I3 TEXAS

INSTRUMENTS

www.ti.com

LF442QML

SNOSAOB8A —DECEMBER 2010-REVISED MARCH 2013

LF442QML Dual Low Power JFET Input Operational Amplifier

Check for Samples: LF442QML

FEATURES

1/10 Supply Current of a LM1458: 400 pA (Max)
Low Input Bias Current: 50 pA (Typ)

Low Input Offset Voltage: 1 mV (Typ)

Low Input Offset Voltage Drift: 7 uVv/°C (Typ)
High Gain Bandwidth: 1 MHz (Typ)

High Slew Rate: 1 V/us (Typ)

Low Noise Voltage for Low Power: 35 nV/\Hz
(Typ)

Low Input Noise Current: 0.01 pA/\Hz (Typ)
High Input Impedance: 102Q

Typical Connection

R¢
WA —

DESCRIPTION

The LF442 dual low power operational amplifier
provides many of the same AC characteristics as the
industry standard LM1458 while greatly improving the
DC characteristics of the LM1458. The amplifier has
the same bandwidth, slew rate, and gain (10 kQ load)
as the LM1458 and only draws one tenth the supply
current of the LM1458. In addition the well matched
high voltage JFET input devices of the LF442 reduce
the input bias and offset currents by a factor of
10,000 over the LM1458. A combination of careful
layout design and internal trimming ensures very low
input offset voltage and voltage drift. The LF442 also
has a very low equivalent input noise voltage for a
low power amplifier.

The LF442 is pin compatible with the LM1458
allowing an immediate 10 times reduction in power
drain in many applications. The LF442 should be
used where low power dissipation and good electrical
characteristics are the major considerations.

Connection Diagram

NON-INVERTING
INPUT A

NON-INVERTING
INPUT B

Pin 4 connected to case

Figure 1. Top View
TO-99 Package
See Package Number LMC

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Simplified Schematic

Figure 2. 1/2 Dual
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Figure 3. 1/2 Dual
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y i\ during storage or handling to prevent electrostatic damage to the MOS gates.
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Absolute Maximum Ratings®

Supply Voltage +18Vv
Differential Input Voltage +30V
Input Voltage Range ® +15V
Output Short Circuit Duration® Continuous
Maximum Power Dissipation 900mwW
T3 max 150°C
Still Air 161°C/W

Thermal Resistance O 500LF/Min Air flow 87°C/W

0;5c 33°C/W
Operating Temperature Range —55°C = Tp =125°C
Storage Temperature Range —65°C = Tp = 150°C
Lead Temperature (Soldering, 10 sec.) 260°C
ESD Tolerance® 500V

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is functional, but do not ensure specific performance limits. For ensured specifications and test conditions, see the
Electrical Characteristics. The ensured specifications apply only for the test conditions listed. Some performance characteristics may
degrade when the device is not operated under the listed test conditions.

(2) Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage.

(3) Any of the amplifier outputs can be shorted to ground indefinitely, however, more than one should not be simultaneously shorted as the
maximum junction temperature will be exceeded.

(4) The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmay (Maximum junction temperature),
634 (package junction to ambient thermal resistance), and T, (ambient temperature). The maximum allowable power dissipation at any
temperature is Ppmax = (Tymax - Ta)/03a Or the number given in the Absolute Maximum Ratings, whichever is lower.

(5) Human Body Model, 100pF discharged through 1.5KQ

Quality Conformance Inspection

Table 1. Mil-Std-883, Method 5005 - Group A

Subgroup Description Temp (°C)

Static tests at +25

2 Static tests at +125

3 Static tests at -55

4 Dynamic tests at +25

5 Dynamic tests at +125

6 Dynamic tests at -55

7 Functional tests at +25

8A Functional tests at +125

8B Functional tests at -55

9 Switching tests at +25

10 Switching tests at +125

11 Switching tests at -55

12 Settling time at +25

13 Settling time at +125

14 Settling time at -55
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LF442 Electrical Characteristics DC Parameters
The following conditions apply, unless otherwise specified. Vg =15V, V¢ = 0V, Rg = 0Q

. . . Sub-
Symbol Parameter Conditions Notes Min | Max Unit groups
lcc Supply Current 500 HA 1,2,3
-5.0 | 5.0 mV 1
Vio Input Offset Voltage Rs = 10KQ
75 | 75 mV 2,3
. 0.1 nA 1
tlg Input Bias Current
20 nA 2
-0.05| 0.05 nA 1
lo Input Offset Current
-10 10 nA 2
CMRR Common Mode Rejection Ratio Vem = £11V, Rg = 10K 70 dB 1,2,3
+
VS__- +15V to +6V, 70 dB 1,23
o . Vg'=-15V
PSRR Power Supply Rejection Ratio N
Vg'=-15V to -6V, 70 dB 123
Vg*" = +15V T
A L sianal Volt Gai Vo = 0V to +10V, See® 25 VimV 4
+ arge Signal Voltage Gain = ee
VS ge oig g R = 10KQ 15 vimv 5.6
A L sianal Volt Gai Vo =0V to -10V, See® 25 VimV 4
- arge Signal Voltage Gain = ee
VS ge Sig g R_ = 10KQ 15 vimv 5 6
Vo' Output Voltage Swing V| =+11V, R = 10K 12 \% 4,5,6
Vo Output Voltage Swing V| =+11V, R = 10K -12 \% 4,5,6
Ve Input Common Mode Voltage See® 1 | 11 v 4.5,6
Range
(1) V/mV in units column is equivalent to K in datalog.
(2) Parameter tested go-no-go only, specified by CMRR test..
AC Parameters
The following conditions apply, unless otherwise specified. Vg =15V, V¢ = 0V, Rg = 0Q
Symbol Parameter Conditions Notes Min | Max Unit Sub-
groups
+ Vo = -5V to +5V, Ay =1,
SR Slew Rate R, = 2KQ, C, - 100pF 0.6 VIS 7
Vo = +5V to -5V,
SR’ Slew Rate Ay =1, R = 2KQ, 0.6 V/uS 7
C_ - 100pF
GBW Gain Band Width V), =50mV, f = 20KHz 0.6 MHz 7
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Typical Performance Characteristics

Input Bias Current Input Bias Current
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Figure 4. Figure 5.
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Figure 6. Figure 7.
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Figure 8. Figure 9.
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Typical Performance Characteristics (continued)
Negative Current Limit Output Voltage Swing
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Figure 10. Figure 11.
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Figure 12. Figure 13.
Bode Plot Slew Rate
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Figure 14. Figure 15.
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Typical Performance Characteristics (continued)
Undistorted Output Voltage

Distortion vs Frequency Swing
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Figure 16. Figure 17.
Open Loop Frequency Common-Mode Rejection
Response Ratio
160 T 160 T T T
RL=10k Vo
140 L E
Vs= +15V g W ~
w 120 Ta=25°C 1 E 120 P Ve 10k 4
<<
5 _ 100 & \\ = =
S g =2 100 N
S= 80 S2 g0 AN
28 4 == Vs=+15V N
= S 60 rR =10k N
S 40 S 4 [Ta=25C
= ' ‘ ]
20 S 50 [CMRR = 20106 - + OPEN LOOP]
VOLTAGE GAIN

o
o

110 100 1k 10k 100k 1M 10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz) FREQUENCY (Hz)
Figure 18. Figure 19.
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Figure 20. Figure 21.
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Typical Performance Characteristics (continued)

Open Loop Voltage Gain

Output Impedance
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Figure 22. Figure 23.
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Pulse Response

R, =10 kQ, C, =10 pF
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APPLICATION HINTS

This device is a dual low power op amp with internally trimmed input offset voltages and JFET input devices (BI-
FET Il). These JFETs have large reverse breakdown voltages from gate to source and drain eliminating the need
for clamps across the inputs. Therefore, large differential input voltages can easily be accommodated without a
large increase in input current. The maximum differential input voltage is independent of the supply voltages.
However, neither of the input voltages should be allowed to exceed the negative supply as this will cause large
currents to flow which can result in a destroyed unit.

Exceeding the negative common-mode limit on either input will force the output to a high state, potentially
causing a reversal of phase to the output. Exceeding the negative common-mode limit on both inputs will force
the amplifier output to a high state. In neither case does a latch occur since raising the input back within the
common-mode range again puts the input stage and thus the amplifier in a normal operating mode.

Exceeding the positive common-mode limit on a single input will not change the phase of the output; however, if
both inputs exceed the limit, the output of the amplifier will be forced to a high state.

The amplifiers will operate with a common-mode input voltage equal to the positive supply; however, the gain
bandwidth and slew rate may be decreased in this condition. When the negative common-mode voltage swings
to within 3V of the negative supply, an increase in input offset voltage may occur.

Each amplifier is individually biased to allow normal circuit operation with power supplies of +3.0V. Supply
voltages less than these may degrade the common-mode rejection and restrict the output voltage swing.

The amplifiers will drive a 10 kQ load resistance to + 10V over the full temperature range.

Precautions should be taken to ensure that the power supply for the integrated circuit never becomes reversed in
polarity or that the unit is not inadvertently installed backwards in a socket as an unlimited current surge through
the resulting forward diode within the IC could cause fusing of the internal conductors and result in a destroyed
unit.

As with most amplifiers, care should be taken with lead dress, component placement and supply decoupling in
order to ensure stability. For example, resistors from the output to an input should be placed with the body close
to the input to minimize “pick-up” and maximize the frequency of the feedback pole by minimizing the
capacitance from the input to ground.

A feedback pole is created when the feedback around any amplifier is resistive. The parallel resistance and
capacitance from the input of the device (usually the inverting input) to AC ground set the frequency of the pole.
In many instances the frequency of this pole is much greater than the expected 3 dB frequency of the closed
loop gain and consequenty there is negligible effect on stability margin. However, if the feedback pole is less
than approximately 6 times the expected 3 dB frequency a lead capacitor should be placed from the output to the
input of the op amp. The value of the added capacitor should be such that the RC time constant of this capacitor
and the resistance it parallels is greater than or equal to the original feedback pole time constant.
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Typical Applications

Figure 25. Battery Powered Strip Chart Preamplifier
TIME CONSTANT

1 5 10 50 100

INPUT SEC SEC SEC SEC  SEC

(+)

INPUT
(=)

OUTPUT TO
250k @110k 10k D—@ STRIP

CHART
X1 X5 X10 X50 X100
GAIN

Runs from 9v batteries (£9V supplies)
Fully settable gain and time constant

Battery powered supply allows direct plug-in interface to strip chart recorder without common-mode problems

Figure 26. “No FET” Low Power V—F Converter

03 10k

P
0.01 iﬂl

L S

™
172 LFag2 D> AA—-
3 OUTPUT
ym " 1/2 LRz 1 Hz-1 kHz
1.2v
™ D1 —15V
—15V ™
15V

Trim 1M pot for 1 kHz full-scale output

15 mW power drain

No integrator reset FET required

Mount D1 and D2 in close proximity

1% linearity to 1 kHz
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Figure 27. High Efficiency Crystal Oven Controller

15V 15V

20k
TEMP TRIM

VWA— man g [[—
LM185-1.2

A2

1/2 LFa82 LM395

15V

SENSOR

L ]

* Teontro= 75°C

« Al's output represents the amplified difference between the LM335 temperature sensor and the crystal oven's
temperature

e A2, afree running duty cycle modulator, drives the LM395 to complete a servo loop
«  Switched mode operation yields high efficiency
* 1% metal film resistor

Figure 28. Conventional Log Amplifier

RN
15V EIN @7‘7Avlv
100k m Rin
OFFSET
VOLTAGE
ADJUST
1K
—15V
E
Eout = — [Iog 10 (ﬂ) + 5]
Rin

Rt = Tel Labs type Q81
Trim 5k for 10 pA through the 5k—120k combination
*1% film resistor
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Figure 29. Unconventional Log Amplifier
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ZERO
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Q1, Q2, Q3 are included on LM389 amplifier chip which is temperature-stabilized by the LM389 and Q2-Q3, which act
as a heater-sensor pair.

Q1, the logging transistor, is thus immune to ambient temperature variation and requires no temperature
compensation at all.

Table 2. Revision History

Date Released Revision Section Changes
12/16/2010 A New release to corporate format 1 MDS datasheet converted into one corporate
datasheet format. MNLF442M-X Rev 0Al will be
archived.
03/26/2013 A All Sections Changed layout of National Data Sheet to Tl format
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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) Top-Side Markings
@ Drawing Qty @ €} @

Samples

5962-9763301QGA ACTIVE TO-99 LMC 8 20 TBD Call Tl Call Tl -55to 125 LF442MH/883
5962-9763301QGA Q
ACO
5962-9763301QGA Q
>T

LF442MH/883 ACTIVE TO-99 LMC 8 20 TBD Call TI Call TI -55 to 125 LF442MH/883
5962-9763301QGA Q
ACO
5962-9763301QGA Q
ST

® 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)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Multiple Top-Side Markings will be inside parentheses. Only one Top-Side 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 Top-Side 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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

Samples
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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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MECHANICAL DATA

LMC (O—MBCY-W8) METAL CYLINDRICAL PACKAGE
0.370 (9,40)
? 0335 (8,50
0.335 (8,51)
0.305 (7,75)

0.040 (1,02) MAX ]
0.500 (12,70) MIN
Seating Plane

0.021 (0,53) AL
P 0016 (0,41

0105 (267) ) 14
0.095 (2,41) 0105 (267)
p 0160 (4,06) | 0.005 (2,41)
0.170 (2.79
(2.79) —i0.200 (5.08)a
i\
1 %)
: ) o// | w
0.034 (0,86) = —~

0.028 (0,71) % x( 0.029 (0,74)

4202483 /8 09/07

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

B. This drawing is subject to change without notice.

C. Leads in true position within 0.010 (0,25) R @ MMC at seating plane.

D. Pin numbers shown for reference only. Numbers may not be marked on package.
E

Falls within JEDEC MO-002,/T0-99.
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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 JESDA48, 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.

Tl 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 Tl 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.

Tl 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 Tl 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 Tl 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, Tl 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 TI components are authorized for use in FDA Class Il (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.

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