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LMC6484 CMOS Quad Rail-to-Rail Input and Output Operational Amplifier

1 Features
» Rail-to-Rail Input Common-Mode Voltage Range
(Specified Over Temperature)

¢ Rail-to-Rail Output Swing (Within 20 mV of Supply
Rail, 100-kQ Load)

e Assured 3-V, 5-V and 15-V Performance
¢ Excellent CMRR and PSRR: 82 dB

e Ultra Low Input Current: 20 fA

* High Voltage Gain (R_ = 500 kQ): 130 dB
¢ Specified for 2-kQ and 600-Q Loads

2 Applications

« Data Acquisition Systems

e Transducer Amplifiers

e Hand-Held Analytic Instruments
e Medical Instrumentation

e Active Filter, Peak Detector, Sample and Hold, pH
Meter, Current Source

¢ Improved Replacement for TLC274, TLC279

3 Description

The LMC6484 device provides a common-mode
range that extends to both supply rails. This rail-to-rail
performance combined with excellent accuracy, due
to a high CMRR, makes it uniqgue among rail-to-rail
input amplifiers.

It is ideal for systems, such as data acquisition, that
require a large input signal range. The LMC6484 is
also an excellent upgrade for circuits using limited
common-mode range amplifiers such as the TLC274
and TLC279.

Maximum dynamic signal range is assured in low
voltage and single-supply systems by the rail-to-rail
output swing of the LMC6484. The rail-to-rail output
swing of the LMC6484 is ensured for loads down to
600 Q.

Specified low voltage characteristics and low power
dissipation make the LMC6484 especially well-suited
for battery-operated systems.

See the LMC6482 (SNOS674) data sheet for a dual
CMOS operational amplifier with these same
features.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
SOIC (14) 8.65 mm x 3.91 mm
LMC6484
PDIP (14) 19.177 mm x 6.35 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Single-Ended Unity Gain Buffer
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

D or NFF Packages
14-Pin SOIC or PDIP
Top View

O —
B
O —

Pin Functions

PIN
TYPE DESCRIPTION
NO. NAME
OUTPUT1 (@] Output for Amplifier 1
INVERTING INPUT1 | Inverting input for Amplifier 1
NONINVERTING . - -
3 INPUT1 | Noninverting input for Amplifier 1
4 V+ P Positive voltage supply pin
NONINTERTING . _— .
5 INPUT2 | Noninverting input for Amplifier 2
6 INVERTING INPUT2 | Inverting input for Amplifier 2
7 OUTPUT2 (@] Output for Amplifier 2
8 OUTPUT3 (0] Output for Amplifier 3
9 INVERTING INPUT3 | Inverting input for Amplifier 3
NONINVERTING . - .
10 INPUT3 | Noninverting input for Amplifier 3
11 \ P Negative supply voltage pin
NONINVERTING . - -
12 INPUT4 | Noninverting input for Amplifier 4
13 INVERTING INPUT4 | Inverting input for Amplifier 4
14 OUTPUT4 (0] Output for Amplifier 5
Copyright © 2000-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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6 Specifications
6.1 Absolute Maximum Ratings
See®@
MIN MAX UNIT
Differential input voltage +Supply Voltage
Voltage at input/output pin (V7)-03 (VH +0.3 \%
Supply voltage (V* - V) 16 \Y
Current at input pin® +5 mA
Current at output pin®) +30 mA
Current at power supply pin 40 mA
Junction temperature © 150 °C
Storage temperature, Tgy -65 150 °C
(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

@

@)
4)

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.

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

Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings.

Applies to both single supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature can result in
exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of +30 mA over long term may adversely
affect reliability.

(5) Do not short circuit output to V*, when V* is greater than 13 V or reliability will be adversely affected.
(6) The maximum power dissipation is a function of Tjmax), Rega, and Ta. The maximum allowable power dissipation at any ambient
temperature is Pp = (Tymax) = Ta)/Riea- All numbers apply for packages soldered directly into a PC board.
6.2 ESD Ratings
VALUE UNIT
Vesp) Electrostatic discharge ’ Human body model (HBM), per ANSI/ESDA/JEDEC JS-001M @) +2000 \%

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Manufacturing with

less than 500-V HBM is possible with the necessary precautions.

2) Hu_man body model, 1.5-kQ resistor in series with 100 pF. All pins rated per method 3015.6 of MIL-STD-883. This is a class 2 device
rating.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Supply voltage, V+ 3 15.5 \%
) LMC6484AM -55 125 °C
Junction temperature, T;
LMC6484Al, LMC6484I -40 85 °C
6.4 Thermal Information
LMC6484
THERMAL METRIC® D (SOIC) NFF (PDIP) UNIT
14 PINS 14 PINS
Reia Junction-to-ambient thermal resistance 110 70 °C/IW

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

Submit Documentation Feedback Copyright © 2000-2015, Texas Instruments Incorporated
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6.5 DC Electrical Characteristics for LMC6484Al
Unless otherwise specified, all limits specified for T, = 25°C, V* =5V, V' =0V, Vcy=Vo=V72and R_ > 1 M.
PARAMETER TEST CONDITIONS MIN® TYP® MAX® UNIT
0.11 0.75
Vos Input offset mv
voltage At the temperature extremes 1.35
Input offset
TCVos voltage average 1 pv/C
drift
3 0.02
Ig Input current® pA
At the temperature extremes 4
Input offset 0.01
los prr nt® PA
curre At the temperature extremes 2
Common-mode
Cin input capacitance 3 pF
Rin Input resistance >10 Tera Q
OV<sVeysl5V 10 82
<Vewm <
V' =15 \';' At the temperature 67 dB
Common-mode extremes
CMRR I -
rejection ratio 70 82
OVSVeys5V B
Vt=5V At the temperature 67
extremes
Positive power 5VsV'<15V 70 82
+PSRR  supply rejection V =0V At the temperature dB
ratio VO =25V extremes 67
Negative power |-5V <V <-15V 70 82
-PSRR  supply rejection |V*=0V At the temperature dB
ratio Vo =-25V extremes 67
V™ -0.3 -0.25
At the temperature 0 \%
cu range For CMRR 2 50 dB V' +025 V'+03
At the temperature vt v
extremes
140 666
Sourcing | At the vimv
temperature 84
extremes
RL=2kQ®
35 75
Sinking | Atthe VimVv
temperature 20
A Large signal extremes
v voltage gain 80 300
Sourcing | At the VimVv
temperature 48
extremes
R_ = 600 Q®®
20 35
Sinking | Atthe VimVv
temperature 13
extremes

(1) Alllimits are specified by testing or statistical analysis.

(2) Typical values represent the most likely parametric normal.

(3) Specified limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value.
(4) V*=15V,Vcy=7.5V and R_ connected to 7.5 V. For sourcing tests, 7.5 V < Vg < 11.5 V. For sinking tests, 3.5V < Vo< 7.5V.

Copyright © 2000-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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DC Electrical Characteristics for LMC6484Al (continued)
Unless otherwise specified, all limits specified for T, = 25°C, V¥ =5V,V =0V, Vcy=Vo=V72and R_ > 1 M.

PARAMETER TEST CONDITIONS MIN® TYP® MAX® UNIT
4.8 4.9
At the temperature v
. 4.7
Vt=5V extremes
R.=2kQ to V*/2 0.1 0.18
At the temperature v
extremes 0.24
45 4.7
\Y
. At the temperature 424
Vt=5V extremes
R, =600 Qto V*/2 0.3 0.5
At the temperature v
v Outout swi extremes 0.65
utput swin
o p 9 14.4 14.7
At the temperature 14.2 v
. .
Vt=15V extremes
R.=2kQto V*/2 0.16 0.32
At the temperature v
extremes 0.45
134 141
At the temperature 13 v
Vt=15V extremes
R_ =600 Qto V*/2 0.5 1
At the temperature 1.3 v
extremes :
16 20
Sourcing, Vo =0V | At the temperature mA
Output short extremes 12
Isc circuit current
Vf=5V - 11 15
Sinking, mA
Vo=5V At the temperature 9.5
extremes '
28 30
Sourcing, Vo =0V | At the temperature mA
Output short extremes 22
Isc circuit current
Vt=15V i 30 30
Sinking, mA
Vo=12 V0O At the temperature 24
extremes
All four amplifiers 2 2.8
V*= 5V, At the temperature 36 mA
Vo =V'/2 extremes )
Is Supply current
All four amplifiers 26 3
V' = +15V, At the temperature 38 mA
Vo =V'/2 extremes )

(5) When V* is greater than 13 V, do not short circuit output to V* or reliability will be adversely affected.
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6.6 DC Electrical Characteristics for LMC6484I
Unless otherwise specified, all limits specified for T, = 25°C, V* =5V, V' =0V, Vcy=Vo=V72and R_ > 1 M.
PARAMETER TEST CONDITIONS MIN®) TYP® MAX® UNIT
0.11 3
Vos Input offset voltage mV
At the temperature extremes 3.7
Input offset voltage .
TCVos average drift 1 uv/°'c
3 0.02
Ig Input current®) pA
At the temperature extremes 4
Input offset 0.01
los cuerent(‘?’) PA
At the temperature extremes 2
Common-mode
Cin input capacitance 8 PF
Rin Input resistance >10 Tera Q
0V<SVeys15V 65 82 "
cvrr  Common-mode Vi=15V At the temperature extremes 62
rejection ratio OVSVeys<5V 65 82 "
Vi=5V At the temperature extremes 60
iti VAR 65 82
+PSRR Positive power _ 5_\/ sV <15V dB
supply rejection ratio | V™ =0V, Vo = 2.5V | At the temperature extremes 62
Negative power -5V=sV <-15V 65 82
-PSRR e . IVF=0V,Vg=-25 dB
supply rejection ratio v © At the temperature extremes 62
V™ -0.3 -0.25 v
v Input common-mode | V¥ =5V and 15V At the temperature extremes 0
M voltage range For CMRR = 50 dB Vvt +0.25 VY +0.3
\%
At the temperature extremes vt
120 666
Sourcing Atthe
temperature 72
extremes
R =2 kQ®W
35 75
Sinking Atthe
temperature 20
i extremes
Ay Large signal voltage VimvV
gain 50 300
Sourcing Atthe
temperature 30
R, = 600 Q@ extremes
15 35
Sinking Atthe
temperature 10
extremes

(1) Alllimits are specified by testing or statistical analysis.

(2) Typical values represent the most likely parametric normal.

(3) Specified limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value.
(4) V*=15V,Vcy=7.5V and R_ connected to 7.5 V. For sourcing tests, 7.5 V < Vg < 11.5 V. For sinking tests, 3.5V < Vo< 7.5V.
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DC Electrical Characteristics for LMC6484I (continued)
Unless otherwise specified, all limits specified for T, = 25°C, V¥ =5V,V =0V, Vcy=Vo=V72and R_ > 1 M.

PARAMETER TEST CONDITIONS MIN® TYP® MAX® UNIT
4.8 4.9 v
vt=5V At the temperature extremes 4.7
R, =2 kQ to V*/2 0.1 0.18 v
At the temperature extremes 0.24
45 4.7 v
Vt=5V At the temperature extremes 4.24
R, =600 Q to V*/2 0.3 05 v
. At the temperature extremes 0.65
Vo Output swing
144 14.7 v
Vt=15V At the temperature extremes 14.2
R, =2 kQ to V*/2 0.16 0.32 v
At the temperature extremes 0.45
134 141 v
Vt=15V At the temperature extremes 13
R, =600 Q to V*/2 05 v
At the temperature extremes 13
Sourcing, Vo =0V 16 20 A
P ourcing, Vo = m
Output short circuit 9 Yo At the temperature extremes 12
Isc current
vt=5V Sinking, 11 15 A
Vo=5V At the temperature extremes 9.5
Sourcing, Vo =0V 28 0 A
P ourcing, Vg = m
Output short circuit 9 Yo At the temperature extremes 22
Isc current
vt=15V Sinking, 30 30 N
Vo =12 V6 m
o At the temperature extremes 24
All four amplifiers 2 2.8
Vf=+45V mA
Vo = V12 At the temperature extremes 3.6
Is Supply current —
All four amplifiers 2.6 3
VF=+15V mA
Vo = V*12 At the temperature extremes 3.8

(5) When V* is greater than 13 V, do not short circuit output to V* or reliability will be adversely affected.
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6.7 DC Electrical Characteristics for LMC6484M
Unless otherwise specified, all limits specified for T, = 25°C, V* =5V, V' =0V, Vcy=Vo=V72and R_ > 1 M.
PARAMETER TEST CONDITIONS MIN®) TYP® MAX® UNIT
0.11 3
Vos Input offset voltage mV
At the temperature extremes 3.8
Input offset voltage .
TCVos average drift 1 uv/°'c
3 0.02
Ig Input current® pA
At the temperature extremes 100
Input offset 0.01
los cuprrent(3) PA
At the temperature extremes 50
Common-mode
Cin input capacitance 8 PF
Rin Input resistance >10 Tera Q
0V<Veys15V 65 82 "
cvrr  Common-mode V=15V At the temperature extremes 60
rejection ratio 0VSVeys5V 65 8
+ dB
Vi=5V At the temperature extremes 60
Positive power SVsV's15V 65 82
+PSRR L .|V =0V,Vg=25 dB
supply rejection ratio v °© At the temperature extremes 60
Negative power -5VsV £-15V 65 82
-PSRR M . (vt=0V dB
supply rejection ratio Vo=-25V At the temperature extremes 60
V™ -0.3 -0.25 v
v Input common-mode | V¥ =5V and 15V |At the temperature extremes 0
M voltage range For CMRR 2 50 dB Vvt +0.25 VY +0.3
\%
At the temperature extremes vt
120 666
Sourcing | Atthe
temperature 72
" extremes
R, =2kQ®
35 75
Sinking Atthe
temperature 20
i extremes
Ay La!'ge signal voltage VimvV
gan 50 300
Sourcing | Atthe
temperature 30
extremes
R, =600 Q®®
15 35
Sinking | Atthe
temperature 10
extremes

(1) Alllimits are specified by testing or statistical analysis.

(2) Typical values represent the most likely parametric normal.

(3) Specified limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typical value.
(4) V*=15V,Vcy=7.5V and R_ connected to 7.5 V. For sourcing tests, 7.5 V < Vg < 11.5 V. For sinking tests, 3.5V < Vo< 7.5V.
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DC Electrical Characteristics for LMC6484M (continued)
Unless otherwise specified, all limits specified for T, = 25°C, V¥ =5V,V =0V, Vcy=Vo=V72and R_ > 1 M.

PARAMETER TEST CONDITIONS MIN® TYP® MAX® UNIT
4.8 4.9 v
vt=5V At the temperature extremes 4.7
R . =2kQto V*/2 0.1 0.18 v
At the temperature extremes 0.24
4.5 4.7 v
Vt=5V At the temperature extremes 4.24
R, =600 Q to V*/2 0.3 05 v
. At the temperature extremes 0.65
Vo Output swing
14.4 14.7 v
V=15V At the temperature extremes 14.2
R =2kQto V*/2 0.16 0.32 v
At the temperature extremes 0.45
134 14.1 v
V=15V At the temperature extremes 13
R_ =600 Q to V*/2 05 v
At the temperature extremes 1.3
S i V ov 16 20 A
P ourcing, Vo = m
Output short circuit 9 Yo At the temperature extremes 10
Isc current
vVt=5V Sinking, 11 15
_ mA
Vo=5V At the temperature extremes 8
Sourcing, Vo =0V 28 0 A
P ourcing, Vo = m
Output short circuit 9 Yo At the temperature extremes 20
Isc current
vVt=15V Sinking, 30 30 A
Vo=12V®) At the temperature extremes 22
All four amplifiers 2 2.8
Vt=45V mA
Vo = V12 At the temperature extremes 3.8
Is Supply current —
All four amplifiers 2.6 3
vV =+15V, mA
Vo = V12 At the temperature extremes 4
(5) When V* is greater than 13 V, do not short circuit output to V* or reliability will be adversely affected.
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6.8 DC Electrical Characteristics for LMC6484Al
Unless otherwise specified, all limits specified for T, = 25°C, V* =3V, V =0V, Vcy=Vo=V/2and R_ > 1 M.

PARAMETER TEST CONDITIONS MIN® TYP® MAX® | UNIT
0.9 2
Vos Input offset voltage mV
At the temperature extremes 2.7
TCVos Input offset voltage average drift 2 uvrre
Ig Input bias current 0.02 pA
los Input offset current 0.01 PA
CMRR  Common-mode rejection ratio OV<sVeys3V 64 74 dB
PSRR  Power supply rejection ratio 3VsV'<15V,V =0V 68 80 dB
vV Input de volt For CMRR 2 50 dB Vv -02 oL Vv
nput common-mode voltage range or 2
o P gerang V' V4025 v
2.8 \Y
R =2kQ to V*/2
V. Output swi 02 v
utput swin
© P 9 25 2.7 v
R, =600 Qto V*/2
0.37 0.6 \Y
1.65 25
| Supply current All four mA
s amplifiers At the temperature 3
extremes
(1) Alllimits are specified by testing or statistical analysis.
(2) Typical values represent the most likely parametric normal.
6.9 DC Electrical Characteristics for LMC6484I
Unless otherwise specified, all limits specified for T; = 25°C, V* =3V, V =0V, Vcy=Vo=V/2and R_ > 1 M.
PARAMETER TEST CONDITIONS MIN® TYP®@ MAX® | UNIT
0.9 3
Vos Input offset voltage mV
At the temperature extremes 3.7
TCVps Input offset voltage average drift 2 uvi'c
Ig Input bias current 0.02 pA
los Input offset current 0.01 pA
CMRR Common-mode rejection ratio 0V=sVeys3V 60 74 dB
PSRR  Power supply rejection ratio 3VsV'<15V,V =0V 60 80 dB
: V™ -0.25 0 \Y
Ve Input common-mode voltage For CMRR 2 50 dB
range v* V*+0.25 \Y
2.8 \%
R =2kQ to V*/2
V. Output swi 02 v
utput swin
© P g 25 2.7 v
R, =600 Qto V*/2
0.37 0.6 \Y
1.65 2.5
Is Supply current All four amplifiers | At the temperature 3 mA
extremes
(1) All'limits are specified by testing or statistical analysis.
(2) Typical values represent the most likely parametric normal.
Copyright © 2000-2015, Texas Instruments Incorporated Submit Documentation Feedback 11
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6.10 DC Electrical Characteristics for LMC6484M
Unless otherwise specified, all limits specified for T, = 25°C, V* =3V, V =0V, Vcy=Vo=V/2and R_ > 1 M.

PARAMETER TEST CONDITIONS MIN® TYP® MAX®D | UNIT
0.9 3
Vos Input offset voltage mV
At the temperature extremes 3.8
TCVos Input offset voltage average 5 wVIC
drift
Ig Input bias current 0.02 pA
los Input offset current 0.01 pA
CMRR Common-mode rejection ratio [0V <Vgy<3V 60 74 dB
PSRR  Power supply rejection ratio 3VsV'<15V,V =0V 60 80 dB
Input common-mode voltage V™ -025 0] Vv
V For CMRR 2 50 dB
M range Vo VE 4025 v
. 2.8 Y,
R.=2kQto V'/2
v Outout swi 0.2 Y,
utput swin
© P g N 25 2.7 v
R_ =600 Q to V*/2
0.37 0.6 \Y
1.65 25
Is Supply current All four amplifiers | At the temperature mA
extremes 32

(1) Alllimits are specified by testing or statistical analysis.
(2) Typical values represent the most likely parametric normal.
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6.11 AC Electrical Characteristics for LMC6484A

Unless otherwise specified, all limits specified for T, = 25°C, V* =5V, V =0V, Vcy=Vo=V'/2and R_ > 1 M.

PARAMETER TEST CONDITIONS MIN® TYP® MAX®D | UNIT
3 1.3
SR Slew rate® Vigs
At the temperature extremes 0.7
GBW Gain-bandwidth Vi=15V 15 MHz
product
Dy Phase margin 50 Deg
Gnm Gain margin 15 dB
Amplifier-to-amplifier 150 dB
isolation®
e, Ir]noegé—referred voltage | ¢4 iy vy =1V 37 nvyHz
i Ir]noegé—referred current f=1 KHz 0.03 pAVFZ
Total harmonic f=1kHz, Ay = -2, 0
T.H.D. distortion R, =10kQ, Vo = 4.1 Vpp 0.01%
f=10 kHz, Ay = -2,
RL =10 kQ, VO =85 Vpp, 0.01%
Vt=10V

(1) Alllimits are specified by testing or statistical analysis.
(2) Typical values represent the most likely parametric normal.
(3) V*=15V. Connected as voltage follower with 10-V step input. Number specified is the slower of either the positive or negative slew

rates.

(4) Input referred, V* = 15 V and R, = 100 kQ connected to 7.5 V. Each amplifier excited in turn with 1 kHz to produce Vg = 12 Vpp.

6.12 AC Electrical Characteristics for LMC6484l
Unless otherwise specified, all limits specified for T, = 25°C, V* =5V, V" =0V, Vou = Vo = V*/2 and R, > 1M.

PARAMETER TEST CONDITIONS MIN® TYP® MAX® | UNIT
0.9 1.3
SR Slew rate® Vlius
At the temperature extremes 0.63
GBW Gain-bandwidth product Vt=15V 1.5 MHz
Dy, Phase margin 50 Deg
Gm Gain margin 15 dB
grc?lgltlifcl)ir( 4t)o amplifier 150 dB
en Input-referred voltage noise |f=1kHz, Vcy =1V 37 nVvHz
in Input-referred current noise | f = 1 kHz 0.03 pAVHz
T.H.D. Total harmonic distortion I{ i I;gi’QA"VVZ _:2"1'1 Vep 0.01%
f=10 kHz, Ay = -2,
RL =10 kQ, Vg = 8.5 Vpp, 0.01%
vVt=10V

(1) Alllimits are specified by testing or statistical analysis.
(2) Typical values represent the most likely parametric normal.
(3) V*=15V. Connected as Voltage Follower with 10-V step input. Number specified is the slower of either the positive or negative slew

rates.

(4) Input referred, V* = 15 V and R_ = 100 kQ connected to 7.5 V. Each amp excited in turn with 1 kHz to produce Vg = 12 Vpp.
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6.13 AC Electrical Characteristics for LMC6484M
Unless otherwise specified, all limits specified for T, = 25°C, V* =5V, V =0V, Vo, = Vo = V/2 and R, > 1M.

PARAMETER TEST CONDITIONS MIN® TYP® MAX® UNIT
3 0.9 1.3
SR Slew rate® Vips
At the temperature extremes 0.54
GBW Gain-bandwidth product vt=15V 15 MHz
Dy Phase margin 50 Deg
Gn Gain margin 15 dB
Amplifier-to-amplifier isolation® 150 dB
en Input-referred voltage noise f=1kHz, Vey=1V 37 nvvHz
in Input-referred current noise f=1kHz 0.03 pAVHzZ
f=1kHz, Ay=-2
' ' 0.01%
RL =10 kQ, Vo =41 Vpp
T.H.D. Total harmonic distortion f=10 kHz, Ay = -2,
RL =10 kQ, VO =85 Vpp, 0.01%
vt=10V

(1) Alllimits are specified by testing or statistical analysis.
(2) Typical values represent the most likely parametric normal.

(3) V*=15V. Connected as Voltage Follower with 10-V step input. Number specified is the slower of either the positive or negative slew
rates.

(4) Input referred, V* = 15 V and R, = 100 kQ connected to 7.5 V. Each amplifier excited in turn with 1 kHz to produce Vg = 12 Vpp.

6.14 AC Electrical Characteristics, V" =3V,V =0V
Unless otherwise specified, V: =3V, V =0V, Vey=Vo =V /2 and R, > 1M

LMC6484Al, LMC6484l, LMC6484M
PARAMETER TEST CONDITIONS UNIT
MIN® TYP® MAX®
SR Slew rate® 0.9 Vips
GBW Gain-bandwidth product 1 MHz
. . f=10 kHz, Ay = -2, o
T.H.D. Total harmonic distortion RL = 10 kO, Vo = 2 Vpp 0.01%

(1) Alllimits are specified by testing or statistical analysis.
(2) Typical values represent the most likely parametric normal.
(3) Connected as voltage follower with 2-V step input. Number specified is the slower of either the positive or negative slew rates.
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6.15 Typical Characteristics

Vs = 15V, Single Supply, T, = 25°C (unless otherwise specified)

35 |
+125°C
3.0 v
—~ | ——T +85°C
< -
E 25 // £25°C 1
— / |t
=z L1
i 2.0 —SSiC’
(2 |
3 15 —
-
x
a 1.0
S
7
0.5
0.0

0 2 4 6 8 10 12 14 16
SUPPLY VOLTAGE (V)

Figure 1. Supply Current vs Supply Voltage

100

0.1

INPUT CURRENT (pA)
\
\\
N
\\
\
\\.
N

25 50 75 100 125 150

TEMPERATURE (°C)

Figure 2. Input Current vs Temperature

100
10
2 Vg = 15V
E o .
@
e
g o
B mma il i i
0.01
i i
0.001 i i
0.01 0.1 1 10 100

Output Voltage Referenced to Vg (V)

Figure 3. Sourcing Current vs Output Voltage

100
10
=<
E
@
e
g o
0.01
0.001
0.001 0.01 0.1 1 10

Output Voltage Referenced to Vg (V)

Figure 4. Sourcing Current vs Output Voltage

100
10
2
E
@
o
g o
0.01
i)
0.001 I

0.001 0.01 0.1 10

Output Voltage Referenced to Vg )

Figure 5. Sourcing Current vs Output Voltage

100
10
:E(, 1
X
£
n 0.1
0.01
1
I |
0.001 i I

0.01 1 10 100

Output Voltage Referenced to GND (V)

Figure 6. Sinking Current vs Output Voltage
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Typical Characteristics (continued)
Vg =15V, Single Supply, T, = 25°C (unless otherwise specified)
100 = 100
i = i
10
R R i
i i 1 Vg = 3V
x x 1 4
b 5 0.1
= i
0.01
i i
0.001 l Il
0.01 0.1 1 10 0.001 0.01 0.1 1 10

Output Voltage Referenced to GND (V)

Figure 7. Sinking Current vs Output Voltage

Output Voltage Referenced to GND (V)

Figure 8. Sinking Current vs Output Voltage

=
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= J 1
=z
S s ,/ / R = 100kQ
(%]

| | |
E 1]
a
)
3 0 3 6 9 12 15

SUPPLY VOLTAGE (V)

Figure 9. Output Voltage Swing vs Supply Voltage
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Figure 10. Input Voltage Noise vs Frequency
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Figure 11. Input Voltage Noise vs Input Voltage
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Figure 12. Input Voltage Noise vs Input Voltage
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Typical Characteristics (continued)
Vg =15V, Single Supply, T, = 25°C (unless otherwise specified)
80 170 T
| ‘ Vg = 15V
< 70 Ve = 3y —] 160 R = ska [T
|§ s
F = 1kHz
> 60 g !
c = \\
o T = 140 ~
o 50 e NG
=] L~ S 130
1 3 M
S 40 — & 1
5 ]
EA 110
20 100
0 05 1 15 2 25 3 0.1 1.0 10.0
COMMON MODE INPUT VOLTAGE (V) FREQUENCY (kHz)
Figure 13. Input Voltage Noise vs Input Voltage Figure 14. Crosstalk Rejection vs Frequency
170 — T 100 ] |
Ve = 5V L Ve =
160 S L 90 Vg .SV R, = 5k0
R = 5k0 80 t
—~ 150 S 70 | N
@ n. Vg = 3V N
o \ —~ N
Z 140 < = 60 BN
=} N ~ 50 I\
S 130 A =
w N Al 40
=120 30
20
110
10
100 0
0.1 1.0 10.0 1 10 100 1k 10k 100k
FREQUENCY (kHz) FREQUENCY (Hz)
Figure 15. Crosstalk Rejection vs Frequency Figure 16. Positive PSRR vs Frequency
100 ] | 100
90 v = 5V R, = 5k0 90 o |
80 — 80 .
\ "N
70 70
- v = 3v \ . Ve = 15V
g e g 00 R = 5k0
~ 50 < « 50
[
S 40 \\\\ 40
30 ™\ 30
N
20 20
10 10
0 0
1 10 100 1k 10k 100k 10 100 1k 10k 100k
FREQUENCY (Hz) FREQUENCY (Hz)
Figure 17. Negative PSRR vs Frequency Figure 18. CMRR vs Frequency
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Typical Characteristics (continued)
Vg =15V, Single Supply, T, = 25°C (unless otherwise specified)
120 120
Vg = £7.5V Vg = £2.5V
F = 10kHz F = 10kHz
100 RL = 5kQ 100 R = 5ka
] N
@™ 80 @™ 80
= =
o [+
o o
= 60 = 60
40 40
20 20
-7.5-6.0 -4.5-3.0-1.50.01.5 3.0 45 6.0 7.5 -25-20-15-1.0-050.00.5 1.0 1.5 2.0 2.5
INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Figure 19. CMRR vs Input Voltage Figure 20. CMRR vs Input Voltage
120 1.0
Vo = £1.5V
F = 10kHz 08
100 R, = 5kQ 06 Vg = £2.5V
— T 04
_ N =
2 80 ~ 3 0.2
o = 0
o« z
= 60 & -0.2
=z
= -04
(&)
40 -0.6
-0.8
20 -1.0
-1.5-1.2-0.9 -0.6-0.30.00.3 0.6 0.9 1.2 1.5 -3 -2 -1 0 1 2 3
INPUT VOLTAGE (V) Vin (V)
Figure 21. CMRR vs Input Voltage Figure 22. AVps vs CMR
1.0 160 I
0.8 120 HNq /;'
0.6 Vg = £1.5V S e,
e~ < 80 H\1# 0, Vg = £7.5V
[ 0.4 3 AN \\2 .
o 02 - 40 H R %0 N
S . o — = 50
> k.
= 0 =] = 0 0
Wo- = \
s 0.2 40
<< -
g E
-0.6
-0.8 -120
-1.0 -160
-2 =15 -1-05 0 05 1 15 2 -8 -6 -4 -2 0 2 4 6 8
Viy (V) OUTPUT VOLTAGE (V)
Figure 23. AVps vs CMR Figure 24. Input Voltage vs Output Voltage
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Typical Characteristics (continued)

Vg =15V, Single Supply, T, = 25°C (unless otherwise specified)

160 ‘
120
= 15V
= 80 £ Vg = £2.5V
< AN s 50,
I ) S A AN 2 —
L =2 ()
2 ko 2
5 0 =
o LR =50k | =
> <C
—  -40 ©
s}
o
=z -80 20 \
- N\
120 0 \
-160 20
-3 -2 -1 0 1 2 3 0.1 1 10 100 1k 10k 100k 1M 10M
OUTPUT VOLTAGE (V) FREQUENCY (Hz)
Figure 25. Input Voltage vs Output Voltage Figure 26. Open Loop Frequency Response
— —
< <
=z =z
(&) (&)
a a
[ =
o o
o o
2= ES
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Z R = 2kQ / zZ
(%] 1%}
= =
o o
= \ 5
2 \Ve 2 N/
°© v 1V 1 us ) 15 15 1 s
TIME (1 us/DIV) TIME (1 us/DIV)
Figure 27. Noninverting Large Signal Pulse Response Figure 28. Noninverting Large Signal Pulse Response
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= =
2 2 =
EREN E
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% N\ / » I
= =
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o o Y
o 17 17 1 us © SOmV 50mYy 1 us
TIME (1 us/DIV) TIME (1 us/DIV)
Figure 29. Noninverting Large Signal Pulse Response Figure 30. Noninverting Small Signal Pulse Response
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Typical Characteristics (continued)

Vg =15V, Single Supply, T, = 25°C (unless otherwise specified)

INPUT SIGNAL

(50 mV/DIV)
)>—|
I
+
N
w
[}
o
INPUT SIGNAL

(50 mV/DIV)

R = 2kQ

OUTPUT SIGNAL
—

OUTPUT SIGNAL
—

7
50 mv 50mY¥ 1 pus

50 vaO my 1 ps

TIME (1 ps/DIV) TIME (1 ps/DIV)

I
Q
c
=
®

31. Noninverting Small Signal Pulse Response

il
Q
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32. Noninverting Small Signal Pulse Response
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1
(1v/DIV)
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Figure 33. Inverting Large Signal Pulse Response Figure 34. Inverting Large Signal Pulse Response
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Figure 35. Inverting Large Signal Pulse Response Figure 36. Inverting Small Signal Pulse Response

20 Submit Documentation Feedback Copyright © 2000-2015, Texas Instruments Incorporated

Product Folder Links: LMC6484



|

|
I

Distributor of Texas Instruments: Excellent Integrated System Limited

&+ = = Datasheet of LMC6484AIN/NOPB - IC OPAMP GP 1.5MHZ RRO 14DIP
y— _‘_IH_-Tf‘.H Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com
I3 TEXAS
INSTRUMENTS
LMC6484
www.ti.com SNOS675C ~AUGUST 2000—REVISED SEPTEMBER 2015
Typical Characteristics (continued)
Vg =15V, Single Supply, T, = 25°C (unless otherwise specified)
= =
=z =z
[ o
1%} (%)
= [
S >
z = z =
=8 T, = +25°C, -2 Ty = =55°C,
L, f R = 2kQ Lt R = 2k0
= 2 Vd = 3 Vd
s LY s L
(%] 1%}
= =
2 \ g | \
3 \ 3 \
° 50my[50mY¥ 1 us 2 50my |50 my 1 s
TIME (1us/DIV) TIME (1ps/DIV)
Figure 37. Inverting Small Signal Pulse Response Figure 38. Inverting Small Signal Pulse Response
10000 10000
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Figure 39. Stability vs Capacitive Load Figure 40. Stability vs Capacitive Load
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Figure 41. Stability vs Capacitive Load Figure 42. Stability vs Capacitive Load
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Typical Characteristics (continued)
Vg =15V, Single Supply, T, = 25°C (unless otherwise specified)
10000 10000
Ay = +10 Ay = +10
Vg = £7.5V Vg = £7.5V
™ R = 2kQ ™ R = 6000
~ 1000 — 1000
3 g
= = .
= =
2 100 - 2 100 N
: 25% OVERSHOOT
25% OVERSHOOT +— | I | | |
10 I T I | 10

-6-5-4-3-2-10 1 2 3 4 5 6

Figure 43. Stability vs Capacitive Load
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Figure 44. Stability vs Capacitive Load
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7 Detailed Description

7.1 Overview

The LMC6484C is a quad operational amplifier that offers a low cost, low power solution for applications
requiring multiple operational amplifier stages and rail-to-rail operation. It supports a wide supply range (3 V to 15
V) and excellent amplifier-to-amplifer isolation (150 dB typical). It is ideal for battery-powered signal acquisition
systems requiring highly integrated solutions to achieve efficient layout.

7.2 Functional Block Diagram

V+

N —
P
O —

7.3 Feature Description

7.3.1 Amplifier Topology

The LMC6484 incorporates specially designed wide-compliance range current mirrors and the body effect to
extend input common-mode range to each supply rail. Complementary paralleled differential input stages, like the
type used in other CMOS and bipolar rail-to-rail input amplifiers, were not used because of their inherent
accuracy problems due to CMRR, crossover distortion, and open-loop gain variation.

The input stage design of the LMC6484 is complemented by an output stage capable of rail-to-rail output swing
even when driving a large load. Rail-to-rail output swing is obtained by taking the output directly from the internal
integrator instead of an output buffer stage.

7.3.2 Input Common-Mode Voltage Range

Unlike Bi-FET amplifier designs, the LMC6484 does not exhibit phase inversion when an input voltage exceeds

the negative supply voltage. Figure 46 shows an input voltage exceeding both supplies with no resulting phase
inversion on the output.

Figure 45. An Input Voltage Signal Exceeds the LMC6484
Power Supply Voltages With No Output Phase Inversion

The absolute maximum input voltage is 300 mV beyond either supply rail at room temperature. Voltages greatly
exceeding this absolute maximum rating, as in Figure 46, can cause excessive current to flow in or out of the
input pins possibly affecting reliability.
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Feature Description (continued)

Figure 46. A x7.5V Input Signal Greatly Exceeds the 3-V
Supply in Figure 47 Causing No Phase Inversion Due to R,

Applications that exceed this rating must externally limit the maximum input current to £5 mA with an input
resistor as shown in Figure 47.

3V
1
JLMCE484 Vout
V|M _M_ +
RI= 10kQ _

Figure 47. R, Input Current Protection for Voltages Exceeding the Supply Voltage

7.3.3 Rail-to-Rail Output

The approximated output resistance of the LMC6484 is 180-Q sourcing and 130-Q sinking at Vg = 3 V and 110-Q
sourcing and 83-Q sinking at Vg = 5 V. Using the calculated output resistance, maximum output voltage swing
can be estimated as a function of load.

7.4 Device Functional Modes

The LMC6482 may be used in applications where each amplifier channel is used independently, or in
applications in which the channels are cascaded. See Typical Application for more information.
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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 Upgrading Applications

The LMC6484 quads and LMC6482 duals have industry standard pin outs to retrofit existing applications.
System performance can be greatly increased by the features of the LMC6484. The key benefit of designing in
the LMC6484 is increased linear signal range. Most operational amplifiers have limited input common-mode
ranges. Signals that exceed this range generate a non-linear output response that persists long after the input
signal returns to the common-mode range.

Linear signal range is vital in applications such as filters where signal peaking can exceed input common-mode
ranges resulting in output phase inversion or severe distortion.

8.1.2 Spice Macromodel

A spice macromodel is available for the LMC6484. This model includes accurate simulation of the following:
¢ Input common-mode voltage range

* Frequency and transient response

¢« GBW dependence on loading conditions

* Quiescent and dynamic supply current

¢ Output swing dependence on loading conditions

and many more characteristics as listed on the macromodel disk.

Contact your local Texas Instruments sales office to obtain an operational amplifier spice model library disk.

8.2 Typical Application

Re

AAAY
L

Ro

CL

Figure 48. Unity Gain Buffer for High-Capacitive Loads
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Typical Application (continued)

8.2.1 Design Requirements
« For best performance, ensure that the input voltage swing is between V+ and V-.
« Ensure that the input does not exceed the common-mode input range.

e To reduce the risk of de-stabilizing the output, use resistive isolation on the output when driving capacitive
loads (see Capacitive Load Compensation).

* When large feedback resistors are used, it may be necessary to compensate for parasitic capacitance on the
input (see Compensating for Input Capacitance).

8.2.2 Detailed Design Procedure

8.2.2.1 Capacitive Load Compensation

The LMC6484 can typically directly drive a 100-pF load with Vg = 15 V at unity gain without oscillating. The unity
gain follower is the most sensitive configuration. Direct capacitive loading reduces the phase margin of
operational amplifiers. The combination of the output impedance of the operational amplifier and the capacitive
load induces phase lag. This results in either an under-damped pulse response or oscillation.

Capacitive load compensation can be accomplished using resistive isolation as shown in Figure 49. This simple
technique is useful for isolating the capacitive input of multiplexers and A/D converters.

LMC6484

Figure 49. Resistive Isolation of a 330-pF Capacitive Load

AL Qs

ik AD . AR ke
Figure 50. Pulse Response of the LMC6484 Circuit in Figure 49

Improved frequency response is achieved by indirectly driving capacitive loads as shown in Figure 51.
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Typical Application (continued)

Vout
LMC6484
3000

I C_=330pF
Figure 51. LMC6484 Noninverting Amplifier, Compensated to Handle a 330-pF Capacitive Load

R1 and C1 serve to counteract the loss of phase margin by feeding forward the high-frequency component of the
output signal back to the inverting input of the amplifier, thereby preserving phase margin in the overall feedback

loop. The values of R1 and C1 are experimentally determined for the desired pulse response. The resulting pulse
response can be seen in Figure 52.

AL Qs

e NSNS T R————

Figure 52. Pulse Response of LMC6484 Circuit in Figure 51

8.2.2.2 Compensating for Input Capacitance

It is quite common to use large values of feedback resistance with amplifiers that have ultra-low input current,

like the LMC6484. Large feedback resistors can react with small values of input capacitance due to transducers,
photodiodes, and circuit board parasitics to reduce phase margins.
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Typical Application (continued)

Cf
I

R1

VIN—AAA——e
1
1

LMC6484 Vout

CIN ==

1

1

1
e ]

Figure 53. Canceling the Effect of Input Capacitance

The effect of input capacitance can be compensated for by adding a feedback capacitor. The feedback capacitor
(as in Figure 53), Cf, is first estimated by Equation 1:

1 1
>
ZTCR»] C|N 2TCR2 Cf

or

which typically provides significant overcompensation. Printed circuit board stray capacitance may be larger or
smaller than that of a breadboard, so the actual optimum value for C; may be different. The values of Cf should

be checked on the actual circuit. (Refer to the LMC660 Quad CMOS Amplifier data sheet (SNOSBZ3) for a more
detailed discussion.)

8.2.2.3 Offset Voltage Adjustment

Offset voltage adjustment circuits are illustrated in Figure 54 and Figure 55. Large value resistances and

potentiometers are used to reduce power consumption while providing typically £2.5 mV of adjustment range,
referred to the input, for both configurations with Vg = 5 V.
V+ R4

R4
AAA v+

AAA
yyy \A4

<

500 kQ

500 kO

LMC6484
1kQ

500k0 Vour R4 Your _

V-

Figure 54. Inverting Configuration

Figure 55. Noninverting Configuration
Offset Voltage Adjustment

Offset Voltage Adjustment
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Typical Application (continued)
8.2.3 Application Curves

120 :
R = 500k0 | ]
100 ——g
80 RLm Vs = 3V
~ 50 f—— \\
G R = 6000
S 4
3 20 N\
0
-20
-40
0.1 1 10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)

Figure 56. Open Loop Frequency Response
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Figure 57. Open Loop Frequency Response vs
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Figure 58. Maximum Output Swing vs Frequency
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Figure 59. Gain and Phase vs Capacitive Load

%0 Ll Ve = 15V
40 PHASE S 90
N Iy R = 6000
30 3 NS I
SN TN DR,
20 I SORNERE 45
& 10 €, = 500pF 2 NG 5
=2 ¢, = 1000pF N
= ort P Ntito &
3 -10 N x
-20 e =07 N 45
-30 C, = 500pF N
-40 C. = 1000pF Q 90
_50 L LU
10k 100k ™ 10M

FREQUENCY (Hz)

Figure 60. Gain and Phase vs Capacitive Load
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Figure 61. Open Loop Output Impedance vs Frequency
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Typical Application (continued)
1000 ] ] 1.50
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Figure 62. Open Loop Output Impedance vs Frequency
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Figure 63. Slew Rate vs Supply Voltage

SUPPLY VOLTAGE (V)

30

Submit Documentation Feedback

Product Folder Links: LMC6484

Copyright © 2000-2015, Texas Instruments Incorporated



= Distributor of Texas Instruments: Excellent Integrated System Limited
= Datasheet of LMC6484AIN/NOPB - IC OPAMP GP 1.5MHZ RRO 14DIP

g

Tectranic components Contact us: sales@integrated-circuit.com Website: www.integrated-circuit.com
I3 TExAs
INSTRUMENTS
LMC6484
www.ti.com

SNOS675C —AUGUST 2000—-REVISED SEPTEMBER 2015

8.3 System Examples

V+ =3V

? 10 kL

Vout
V|N —M_
10 kQ

Figure 64. Half-Wave Rectifier with Input Current Protection (R))

B AR L

w w ; *‘

Figure 65. Half-Wave Rectifier Waveform

The circuit in Figure 64 uses a single supply to half wave rectify a sinusoid centered about ground. R, limits

current into the amplifier caused by the input voltage exceeding the supply voltage. Full wave rectification is
provided by the circuit in Figure 66.

V+

? 10 kQ

MW

10k |

R

L

Figure 66. Full Wave Rectifier with Input Current Protection (R))
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System Examples (continued)

SV sV 500xs
Figure 67. Full Wave Rectifier Waveform

V+

LMC6484

+ Bl=

ey lout

(V+ - VIN)
ur =\— R

Figure 68. Large Compliance Range Current Source

1000 R

Vout

Vour = 1k& (R1/R2) |
R1 << R2

Figure 69. Positive Supply Current Sense
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System Examples (continued)

TLMC6484 Vour
+

Vin —

100 pF

ChoLp I

Figure 70. Low Voltage Peak Detector with Rail-to-Rail Peak Capture Range

In Figure 70 dielectric absorption and leakage is minimized by using a polystyrene or polyethylene hold
capacitor. The droop rate is primarily determined by the value of CH and diode leakage current. The ultra-low
input current of the LMC6484 has a negligible effect on droop.

20kQ
L\ M\ I
1
- 1k 1 LMC6484 VOUT
1\ Mce484 +
1 i
v, + 1
IN
: ChoLb
5 CD4066BM |

SAMPLE

Figure 71. Rail-to-Rail Sample and Hold

The high CMRR (85 dB) of the LMC6484 allows excellent accuracy throughout the rail-to-rail dynamic capture
range of the circuit.

LMC6484 Vour

1 10c, R,
R1=R2, C1=C2f = ;DF=— |2 |2
27R1CA 2\lc, \R,

Figure 72. Rail-to-Rail Single Supply Low Pass Filter

The low pass filter circuit in Figure 72 can be used as an anti-aliasing filter with the same voltage supply as the
A/D converter. Filter designs can also take advantage of the LMC6484 ultra-low input current. The ultra-low input
current yields negligible offset error even when large value resistors are used, which allows the use of smaller
valued capacitors which take less board space and cost less.
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System Examples (continued)
8.3.1 Data Acquisition Systems

Low power, single supply data acquisition system solutions are provided by buffering the ADC12038 with the
LMC6484 (Figure 73). Capable of using the full supply range, the LMC6484 does not require input signals to be
scaled down to meet limited common-mode voltage ranges. The LMC6484 CMRR of 82 dB maintains integral
linearity of a 12-bit data acquisition system to £0.325 LSB. Other rail-to-rail input amplifiers with only 50 dB of
CMRR will degrade the accuracy of the data acquisition system to only 8 bits.

S5V

ADC12038
!
> 12,1k |_
p \\
1000 pF ko |yLMcE484 CHO
|
VIN _|| A (
1kQ VWA =
< 500 kQ
‘D
20 S a\ COM
Iﬂt 2.5V
5000
?, VReF+
2,048V —
2 200k0
LM185BX s
FB VReF-
== 10 uf
.._| |_.
b 0.47uF S
330 € S 1s0ka
& AGND

Figure 73. Operating from the Same Supply Voltage, the
LMC6484 Buffers the ADC12038 Maintaining Excellent Accuracy
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System Examples (continued)

8.3.2 Instrumentation Circuits

The LMC6484 has the high input impedance, large common-mode range and high CMRR needed for designing
instrumentation circuits. Instrumentation circuits designed with the LMC6484 can reject a larger range of
common-mode signals than most in-amps. This makes instrumentation circuits designed with the LMC6484 an
excellent choice for noisy or industrial environments. Other applications that benefit from these features include
analytic medical instruments, magnetic field detectors, gas detectors, and silicon-based transducers.

A small valued potentiometer is used in series with Rg to set the differential gain of the 3-opamp instrumentation

circuit in Figure 74. This combination is used instead of one large valued potentiometer to increase gain trim
accuracy and reduce error due to vibration.

10kQ

A1

4
3-20 pF
%LMC6484 Vol

A

- 0.1% AC CMR ADJUST
50k, 0.1% 50kQ 50k, 0.1%
My MV
[ A3
in JLMC6484 Vour
+
MV

50kQ, 0.1% 50k
- 0.1% 48.7kQ
1 A2
ZLMC6484 DC CMR ADJUST

R2 5000

| O VREFERENCE

Figure 74. Low-Power 3-Opamp Instrumentation Amplifier

A 2-opamp instrumentation amplifier designed for a gain of 100 is shown in Figure 75. Low sensitivity trimming is

made for offset voltage, CMRR and gain. Low cost and low power consumption are the main advantages of this
2-opamp circuit.

Higher frequency and larger common-mode range applications are best facilitated by a 3-opamp instrumentation
amplifier.

100
cen
AN
10k, 0.1%
AN 10k, 0.1%
A'A'A

1+A1
4 LMCE484 v
L LNC6484

Figure 75. Low-Power 2-Opamp Instrumentation Amplifier
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9 Power Supply Recommendations

The LMC6482 can be operated over a supply range of 3 V to 15 V. To achieve noise immunity as appropriate to
the application, it is important to use good printed circuit board layout practices for power supply rails and planes,
as well as using bypass capacitors connected between the power supply pins and ground.

10 Layout

10.1 Layout Guidelines

10.1.1 Printed-Circuit-Board Layout for High-Impedance Work

It is generally recognized that any circuit which must operate with less than 1000 pA of leakage current requires
special layout of the PC board. when one wishes to take advantage of the ultra-low input current of the
LMC6484, typically less than 20 fA, it is essential to have an excellent layout. Fortunately, the techniques of
obtaining low leakages are quite simple. First, the user must not ignore the surface leakage of the PC board,
even though it may sometimes appear accept- ably low, because under conditions of high humidity or dust or
contamination, the surface leakage will be appreciable.

To minimize the effect of any surface leakage, lay out a ring of foil completely surrounding the LMC6484 inputs
and the terminals of capacitors, diodes, conductors, resistors, relay terminals, etc., connected to the operational
amplifier inputs, as in Figure 78. To have a significant effect, guard rings should be placed in both the top and
bottom of the PC board. This PC foil must then be connected to a voltage which is at the same voltage as the
amplifier inputs, since no leakage current can flow between two points at the same potential. For example, a PC
board trace-to-pad resistance of 1012, which is normally considered a very large resistance, could leak 5 pA if
the trace were a 5-V bus adjacent to the pad of the input. This would cause a 250 times degradation from the
actual performance of the LMC6484. However, if a guard ring is held within 5 mV of the inputs, then even a
resistance of 1011 would cause only 0.05 pA of leakage current. See Figure 76 for typical connections of guard
rings for standard operational amplifier configurations.

LMC6484 QUTPUT

PR N

Figure 76. Typical Connections of Guard Rings

The designer should be aware that when it is inappropriate to lay out a PC board for the sake of just a few
circuits, there is another technique which is even better than a guard ring on a PC board: Do not insert the input
pin of the amplifier into the board at all, but bend it up in the air and use only air as an insulator. Air is an
excellent insulator. In this case you may have to forego some of the advantages of PC board construction, but
the advantages are sometimes well worth the effort of using point-to-point up-in-the-air wiring. See Figure 77.

FEEDBACK
CAPACITOR

RESISTOR OP AMP

LR Board S
SOLDER CONNECTION
Note:  (Input pins are lifted out of PC board and soldered directly to components. All other pins connected to PC board.)

Figure 77. Air Wiring
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10.2 Layout Example
Loou l-|N4J l+|N4J
V_
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(7 N\)
a N
ouT1 -IN1 +IN1 v+
o) (o) 0] N
.
AR J
,
. J
LGuard Ring
Figure 78. Example of Guard Ring in PCB Layout
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11 Device and Documentation Support

11.1 Device Support
For the LMC6584 PSpice model, see SNOM165.

11.2 Documentation Support

11.2.1 Related Documentation

For related documentation, see the following:
¢ LMC6482 CMOS Dual Rail-To-Rail Input and Output Operational Amplifier (SNOS674)
¢ LMC660 CMOS Quad Operational Amplifier (SNOSBZ3)

11.3 Community Resource

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

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 Trademarks

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

11.5 Electrostatic Discharge Caution
A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘&:'\ during storage or handling to prevent electrostatic damage to the MOS gates.

11.6 Glossary

SLYZ022 — TI 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/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
® Drawing Qty @ ® ® (@5)
LMC6484AIM NRND SoIC D 14 55 TBD Call Tl Call TI -40 to 85 LMC6484
AIM
LMC6484AIM/NOPB ACTIVE SolIc D 14 55 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 LMC6484 iy
& no SbiBr) AIM P2
LMC6484AIMX NRND SolIc D 14 2500 TBD Call Tl Call TI -40 to 85 LMC6484
AIM
LMC6484AIMX/NOPB ACTIVE solIc D 14 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 LMC6484 Serles
& no ShiBr) AIM L
LMC6484AIN/NOPB ACTIVE PDIP NFF 14 25 Green (RoHS CU SN Level-1-NA-UNLIM -40 to 85 LMC6484AIN Samples
& no ShiBr) e
LMC6484IM NRND SOIC D 14 55 TBD Call Tl Call TI -40 to 85 LMC6484IM
LMC6484IM/NOPB ACTIVE SoIC D 14 55] Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 LMC6484IM Samples
& no Sb/Br) =
LMC6484IMX NRND SOIC D 14 2500 TBD Call Tl Call TI -40 to 85 LMC6484IM
LMC6484IMX/NOPB ACTIVE SoIC D 14 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 LMC6484IM Samples
& no ShiBr) e
LMC6484IN/NOPB ACTIVE PDIP NFF 14 25 Green (RoHS CU SN Level-1-NA-UNLIM -40 to 85 LMC6484IN Samples
& no Sb/Br) -

® 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)
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@ 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/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

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

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

REEL DIMENSIONS TAPE DIMENSIONS

7 +‘ [+ KO |<—P1—>1

R R R T

Reel k |
Diameter
Cavity —>I A0 I<—
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 | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

I 1 I
Q3 1 Q4 Q3 1 Q4 User Direction of Feed

| % A | v

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)

LMC6484AIMX SOIC D 14 2500 330.0 16.4 6.5 9.35 2.3 8.0 16.0 Q1
LMC6484AIMX/NOPB SOIC D 14 2500 330.0 16.4 6.5 9.35 2.3 8.0 16.0 Q1
LMC6484IMX SOIC D 14 2500 330.0 16.4 6.5 9.35 2.3 8.0 16.0 Q1
LMC6484IMX/NOPB SOIC D 14 2500 330.0 16.4 6.5 9.35 2.3 8.0 16.0 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)
LMC6484AIMX SolIc D 14 2500 367.0 367.0 35.0
LMC6484AIMX/NOPB SoIC D 14 2500 367.0 367.0 35.0
LMC6484IMX SolIC D 14 2500 367.0 367.0 35.0
LMC6484IMX/NOPB SoIC D 14 2500 367.0 367.0 35.0
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MECHANICAL DATA

(A< 150+ .005
NOT INCLUDING MOLD FLASH
01 MAX PER END

RN N NN

0

.250+£.010

NOT INCLUDING
MOLD FLASH

A
PIN 1 1D )
SUPPLIER’S
OPTION NP O N N N I IS B
! 7
e 04 MIN TYP ~— 14X .060%.005
Lo V]
45-.210 ! : (13
u g B
| | SEATING PLANE
\ |
125- 135 | | 015 M
L ‘
| | Li +.004
| ‘ 14x 018! 003
——12x [ 100] Bl

DIMENSIONS ARE IN INCHES
DIMENSIONS [N

(

)

FOR REFERENCE ONLY

.008-.

TJOO&ZST

95°+5" TYP
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MECHANICAL DATA
D (R—PDSO-G14) PLASTIC SMALL OUTLINE
0.344 (8,75)
y 0.337 (8,55) ’
A\
14 8
RN 1
0.244 (6,20)
0.228 (5,80)
I - T 0157 (4,00)
\ 0.150 (3,80) A\

Sl ﬁ 0L

Index
O SW
(0,25) (W)
[ \
| | A\ \,
I
\ !
A 4 ] - ] ] ] ¢ Ej 7 /k
0.010 \ e
—0.069 (1,75) Max 0.004 (0,10)
0.010 (0,25) ///// N
0.005 (o,wa)l , \
A
t | /// | []0.004 (0,10)
Gauge Plane # —4— : == !
ﬁ 7= ﬁ Seating Plane
0.010 (0,25) 0-8' N L7
\ L /
0.050 (1,27)
0.016 (0,40)
4040047-5/M  06/11
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS-012 variation AB
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TlI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation  www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

TI E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

e2e.ti.com
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