SC70 8
Top View 8-Pin SOIC and VSSOP
Top View
a7 e i e ..
oUT A — — v
= LA,
IN A ouT B
3 4
~IN = — ouTPuT ,
IN A — : — IN B~
v 4 SR
D or PW Package
14-Pin SOIC and TSSOP
Top View
our 4 — N % ot o
w2 N AN A
IN A 3 12 IN D
vt _4] lv_
N gt = 0 et
we _e @L_ .
our B — 2 e
Pin Functions
PIN
DESCRIPTION
NAME 1/O.
+IN | Noninverting Input
—-IN | Inverting Input
ouT (0] Output
V+ P Positive Supply
V- P Negative Supply
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6 Specifications

6.1 Absolute Maximum Ratings

See OO
MIN MAX UNIT

V) differential -300 300 mV
Supply voltage (V¥ - V") 13.2 \%
Voltage at input and output pins V*+0.3 V' -0.3 \Y,
Input current 10 mA
Junction temperature @ 150 °C
Soldering Infrared or convection (20 s) 235 °C
information Wave soldering lead temperature (10 s) 260 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these conditions is not implied. Exposure to absolute-maximum-rated conditions for
extended periods may affect device reliability.

@)

specifications.

(©)

temperature is Pp = (Tymax) - Ta) / Resa- All numbers apply for packages soldered directly onto a PCB.

6.2 ESD Ratings

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

The maximum power dissipation is a function of T;pax), Resa, @nd Ta. The maximum allowable power dissipation at any ambient

VALUE UNIT
v Electrostatic Human-body model (HBM), per AEC Q100-002®) +2000 v
(ESD)  discharge Charged-device model (CDM), per AEC Q100-011 +250

(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

MIN MAX|  UNIT
Temperature -40 125 °C
Supply voltage (V' — V") 2.7 12 \%

(1) The maximum power dissipation is a function of Tjmax), Resa, @nd Ta. The maximum allowable power dissipation at any ambient
temperature is Pp = (Tymax) — Ta) / Reza- All numbers apply for packages soldered directly onto a PCB.

6.4 Thermal Information

LMV84x-Q1
@ DCK (SC70) DGK D (SOIC) PW
THERMAL METRIC (VSSOP) (TSSOP) UNIT
5 PINS 8 PINS 8 PINS 14 PIN 14 PINS

Ro3a Junction-to-ambient thermal resistance @) 269.9 179.2 121.4 85.4 113.3 °C/W
Rojctop) Junction-to-case (top) thermal resistance 93.8 69.2 65.7 43.5 38.9 °C/IW
Rgis Junction-to-board thermal resistance 48.8 99.7 62.0 39.8 56.3 °C/IW
wIT Junction-to-top characterization parameter 2.0 10.0 16.5 9.2 3.1 °C/IW
viB Junction-to-board characterization parameter 47.9 98.3 61.4 39.6 55.6 °C/IW
Rosc(bot) Junction-to-case (bottom) thermal resistance N/A N/A N/A N/A N/A °C/IW
(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
(2) The maximum power dissipation is a function of Tjpax), Reia, @nd Ta. The maximum allowable power dissipation at any ambient

temperature is Pp = (Tymax) - Ta) / Rosa. All numbers apply for packages soldered directly onto a PCB.
4 Copyright © 2017, Texas Instruments Incorporated
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6.5 Electrical Characteristics — 3.3V

Unless otherwise specified, all limits are ensured for T, = 25°C,V*=3.3V,V =0V, Vcy=V*"/2,and R, > 10 MQ to V*/
2.@

PARAMETER TEST CONDITIONS MIN®@ TYP®)  MAX®@| UNIT
-500 +50 500
Vos Input offset voltage uv
at the temperature extremes -800 800
Input offset voltage drift ) 0.5
TCVos pv/°C
at the temperature extremes -5 5
| Input bias current ¥ ©) 0.3 10 A
B at the temperature extremes 300 P
los Input offset current 40 fA
Common-mode rejection ratio 84 112
LMV841-Q1 0VsVem=33V at the temperature 80 dB
extremes
CMRR — -
Common-mode rejection ratio 77 106
LMV842-Q1 and LMV844-Q1 0VsVeys33V at the temperature 75 dB
extremes
27VsVr<12V,Vp=V* 86 108
PSRR  Power supply rejection ratio / 2 -7 $YoT at the temperature ) dB
extremes 8
CMVR Input common-mode voltage CMRR 2 50 dB, at the temperature extremes 01 3.4 v
range
100 123
RL =2kQ
Vo=03Vto3V at the temperature 96 dB
A L anal volt . extremes
arge signal voltage gain
VoL ge sig ge g 100 131
R|_ =10 kQ dB
Vo=02Vt03.1V at the temperature 96
extremes
52 80
RL=2kQto V*/2 at the temperature 120 mv
Output swing high, extremes
(measured from V*) 28 50
RL =10 kQ to V*/2 at the temperature 70 mv
extremes
Vo
65 100
RL=2kQto V*/2 at the temperature 120 mv
Output swing low, extremes
(measured from V7) 33 65
RL =10 kQ to V*/2 at the temperature 75 mv
extremes

(1) Electrical table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device.

(2) Limits are 100% production tested at 25°C. Limits over the operating temperature range are ensured through correlations using
statistical quality control (SQC) method.

(3) Typical values represent the most likely parametric norm as determined at the time of characterization. Actual typical values may vary
over time and will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped
production material.

(4) This parameter is ensured by design and/or characterization and is not tested in production.

(5) Positive current corresponds to current flowing into the device.

Copyright © 2017, Texas Instruments Incorporated 5
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Electrical Characteristics — 3.3 V (continued)

Unless otherwise specified, all limits are ensured for T, = 25°C, V' =3.3V,V =0V, Vcyu=V"/2,and R > 10 MQ to V*/

2.1
PARAMETER TEST CONDITIONS MIN® TYP®)  MAX®@| UNIT
. 20 32
Sourcing Vg = V*/2 mA
VN = 100 mV at the temperature 15
o © extremes
lo Output short-circuit current 20 P
Sinking Vg = V*/2 mA
Vin = -100 mV at the temperature 15
extremes
0.93 15
Is Supply current Per channel at the temperature ) mA
extremes
®) Ay=1,Vo=23Vpp
SR Slew rate 10% to 90% 25 V/us
GBW Gain bandwidth product 4.5 MHz
Dy Phase margin 67 Deg
en Input-referred voltage noise f=1kHz 20 nViHz
Rout Open-loop output impedance f=3 MHz 70 Q
- " . f=1kHz,Ay=1
THD+N Total harmonic distortion + noise R, = 10 kQ 0.005%
Cin Input capacitance 7 pF

(6) The maximum power dissipation is a function of Tjmax), Resa, @nd Ta. The maximum allowable power dissipation at any ambient

temperature is Pp = (Tymax) — Ta) / Resa- All numbers apply for packages soldered directly onto a PCB.

(7) Short circuit test is a momentary test.
(8) Number specified is the slower of positive and negative slew rates.

6.6 Electrical Characteristics -5V
Unless otherwise specified, all limits are ensured for T, = 25°C, V' =5V, V =0V, Veu=V'/2,and R, > 10 MQ to V* /2.

extremes

PARAMETER TEST CONDITIONS MIN® TYP®  MAX@| UNIT
-500 +50 500
Vos Input offset voltage puv
at the temperature extremes —-800 800
TCVos Input offset voltage drift® 035 uv/°C
at the temperature extremes -5 5
0.3 10
I Input bias current®©®) pA
at the temperature extremes 300
los Input offset current 40 fA
c de reiecti i 86 112
ommon-mode rejection ratio
LMV841-Q1 0V<Veys5V gttrheemtg;nperature 80 dB
CMRR
c de reiect i 81 106
ommon-mode rejection ratio
LMV842-Q1 and LMv844-Q1 |90V =Vem=5V at the temperature 79 dB
extremes
27V<SV <12V, Vo= 8 108
PSRR  Power supply rejection ratio V2 - "0 T st the temperature 82 dB

(1) Electrical table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device.

(2) Limits are 100% production tested at 25°C. Limits over the operating temperature range are ensured through correlations using
statistical quality control (SQC) method.

(3) Typical values represent the most likely parametric norm as determined at the time of characterization. Actual typical values may vary
over time and will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped
production material.

(4) This parameter is ensured by design and/or characterization and is not tested in production.

(5) Positive current corresponds to current flowing into the device.

Copyright © 2017, Texas Instruments Incorporated
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Electrical Characteristics — 5V (continued)

Unless otherwise specified, all limits are ensured for T, = 25°C, V* =5V,V =0V, Vou = V*/2,and R, > 10 MQ to V* / 2.0

PARAMETER TEST CONDITIONS MIN® TYP®  MAX®@ | UNIT
CMVR  Input common-mode voltage CMRR 2 50 dB, at the temperature extremes 02 5.0 v
range ’ :
100 125
RL =2kQ dB
Vo=03Vto47V at the temperature %6
A L anal volt ) extremes
arge signal voltage gain
VoL ge sig geg 100 133
RL =10kQ dB
Vo = 0.2V to 4.8V at the temperature 26
extremes
68 100
R.=2kQto V*/2 at the temperature 120 mv
Output swing high, extremes
(measured from V*) 32 50
RL =10 kQ to V*/2 at the temperature 20 mv
extremes
Vo
78 120
RL=2kQto V*/2 at the temperature 140 mv
Output swing low, extremes
(measured from V7) 38 70
RL =10 kQ to V*/2 at the temperature 80 mv
extremes
. . 20 33
Sourcing Vg = V'/2 mA
Vin = 100 mV at the temperature 15
o © @ extremes
lo Output short-circuit current 0 -8
Sinking Vo = V*/2
Vi = 9108 mv at the temperature 15 mA
extremes
0.96 15
Is Supply current Per channel at the temperature ) mA
extremes
®) Ay =1,Vo =4 Vpp
SR Slew rate 10% to 90% 25 V/us
GBW Gain bandwidth product 4.5 MHz
Dy Phase margin 67 Deg
en Input-referred voltage noise f=1kHz 20 nViHz
Rout Open-loop output impedance f=3MHz 70 Q
Total harmonic distortion + f=1kHz, Ay=1 o
THD+N noise R, =10 kQ 0.003%
Cin Input capacitance 6 pF

(6) The maximum power dissipation is a function of Tjpax), Resa, @nd Ta. The maximum allowable power dissipation at any ambient

temperature is Pp = (Tjmax) - Ta) / Resa- All numbers apply for packages soldered directly onto a PCB.

(7) Short circuit test is a momentary test.
(8) Number specified is the slower of positive and negative slew rates.

6.7 Electrical Characteristics — +5-V
Unless otherwise specified, all limits are ensured for T, = 25°C, V* =5V, V = -5V, V¢, =0V, and R, > 10 MQ to V. @

(1) Electrical table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device.

Copyright © 2017, Texas Instruments Incorporated 7
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Electrical Characteristics — £5-V (continued)

Unless otherwise specified, all limits are ensured for T, = 25°C, V* =5V, V = -5V, V¢, =0V, and R_ > 10 MQ to V.

PARAMETER TEST CONDITIONS MIN®  TYP®  MAX®@| UNIT
-500 +50 500
Vos Input offset voltage puv
at the temperature extremes —-800 800
TCVos Input offset voltage drift ) 0.25 vre
at the temperature extremes -5 5 "
| Input bias current 4 ©) 0.3 10 A
B at the temperature extremes 300 P
los Input offset current 40 fA
c de refection rati 86 112
ommon-mode rejection ratio
LMV841-01 ) SVsVeus5V at the temperature 80 dB
extremes
CMRR
c d ot i 86 106
ommon-mode rejection ratio
LMVB42.01 and tMV8aa.01 |5V SVemssV at the temperature 80 dB
extremes
pTV SV < 1o B 86 108
PSRR  Power supply rejection ratio O'\7/V =V =12V, Vo= at the temperature 82 dB
extremes
CMVR  Input common-mode voltage CMRR 2 50 dB 52 5.2 Vv
range
R, =2kQ 100 126
Vo=-47VW0 47V I the temperature % dB
A L anal volt ) extremes
arge signal voltage gain
VoL ge s1g 9e9 R = 10 kQ 100 136
Vo=-48V1048V [ he temperature 96 dB
extremes
95 130
RL=2kQto0V at the temperature 165 mv
Output swing high, extremes
(measured from V*) 44 75
R.=10kQto 0OV at the temperature o5| ™
extremes
Vo
105 160
RL=2kQto0V at the temperature 200 mv
Output swing low, extremes
(measured from V7) 52 80
R.=10kQto 0OV at the temperature 00| ™
extremes
Sourcing Vo =0 V 20 37
ourcin =
Vi = 1090 Y at the temperature 15 mA
o © @ extremes
lo Output short-circuit current
o 20 29
Sinking Vo =0V
Vjy = ~100 mV at the temperature 15 mA
extremes

(2) Limits are 100% production tested at 25°C. Limits over the operating temperature range are ensured through correlations using

statistical quality control (SQC) method.

(3) Typical values represent the most likely parametric norm as determined at the time of characterization. Actual typical values may vary
over time and will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped
production material.

(4) This parameter is ensured by design and/or characterization and is not tested in production.

(5) Positive current corresponds to current flowing into the device.
(6) The maximum power dissipation is a function of Tjpax), Resa, and Ta. The maximum allowable power dissipation at any ambient

temperature is Pp = (Tymax) - Ta) / Rega. All numbers apply for packages soldered directly onto a PCB.
(7) Short circuit test is a momentary test.

Copyright © 2017, Texas Instruments Incorporated
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Electrical Characteristics — £5-V (continued)

Unless otherwise specified, all limits are ensured for T, = 25°C, V* =5V, V = -5V, V¢, =0V, and R_ > 10 MQ to V.

PARAMETER TEST CONDITIONS MIN®  TYP®  MAX®| UNIT
1.03 1.7
Is Supply current Per channel at the temperature ) mA
extremes

SR Slew rate ® L Yoo 9 Ver 25 Vis
GBW Gain bandwidth product 4.5 MHz
D Phase margin 67 Deg
en Input-referred voltage noise f=1kHz 20 nViHz
Rout Open-loop output impedance f=3 MHz 70 Q
THD+N Total harmonic distortion + noise I{ i Eglf() Av=1 0.006%
Cin Input capacitance 3 pF

(8) Number specified is the slower of positive and negative slew rates.

Copyright © 2017, Texas Instruments Incorporated 9


http://www.ti.com/product/lmv841-q1?qgpn=lmv841-q1
http://www.ti.com/product/lmv842-q1?qgpn=lmv842-q1
http://www.ti.com/product/lmv844-q1?qgpn=lmv844-q1
http://www.ti.com

13 TEXAS

INSTRUMENTS
LMV841-Q1, LMV842-Q1, LMV844-Q1
JAJSE16 —~OCTOBER 2017 www.ti.com
6.8 Typical Characteristics
At T, = 25°C, R, = 10 kQ, V5 = 5 V. Unless otherwise specified.
200 T 200 r
Vs =33V I Vs = 5.0V
150 125C / 150
100 -——"/\\{ 85¢C / 100 [——— AN /
50 / -~ \ AN 50 / 7 AN\
s | N~/ s J—e /]
s oA L s oHTE ,
o) o)
N B AN
-100 L\ }/ -100 25T — \
1 \=c
-150 - 1 -150—F /
0T 40T
-200 L -200 -
-1 0 1 2 3 4 -1 0 1 2 3 4 5 6
Vewm (V) Vem (V)
Figure 1. Vog vs Vcym Over Temperature at 3.3 V Figure 2. Vos vs Ve Over Temperature at 5 V
200 ; 200
Vg = 5V
150 150
125C
100 — 100 // —F
\_
F ac /\ 125C
50 85T \ .50 / N
% 0 l/ = = I % 0 85C —
25T
¢ J § LN
- » — B / A\
-100 / -40C -100 25T
e /\/""‘
-150 ~ -150 /
-40C
-200 -200 L
-6 -4 -2 0 2 4 6 2 4 6 8 10 12 14
Vewm (V) VsuppLy (V)
Figure 3. Vgs vs Ve Over Temperature at +5 V Figure 4. Vos vs Supply Voltage
140
200 R = 10 kQ
150
e ——————
130 — RL =2 kQ]
100 / )
4 | m—
< 50 / ; g 120 /
: ., e o
9 33V ] 9 Fa
> /‘4// \ % 110 ,/ / R = 600Q
5V o
-100 - ~ o /
Z/ -V 100 /
150 ( / /
-200 90
-50 -25 0 25 50 75 100 125 0 100 200 300 400 500
TEMPERATURE () OUTPUT SWING FROM RAIL (mV)
Figure 5. Vog Vs Temperature Figure 6. DC Gain vs Voyr
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Typical Characteristics (continued)

At T, = 25°C, R = 10 kQ, Vg = 5 V. Unless otherwise specified.
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Typical Characteristics (continued)

At T, = 25°C, R = 10 kQ, Vg = 5 V. Unless otherwise specified.
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Typical Characteristics (continued)

At T, = 25°C, R = 10 kQ, Vg = 5 V. Unless otherwise specified.
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Figure 23. Channel Separation vs Frequency

Figure 24. Large Signal Step Response With Gain =1
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Typical Characteristics (continued)
At T, = 25°C, R = 10 kQ, Vg = 5 V. Unless otherwise specified.
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Typical Characteristics (continued)

At T, = 25°C, R = 10 kQ, Vg = 5 V. Unless otherwise specified.
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7 Detailed Description

7.1 Overview

The LMV84x-Q1 devices are operational amplifiers with near-precision specifications: low noise, low temperature
drift, low offset, and rail-to-rail input and output. Possible application areas include instrumentation, medical, test
equipment, audio, and automotive applications.

Its low supply current of 1 mA per amplifier, temperature range of —-40°C to +125°C, 12-V supply with CMOS
input, and the small SC70 package for the LMV841-Q1 make the LMV84x-Q1 a unique op amp family and a
perfect choice for portable electronics.

7.2 Functional Block Diagram

IN -
ouT
IN +

\Y

Copyright © 2018, Texas Instruments Incorporated

7.3 Feature Description

7.3.1 Input Protection

The LMV84x-Q1 devices have a set of anti-parallel diodes D; and D, between the input pins, as shown in
Figure 34. These diodes are present to protect the input stage of the amplifier. At the same time, they limit the
amount of differential input voltage that is allowed on the input pins.

A differential signal larger than one diode voltage drop can damage the diodes. The differential signal between
the inputs needs to be limited to £300 mV or the input current needs to be limited to £10 mA.

NOTE
When the op amp is slewing, a differential input voltage exists that forward-biases the
protection diodes. This may result in current being drawn from the signal source. While
this current is already limited by the internal resistors R; and R, (both 130 Q), a resistor of
1 kQ can be placed in the feedback path, or a 500-Q resistor can be placed in series with
the input signal for further limitation.
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Feature Description (continued)

Figure 34. Protection Diodes Between the Input Pins

7.3.2 Input Stage

The input stage of this amplifier consists of both a PMOS and an NMOS input pair to achieve a rail-to-rail input
range. For input voltages close to the negative rail, only the PMOS pair is active. Close to the positive rail, only
the NMOS pair is active. In a transition region that extends from approximately 2 V below V* to 1 V below V*,
both pairs are active, and one pair gradually takes over from the other. In this transition region, the input-referred
offset voltage changes from the offset voltage associated with the PMOS pair to that of the NMOS pair. The input
pairs are trimmed independently to ensure an input offset voltage of less then 0.5 mV at room temperature over
the complete rail-to-rail input range. This also significantly improves the CMRR of the amplifier in the transition
region.

NOTE
The CMRR and PSRR limits in the tables are large-signal numbers that express the
maximum variation of the input offset of the amplifier over the full common-mode voltage
and supply voltage range, respectively. When the common-mode input voltage of the
amplifier is within the transition region, the small signal CMRR and PSRR may be slightly
lower than the large signal limits.

7.4 Device Functional Modes

7.4.1 Driving Capacitive Load

The LMV84x-Q1 can be connected as noninverting unity gain amplifiers. This configuration is the most sensitive
to capacitive loading. The combination of a capacitive load placed on the output of an amplifier along with the
output impedance of the amplifier creates a phase lag, which reduces the phase margin of the amplifier. If the
phase margin is significantly reduced, the response is under-damped, which causes peaking in the transfer.
When there is too much peaking, the op amp might start oscillating.

The LMV84x-Q1 can directly drive capacitive loads up to 100 pF without any stability issues. To drive heavier
capacitive loads, an isolation resistor (R,sg) must be used, as shown in Figure 35. By using this isolation resistor,
the capacitive load is isolated from the output of the amplifier, and hence, the pole caused by C, is no longer in
the feedback loop. The larger the value of R,so, the more stable the output voltage is. If values of Rigo are
sufficiently large, the feedback loop is stable, independent of the value of C,. However, larger values of Rgo
result in reduced output swing and reduced output current drive.
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Device Functional Modes (continued)

Riso

P—’\/\/\f—l— Vout
VIN
T

Figure 35. Isolating Capacitive Load

7.4.2 Noise Performance

The LMV84x-Q1 devices have good noise specifications and are frequently used in low-noise applications.
Therefore it is important to determine the noise of the total circuit. Besides the input-referred noise of the op amp,
the feedback resistors may have an important contribution to the total noise.

For applications with a voltage input configuration, in general it is beneficial general, beneficial to keep the
resistor values low. In these configurations high resistor values mean high noise levels. However, using low
resistor values will increase the power consumption of the application. This is not always acceptable for portable
applications, so there is a trade-off between noise level and power consumption.

Besides the noise contribution of the signal source, three types of noise need to be taken into account for
calculating the noise performance of an op amp circuit:

» Input-referred voltage noise of the op amp
» Input-referred current noise of the op amp
* Noise sources of the resistors in the feedback network, configuring the op amp

To calculate the noise voltage at the output of the op amp, the first step is to determine a total equivalent noise
source. This requires the transformation of all noise sources to the same reference node. A convenient choice for
this node is the input of the op amp circuit. The next step is to add all the noise sources. The final step is to
multiply the total equivalent input voltage noise with the gain of the op amp configuration.

If the input-referred voltage noise of the op amp is already placed at the input, the user can use the input-
referred voltage noise without further transferring. The input-referred current noise needs to be converted to an
input-referred voltage noise. The current noise is negligibly small, as long as the equivalent resistance is not
unrealistically large, so the user can leave the current noise out for these examples. That leaves the user with
the noise sources of the resistors, being the thermal noise voltage. The influence of the resistors on the total
noise can be seen in the following examples, one with high resistor values and one with low resistor values. Both
examples describe an op amp configuration with a gain of 101 which gives the circuit a bandwidth of 44.5 kHz.
The op amp noise is the same for both cases, that is, an input-referred noise voltage of 20 nV/VHz and a
negligibly small input-referred noise current.

€nin —0

RF

Re

1 ||_Wv

Figure 36. Noise Circuit
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Device Functional Modes (continued)

To calculate the noise of the resistors in the feedback network, the equivalent input-referred noise resistance is
needed. For the example in Figure 36, this equivalent resistance R, can be calculated using Equation 1:
eq
RF + RG (1)

The voltage noise of the equivalent resistance can be calculated using Equation 2:

€nr = [4kTReq

where
. e, = thermal noise voltage of the equivalent resistor
. Req (VVHz)
. k = Boltzmann constant (1.38 x 10722 J/K)
. T = absolute temperature (K)
. Req = resistance (Q) 2
The total equivalent input voltage noise is given by Equation 3:

_ 2 2
€nin =\NCnv t+Enr

where
* e, = total input equivalent voltage noise of the circuit
e e, = input voltage noise of the op amp 3)

The final step is multiplying the total input voltage noise by the noise gain using Equation 4, which is in this case
the gain of the op amp configuration:

€nout =€nin X Anoise 4)
The equivalent resistance for the first example with a resistor Rg of 10 MQ and a resistor Rg of 100 kQ at 25°C
(298 K) equals Equation 5:

Roq = Re xRg _ 10 MQ %100 kQ 99 kO

Re+Rz 10 MQ+100 kQ (5)

Now the noise of the resistors can be calculated using Equation 6, yielding:

enr = \J4KTRqq

=4 x1.38x10"22 J/K x 298K x 99 kO

=40 nV/<Hz ©)
The total noise at the input of the op amp is calculated in Equation 7:
€nin = \en +en”
= (20 nV/JHz)? + (40 nV/JHz)? = 45 nV/JHz @

For the first example, this input noise, multiplied with the noise gain, in Equation 8 gives a total output noise of:
€n out = €n in % Anoise
=45 nV/~Hz x101=4.5 uV/~Hz ®)
In the second example, with a resistor Rg of 10 kQ and a resistor Rg of 100 Q at 25°C (298 K), the equivalent
resistance equals Equation 9:
Roq = Re xRg _ 10 k©2x100 © _990
Re+Rgz 10 kQ+100Q ©)

The resistor noise for the second example is calculated in Equation 10:
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Device Functional Modes (continued)
6 = J4KTR,,
—\/4x1.38x 1022 J/K x 298 K x99 O
=1nV/vHz (10)

The total noise at the input of the op amp is calculated in Equation 10:
€nin = env2 + enr2
= (20 nV/VHz)? + (1 nV/<JHz )2
=20 nV/VHz (11)

For the second example the input noise, multiplied with the noise gain, in Equation 12 gives an output noise of:

€n out = €n in X Anoise
=20 nV/NHz x101 = 2 uW/~Hz (12)

In the first example the noise is dominated by the resistor noise due to the very high resistor values, in the
second example the very low resistor values add only a negligible contribution to the noise and now the
dominating factor is the op amp itself. When selecting the resistor values, it is important to choose values that do
not add extra noise to the application. Choosing values above 100 kQ may increase the noise too much. Low
values keep the noise within acceptable levels; choosing very low values however, does not make the noise
even lower, but can increase the current of the circuit.

7.5 Interfacing to High Impedance Sensor
With CMOS inputs, the LMV84x-Q1 are particularly suited to be used as high impedance sensor interfaces.

Many sensors have high source impedances that may range up to 10 MQ. The input bias current of an amplifier
loads the output of the sensor, and thus cause a voltage drop across the source resistance, as shown in
Figure 37. When an op amp is selected with a relatively high input bias current, this error may be unacceptable.

The low input current of the LMV84x-Q1 significantly reduces such errors. The following examples show the
difference between a standard op amp input and the CMOS input of the LMV84x-Q1.

The voltage at the input of the op amp can be calculated with Equation 13:
Vine = Vs — Ig X Rg (13)
For a standard op amp, the input bias Ib can be 10 nA. When the sensor generates a signal of 1 V (V) and the
sensors impedance is 10 MQ (Rg), the signal at the op amp input is calculated in Equation 14:
Vy=1V-10nAx10MQ=1V-01V=09V (14)

For the CMOS input of the LMV84x-Q1, which has an input bias current of only 0.3 pA, this would give
Equation 15:

Vn=1V-03pAx10MQ=1V-3pV=0.999997 V (15)

The conclusion is that a standard op amp, with its high input bias current input, is not a good choice for use in
impedance sensor applications. The LMV84x-Q1 devices, in contrast, are much more suitable due to the low
input bias current. The error is negligibly small; therefore, the LMV84x-Q1 are a must for use with high-
impedance sensors.
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Interfacing to High Impedance Sensor (continued)

SENSOR

Figure 37. High Impedance Sensor Interface
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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 rail-to-rail input and output of the LMV84x-Q1 and the wide supply voltage range make these amplifiers ideal
to use in numerous applications. Three sample applications, namely the active filter circuit, high-side current
sensing, and thermocouple sensor interface, are provided in the Typical Applications section.

8.2 Typical Applications

8.2.1 Active Filter Circuit

R3 +

11 2 ?r‘/

Figure 38. Active Band-Pass Filter Implementation

8.2.1.1 Design Requirements

In this example it is required to design a bandpass filter with band-pass frequency of 10 kHz, and a center
frequence of approximately 10% from the total frequence of the filter. This is achieved by cascading two band-
pass filters, A and B, with slightly different center frequencies.

8.2.1.2 Detailed Design Procedure
The center frequency of the separate band-pass filters A, and B can be calculated by Equation 16:
1 [Ri+R;
fmid =5 =55 B

where
e C=33nF
e R1=2KQ
e R2=6.2KQ
« andR3=450 (16)

This gives Equation 17 for filter A:

;oo 1 \/ 2kQ+6.2KQ 5y
nx33 nF\ 2 kQx 6.2 kQx 45 kQ a7
and Equation 18 for filter B with C = 27nF:
;oo 1 \/ 2kQ+62kQ 4o
nx27 nF\ 2 kQx 6.2 kQx 45 kQ (18)

Bandwidth can be calculated by Equation 19:
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Typical Applications (continued)

1
TCR2C
For filter A, this gives Equation 20:
B= L =1.6 kHz
nx6.2 kQx33 nF
and Equation 21 for filter B:
L =1.9 kHz

B:
ntx6.2 kQx27 nF

8.2.1.3 Application Curve

(19)

(20)

(1)

The responses of filter A and filter B are shown as the thin lines in Figure 39; the response of the combined filter
is shown as the thick line. Shifting the center frequencies of the separate filters farther apart, results in a wider
band; however, positioning the center frequencies too far apart results in a less flat gain within the band. For
wider bands more band-pass filters can be cascaded.

GAIN (dB)

-40

T

FILTER A

FILTER B

TN

AN

\

/AN

iy

X /‘1\

COMBINED

FILTER

_

1k

10k

FREQUENCY (Hz)

Figure 39. Active Band-Pass Filter Curve

NOTE

Use the WEBENCH internet tools at www.ti.com for your filter application.

8.2.2

LOAD | Z

High-Side, Current-Sensing Circuit

V+
Re
Rs
Rg
r =

R

R

MWV

Figure 40. High-Side, Current-Sensing Circuit
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Typical Applications (continued)

8.2.2.1 Design Requirements

In this example, it is desired to measure a current between 0 A and 2 A using a sense resistor of 100 mQ, and
convert it to an output voltage of 0 to 5 V. A current of 2 A flowing through the load and the sense resistor results
in a voltage of 200 mV across the sense resistor. The op amp amplifies this 200 mV to fit the current range to the
output voltage range.

8.2.2.2 Detailed Design Procedure

To measure current at a point in a circuit, a sense resistor is placed in series with the load, as shown in
Figure 40. The current flowing through this sense resistor results in a voltage drop, that is amplified by the op
amp. The rail-to-rail input and the low Vg features make the LMV84x-Q1 ideal op amps for high-side, current-
sensing applications.

The input and the output relation of the circuit is given by Equation 22:
Vour = Re/Rg % Veense (22)
For a load current of 2 A and an output voltage of 5 V the gain would be Vqut / Vsense = 25.

If the feedback resistor, Rg, is 100 kQ, then the value for Rg is 4 kQ. The tolerance of the resistors has to be low
to obtain a good common-mode rejection.

8.2.3 Thermocouple Sensor Sighal Amplification

Figure 41 is a typical example for a thermocouple amplifier application using an LMV841-Q1, LMV842-Q1, or
LMV844-Q1. A thermocouple senses a temperature and converts it into a voltage. This signal is then amplified
by the LMV841-Q1, LMV842-Q1, or LMV844-Q1. An ADC can then convert the amplified signal to a digital
signal. For further processing the digital signal can be processed by a microprocessor, and can be used to
display or log the temperature, or the temperature data can be used in a fabrication process.

Cold junction Temperature

LM35 RG Re

|—'VW * MV
Metal A

< N Copper Re -
N

Amplified
Copper Thermocouple
Output

Metal B
Thermocouple

RF

Cold junction Reference

Figure 41. Thermocouple Sensor Interface

8.2.3.1 Design Requirements

In this example it is desired to measure temperature in the range of 0°C to 500°C with a resolution of 0.5°C using
a K-type thermocouple sensor. The power supply for both the LMV84x-Q1 and the ADC is

3.3V.

8.2.3.2 Detailed Design Procedure

A thermocouple is a junction of two different metals. These metals produce a small voltage that increases with
temperature. A K-type thermocouple is a very common temperature sensor made of a junction between nickel-
chromium and nickel-aluminum. There are several reasons for using the K-type thermocouple. These include
temperature range, the linearity, the sensitivity, and the cost.
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Typical Applications (continued)

A K-type thermocouple has a wide temperature range. The range of this thermocouple is from approximately
—200°C to approximately 1200°C, as can be seen in Figure 42. This covers the generally used temperature
ranges.

Over the main part of the range the behavior is linear. This is important for converting the analog signal to a
digital signal. The K-type thermocouple has good sensitivity when compared to many other types; the sensitivity
is 41 uV/°C. Lower sensitivity requires more gain and makes the application more sensitive to noise. In addition,
a K-type thermocouple is not expensive, many other thermocouples consist of more expensive materials or are
more difficult to produce.

50

40 /'

30 /

/|

\

20 F=———1

10 /

v

0

THERMOCOUPLE VOLTAGE (mV)

-10
-200 0 200 400 600 800 1000 1200

TEMPERATURE (<)

Figure 42. K-Type Thermocouple Response

The temperature range of 0°C to 500°C results in a voltage range from 0 mV to 20.6 mV produced by the
thermocouple. This is shown in Figure 42.

To obtain the best accuracy the full ADC range of 0 to 3.3 V is used and the gain needed for this full range can
be calculated Equation 23:

Ay = 3.3V /0.0206 V = 160 (23)

If Rg is 2 kQ, then the value for Rg can be calculated with this gain of 160. Because Ay = Rg / Rg, Re can be
calculated in Equation 24:

Re = Ay X Rg = 160 x 2 kQ = 320 kQ (24)

To achieve a resolution of 0.5°C a step smaller than the minimum resolution is needed. This means that at least
1000 steps are necessary (500°C/0.5°C). A 10-bit ADC would be sufficient as this gives 1024 steps. A 10-bit
ADC such as the two channel 10-bit ADC102S021 would be a good choice.

At the point where the thermocouple wires are connected to the circuit on the PCB unwanted parasitic
thermocouple is formed, introducing error in the measurements of the actual thermocouple sensor.

Using an isothermal block as a reference will compensate for this additional thermocouple effect. An isothermal
block is a good heat conductor. This means that the two thermocouple connections both have the same
temperature. The temperature of the isothermal block can be measured, and thereby the temperature of the
thermocouple connections. This is usually called the cold junction reference temperature. In the example, an
LM35 is used to measure this temperature. This semiconductor temperature sensor can accurately measure
temperatures from —55°C to 150°C.

The ADC in this example also coverts the signal from the LM35 to a digital signal, hence, the microprocessor can
compensate for the amplified thermocouple signal of the unwanted thermocouple junction at the connector.
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9 Power Supply Recommendations

The LMV84x-Q1 is specified for operation from 2.7 V to 12 V (¥1.35 V to +6 V) over a —40°C to 125°C
temperature range. Parameters that can exhibit significant variance with regard to operating voltage or
temperature are presented in the Absolute Maximum Ratings.

CAUTION
Supply voltages larger than 13.2 V can permanently damage the device.

For proper operation, the power supplies must be properly decoupled. For decoupling the supply lines, TI
suggests placing 10-nF capacitors as close as possible to the operational amplifier power supply pins. For single
supply, place a capacitor between V* and V- supply leads. For dual supplies, place one capacitor between V*
and ground, and one capacitor between V™ and ground.

10 Layout

10.1 Layout Guidelines

* The V+ pin must be bypassed to ground with a low-ESR capacitor.

» The optimum placement is closest to the V+ and ground pins.

» Take care to minimize the loop area formed by the bypass capacitor connection between V+ and ground.
» The ground pin must be connected to the PCB ground plane at the pin of the device.

» The feedback components must be placed as close to the device as possible to minimize strays.

10.2 Layout Example
Place components close to

device and to each other to
reduce parasitic error VOUTA

Place low-ESR ceramic
bypass capacitor close to
device

Run the input traces as
far away from the supply
lines as possible

Place low-ESR ceramic i
bypass capacitor close to G
device VS-

Figure 43. Layout Example (Top View)
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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 ©)
@ ©)

LMV841QMG/NOPB Active Production SC70 (DCK) | 5 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 ATA
LMV841QMG/NOPB.A Active Production SC70 (DCK) | 5 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 ATA
LMV841QMGX/NOPB Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 ATA

LMV841QMGX/NOPB.A Active Production SC70 (DCK) | 5 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 ATA
LMV842QMA/NOPB Active Production SOIC (D) | 8 95 | TUBE Yes SN Level-1-260C-UNLIM -40 to 125 LMV84
2QMA
LMV842QMA/NOPB.A Active Production SOIC (D) | 8 95 | TUBE Yes SN Level-1-260C-UNLIM -40 to 125 LMV84
2QMA

LMV842QMAX/NOPB Active Production SOIC (D) | 8 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LMV84

2QMA
LMV842QMAX/NOPB.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 LMV84
2QMA

LMV842QMM/NOPB Active Production VSSOP (DGK) | 8 1000 | SMALL T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 AATA
LMV842QMM/NOPB.A Active Production VSSOP (DGK) | 8 1000 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 AATA
LMV842QMMX/NOPB Active Production VSSOP (DGK) | 8 3500 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 AATA

LMV842QMMX/NOPB.A Active Production VSSOP (DGK) | 8 3500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 AATA
LMV844QMA/NOPB Active Production SOIC (D) | 14 55 | TUBE Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 LMV844
QMA

LMV844QMA/NOPB.A Active Production SOIC (D) | 14 55| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 LMV844
QMA

LMV844QMAX/NOPB Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 LMV844
QMA

LMV844QMAX/NOPB.A Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 LMV844
QMA

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

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

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.
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® | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

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

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

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

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

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

OTHER QUALIFIED VERSIONS OF LMV841-Q1, LMV842-Q1, LMV844-Q1 :
o Catalog : LMV841, LMV842, LMV844

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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PACKAGE OUTLINE
SOIC - 1.75 mm max height
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DETAIL A
TYPICAL
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NOTES:

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

. This drawing is subject to change without notice.

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

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.43 mm, per side.

. Reference JEDEC registration MS-012, variation AB.
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EXAMPLE BOARD LAYOUT

DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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SOLDER MASK DETAILS
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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
DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X
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NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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DCKOOO5A

PACKAGE OUTLINE
SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR
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NOTES:
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o bhwWN

per ASME Y14.5M.

. This drawing is subject to change without notice.
. Refernce JEDEC MO-203.

. Support pin may differ or may not be present.

. Lead width does not comply with JEDEC.

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

0.25mm per side

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

i

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT
DCKOOO5A SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR
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NOTES: (continued)

7. Publication IPC-7351 may have alternate designs.
8. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DCKOOO5A SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR
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NOTES: (continued)

9. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
10. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
SOIC - 1.75 mm max height
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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.
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT
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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
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SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X
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NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height
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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
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(PREFERRED) SOLDER MASK DETAILS
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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
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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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