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17 MHz Rail-to-Rail Input-Output Operational Amplifiers

General Description

Using patent pending new circuit topologies, the LM6142/
LM6144 provides new levels of performance in applications
where low voltage supplies or power limitations previously
made compromise necessary. Operating on supplies of 1.8V
to over 24V, the LM6142/LM6144 is an excellent choice for
battery operated systems, portable instrumentation and oth-
ers.

The greater than rail-to-rail input voltage range eliminates
concern over exceeding the common-mode voltage range.
The rail-to-rail output swing provides the maximum possible
dynamic range at the output. This is particularly important
when operating on low supply voltages.

High gain-bandwidth with 650uA/Amplifier supply current
opens new battery powered applications where previous
higher power consumption reduced battery life to unaccept-
able levels. The ability to drive large capacitive loads without
oscillating functionally removes this common problem.

November 2004

Features

At Vg = 5V. Typ unless noted.
m Rail-to-rail input CMVR -0.25V to 5.25V
m Rail-to-rail output swing 0.005V to 4.995V
® Wide gain-bandwidth: 177MHz at 50kHz (typ)
m Slew rate:
Small signal, 5V/ps
Large signal, 30V/ps
m Low supply current 650pA/Amplifier
m Wide supply range 1.8V to 24V
® CMRR 107dB
® Gain 108dB with R_ = 10k
= PSRR 87dB

Applications

m Battery operated instrumentation

m Depth sounders/fish finders

m Barcode scanners

m Wireless communications

m Rail-to-rail in-out instrumentation amps

Connection Diagrams
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

ESD Tolerance (Note 2)
Differential Input Voltage
Voltage at Input/Output Pin

LM6142/LM6144

Storage Temp. Range

2500V
15V

(V*) + 0.3V, (V°) - 0.3V

Supply Voltage (V* - V7) 35V
Current at Input Pin +10mA
Current at Output Pin (Note 3) +25mA
Current at Power Supply Pin 50mA
Lead Temperature

(soldering, 10 sec) 260°C

-65°C to +150°C

Operating Ratings (Note 1)

Supply Voltage

Temperature Range
LM6142, LM6144

Thermal Resistance (0,,)

1.8V < V* <24V

—40°C < T, < +85°C

N Package, 8-Pin Molded DIP 115°C/W
M Package, 8-Pin Surface

Mount 193°C/W
N Package, 14-Pin Molded

DIP 81°C/W
M Package, 14-Pin Surface

Mount 126°C/W

Junction Temperature (Note 4)

5.0V DC Electrical Characteristics (Note 8)

150°C

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5.0V, V- =0V, Vo = Vo = V*/2 and R. > 1 MQ to V*/2.
Boldface limits apply at the temperature extremes.

LM6144AlI LM6144BI
Symbol Parameter Conditions Typ LM6142Al LM6142BI Units
(Note 5) Limit Limit
(Note 6) (Note 6)
Vos Input Offset Voltage 0.3 1.0 25 mV
2.2 3.3 max
TCVos Input Offset Voltage 3 pv/'c
Average Drift
Ig Input Bias Current 170 250 300 nA
0V < Vem <5V 180 280 max
526 526
los Input Offset Current 3 30 30 nA
80 80 max
Rin Input Resistance, Cy, 126 MQ
CMRR Common Mode 0V £Vgy <4V 107 84 84
Rejection Ratio 78 78
0V < Vey <5V 82 66 66 dB
79 64 64 min
PSRR Power Supply 5V < V* <24V 87 80 80
Rejection Ratio 78 78
Vem Input Common-Mode -0.25 0 0 \Y
Voltage Range 5.25 5.0 5.0
Ay Large Signal R. = 10k 270 100 80 V/mV
Voltage Gain 70 33 25 min
Vo Output Swing R_ = 100k 0.005 0.01 0.01 \
0.013 0.013 max
4.995 4.98 4.98 Vv
4.93 4.93 min
R, =10k 0.02 V max
4.97 V min
R, =2k 0.06 0.1 0.1 \Y
0.133 0.133 max
4.90 4.86 4.86 \
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5.0V DC Electrical Characteristics (Note 8) (Continued)
Unless otherwise specified, all limits guaranteed for Ty = 25°C, V* = 5.0V, V- = 0V, Vg = Vo = V*/2 and R_ > 1 MQ to V*/2.
Boldface limits apply at the temperature extremes.

LM6144Al LM6144BI
Symbol Parameter Conditions Typ LM6142AlI LM6142BI Units
(Note 5) Limit Limit
(Note 6) (Note 6)
4.80 4.80 min
Isc Output Short Sourcing 13 10 8 mA
Circuit Current 4.9 4 min
LM6142 35 35 mA
max
Sinking 24 10 10 mA
5.3 5.3 min
35 35 mA
max
Isc Output Short Sourcing 8 6 6 mA
Circuit Current 3 3 min
LM6144 35 35 mA
max
Sinking 22 8 8 mA
4 4 min
35 35 mA
max
Is Supply Current Per Amplifier 650 800 800 A
880 880 max

5.0V AC Electrical Characteristics (note 8)

Unless Otherwise Specified, All Limits Guaranteed for T, = 25°C, V*
V*/2. Boldface limits apply at the temperature extremes.

=5.0V,V =0V, Vey=Vpo=V/2and R. > 1 MQ to

LM6144A1 | LM6144BI
Symbol Parameter Conditions Typ LM6142A1 | LM6142BI Units
(Note 5) Limit Limit
(Note 6) (Note 6)
SR Slew Rate 8 Vpp @ V* 12V 25 15 13 V/us
Rs > 1 kQ 13 11 min
GBW Gain-Bandwidth Product f =50 kHz 17 10 10 MHz
6 6 min
O Phase Margin 38 Deg
Amp-to-Amp Isolation 130 dB
e, Input-Referred f=1kHz 16 nV
Voltage Noise vHzZ
in Input-Referred f=1kHz 0.22 pA
Current Noise vHZ
T.H.D. Total Harmonic Distortion f=10 kHz, R, = 10 kQ, 0.003 %
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2.7V DC Electrical Characteristics (note 8)

Unless Otherwise Specified, All Limits Guaranteed for T, = 25°C, V* = 2.7V, V- =0V, Vo = Vo = V2 and R, > 1 MQ to
V*/2. Boldface limits apply at the temperature extreme

LM6142/LM6144

LM6144Al LM6144BI
Symbol Parameter Conditions Typ LM6142Al LM6142BI Units
(Note 5) Limit Limit
(Note 6) (Note 6)
Vos Input Offset Voltage 0.4 1.8 25 mV
4.3 5 max
Ig Input Bias Current 150 250 300 nA
526 526 max
los Input Offset Current 4 30 30 nA
80 80 max
Rin Input Resistance 128 MQ
CMRR Common Mode 0V <Vgy <18V 90 dB
Rejection Ratio 0V < Vg 2.7V 76 min
PSRR Power Supply 3V <V+<5BVY 79
Rejection Ratio
Vem Input Common-Mode -0.25 0 0 V min
Voltage Range 2.95 2.7 2.7 V max
Ay Large Signal R, = 10k 55 V/imV
Voltage Gain min
Vo Output Swing R_ = 100kQ 0.019 0.08 0.08 \
0.112 0.112 max
2.67 2.66 2.66 \Y
2.25 2.25 min
Is Supply Current Per Amplifier 510 800 800 pA
880 880 max

2.7V AC Electrical Characteristics (Note 8)

Unless Otherwise Specified, All Limits Guaranteed for T, = 25°C, V* = 2.7V, V- =0V, Vg = Vo = V*/2 and R_ > 1 MQ to
V*/2. Boldface limits apply at the temperature extreme

LM6144Al LM6144BI
Symbol Parameter Conditions Typ LM6142Al LM6142BI Units
(Note 5) Limit Limit
(Note 6) (Note 6)
GBW Gain-Bandwidth Product f =50 kHz 9 MHz
Om Phase Margin 36 Deg
Gm Gain Margin 6 dB
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24V Electrical Characteristics (Note s)

Unless Otherwise Specified, All Limits Guaranteed for T4 = 25°C, V* =24V, V- =0V, Vo = Vo = V*/2and R > 1 MQ to
V*/2. Boldface limits apply at the temperature extreme

LM6144Al LM6144BI
Symbol Parameter Conditions Typ LM6142Al1 LM6142BI Units
(Note 5) Limit Limit
(Note 6) (Note 6)
Vos Input Offset Voltage 1.3 2 3.8 mV
4.8 4.8 max
g Input Bias Current 174 nA
max
los Input Offset Current 5 nA
max
Rin Input Resistance 288 MQ
CMRR Common Mode 0V < Vg <23V 114 daB
Rejection Ratio 0V £ Vgu < 24V 100 min
PSRR Power Supply 0V < Vg £ 24V 87
Rejection Ratio
Vem Input Common-Mode -0.25 0 0 V min
Voltage Range 24.25 24 24 V max
Ay Large Signal R, =10k 500 V/mV
Voltage Gain min
Vo Output Swing R =10 kQ 0.07 0.15 0.15 \
0.185 0.185 max
23.85 23.81 23.81 Vv
23.62 23.62 min
Is Supply Current Per Amplifier 750 1100 1100 pA
1150 1150 max
GBW Gain-Bandwidth Product f =50 kHz 18 MHz

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test conditions, see the Electrical Charactenstics.

Note 2: Human body model, 1.5kQ in series with 100pF.

Note 3: 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.

Note 4: The maximum power dissipation is a function of Tymax), 8ya, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp =
(Tymax) — Ta)8ya. All numbers apply for packages soldered directly into a PC board.

Note 5: Typical values represent the most likely parametric norm.
Note 6: All limits are guaranteed by testing or statistical analysis.
Note 7: For guaranteed military specifications see military datasheet MNLM6142AM-X.

Note 8: 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 such that T; = Ta. No guarantee of parametric performance is indicated in the electrical tables under conditions of the internal self heating where T; >
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Supply Current vs. Supply Voltage
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Typical Performance Characteristics T1,=25'C, R, = 10 kQ Unless Otherwise Specified
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Typical Performance Characteristics T, = 25c, R

Specified (Continued)
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Typical Performance Characteristics T, = 25'C, R_ = 10 kQ Unless Otherwise
Specified (Continued)

Output Voltage vs. Source Current Output Voltage vs. Source Current
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Typical Performance Characteristics T, = 25'c, R_ = 10 kQ Unless Otherwise

Specified (Continued)

Gain and Phase vs. Load

120 180
Vg =5V
100 \\ 150
80 \ AN — 120
_ \ \ q??be(RL— 12)k _
S 60 N e—490 2
()
z <
=< 40 e 60 =~
o R = 10k || 100 pF ¥ \7\ &
20 30
[~ Gain_
0 N ©
-20 -30
10 100 1k 10k 100k 1M 10M
FREQUENCY (Hz)
01205733
Distortion + Noise vs. Frequency
-66
Vg = 24V /
=68 (v, = 10Vpp I
-70
5 2
z 4 /
= -76
o _78 /
a
-80
-82 —
-84
1k 2k 4k 8k 20k 40k 80k
6k 10k 60k 100k

FREQUENCY (Hz)
01205735
Open Loop Gain vs. Load, 3V Supply
120 .

100 =

80 4 3

60 y =3

40 N

RL= k- \
20 =
0 \

-20

OPEN LOOP GAIN (dB)
rZU
1]
> ™
o
Ry
/

10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)

01205737

GAIN (dB)

Gain and Phase vs. Load

120 erymikL
—~ o=
100 \\\\ 150
80 AN - 120
\ N kg R
60 N &lalg0 2
O
40 & 60 =
R =10k || 100 pF & \»}\\ =
20 NAEL
0 LN
-20 -30

10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)

01205734

GBW vs. Supply

25.00 T
GBW at 100 kHz | _
R™

20.00
Ve o

>
el
15.00 ,/

10.00 74

GAIN-BANDWIDTH (MHz)
*g\\\\\
»
A\
-
\f

/

1 2 4 8 20 40 80
6 10 60 100

SUPPLY VOLTAGE (V)
01205736

Open Loop Gain vs. Load, 5V Supply

120 |
R
100 \
3 ol
o 80 \\\
SN
=z RN
3 00 R = 10K DN
S 4o — N
- R = 1k |
=z ‘~
a 20 <
o AN
0 N
-20

10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)

01205738

Downloaded from Elcodis.com electronic components distributor

www.nhational.com

Py IOINT/2Y LOINT


http://elcodis.com/parts/1330914/LM6142BINNOPB.html

120

LM6142/LM6144
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Typical Performance Characteristics T, = 25'C, R_ = 10 kQ Unless Otherwise
Specified (Continued)
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Typical Performance Characteristics 1, = 25°C, R, = 10 k@ Unless Otherwise

Specified (Continued)

Noise Current vs. Frequency
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LM6142/LM6144 Application Ideas

The LM6142 brings a new level of ease of use to op amp
system design.

With greater than rail-to-rail input voltage range concern
over exceeding the common-mode voltage range is elimi-
nated.

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

The high gain-bandwidth with low supply current opens new
battery powered applications, where high power consump-
tion, previously reduced battery life to unacceptable levels.

To take advantage of these features, some ideas should be
kept in mind.

ENHANCED SLEW RATE

Unlike most bipolar op amps, the unique phase reversal
prevention/speed-up circuit in the input stage causes the
slew rate to be very much a function of the input signal
amplitude.

Figure 2 shows how excess input signal, is routed around
the input collector-base junctions, directly to the current
mirrors.

The LM6142/LM6144 input stage converts the input voltage
change to a current change. This current change drives the
current mirrors through the collectors of Q1-Q2, Q3-Q4
when the input levels are normal.

If the input signal exceeds the slew rate of the input stage,
the differential input voltage rises above two diode drops.
This excess signal bypasses the normal input transistors,
(Q1-Q4), and is routed in correct phase through the two
additional transistors, (Q5, Q6), directly into the current mir-
rors.

This rerouting of excess signal allows the slew-rate to in-
crease by a factor of 10 to 1 or more. (See Figure 1.)
As the overdrive increases, the op amp reacts better than a

conventional op amp. Large fast pulses will raise the slew-
rate to around 30V to 60V/ps.
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FIGURE 1.

This effect is most noticeable at higher supply voltages and
lower gains where incoming signals are likely to be large.

This new input circuit also eliminates the phase reversal
seen in many op amps when they are overdriven.

This speed-up action adds stability to the system when
driving large capacitive loads.

DRIVING CAPACITIVE LOADS

Capacitive loads decrease the phase margin of all op amps.
This is caused by the output resistance of the amplifier and
the load capacitance forming an R-C phase lag network.
This can lead to overshoot, ringing and oscillation. Slew rate
limiting can also cause additional lag. Most op amps with a
fixed maximum slew-rate will lag further and further behind
when driving capacitive loads even though the differential
input voltage raises. With the LM6142, the lag causes the
slew rate to raise. The increased slew-rate keeps the output
following the input much better. This effectively reduces
phase lag. After the output has caught up with the input, the
differential input voltage drops down and the amplifier settles
rapidly.
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LM6142/LM6144 Application Ideas

(Continued)
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LM6142/LM6144
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These features allow the LM6142 to drive capacitive loads

as large as 1000pF at unity gain and not oscillate. The scope —

photos (Figure 3 and Figure 4) above show the LM6142 ;’{
g 1nF

driving a I000pF load. In Figure 3, the upper trace is with no
capacitive load and the lower trace is with a 1000pF load. V
Here we are operating on =12V supplies with a 20 Vpp
pulse. Excellent response is obtained with a C; of I0pF. In
Figure 4, the supplies have been reduced to *+2.5V, the
pulse is 4 Vpp and C; is 39pF. The best value for the
compensation capacitor is best established after the board
layout is finished because the value is dependent on board

stray capacity, the value of the feedback resistor, the closed : : :
loop gain and, to some extent, the supply voltage. Typlcal App"catlons

Another effect that is common to all op amps is the phase FISH FINDER/ DEPTH SOUNDER.

shift caused by the feedback resistor and the input capaci- . .
tance. This phase shift also reduces phase margin. This The LM6142/!‘M6144 is an excellent choice for bgttery op-
erated fish finders. The low supply current, high gain-

effect is taken care of at the same time as the effect of the bandwidth and full rail to rail output swing of the LM6142

capacitive load when the capacitor is placed across the . . o . . s
feedback resistor provides an ideal combination for use in this and similar
) applications.

The circuit shown in Figure 5 was used for these scope

photos. ANALOG TO DIGITAL CONVERTER BUFFER

The high capacitive load driving ability, rail-to-rail input and
output range with the excellent CMR of 82 dB, make the

LM6142/LM6144 a good choice for buffering the inputs of A
to D converters.

01205710

FIGURE 5.

3 OP AMP INSTRUMENTATION AMP WITH
RAIL-TO-RAIL INPUT AND OUTPUT

Using the LM6144, a 3 op amp instrumentation amplifier with
rail-to-rail inputs and rail to rail output can be made. These
features make these instrumentation amplifiers ideal for
single supply systems.

Some manufacturers use a precision voltage divider array of
5 resistors to divide the common-mode voltage to get an
input range of rail-to-rail or greater. The problem with this
method is that it also divides the signal, so to even get unity
FIGURE 3. gain, the amplifier must be run at high closed loop gains.
This raises the noise and drift by the internal gain factor and

01205708
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Typical Applications (continued)

lowers the input impedance. Any mismatch in these preci-
sion resistors reduces the CMR as well. Using the LM6144,
all of these problems are eliminated.

In this example, amplifiers A and B act as buffers to the
differential stage (Figure 6). These buffers assure that the
input impedance is over 100MQ and they eliminate the
requirement for precision matched resistors in the input
stage. They also assure that the difference amp is driven
from a voltage source. This is necessary to maintain the
CMR set by the matching of R1-R2 with R3—-R4.

R2
R

w

1
ZLM6144

+ O———

i

01205713

FIGURE 6.
Ordering Information

The gain is set by the ratio of R2/R1 and R3 should equal R1
and R4 equal R2. Making R4 slightly smaller than R2 and
adding a trim pot equal to twice the difference between R2
and R4 will allow the CMR to be adjusted for optimum.

With both rail to rail input and output ranges, the inputs and
outputs are only limited by the supply voltages. Remember
that even with rail-to-rail output, the output can not swing
past the supplies so the combined common mode voltage
plus the signal should not be greater than the supplies or
limiting will occur.

SPICE MACROMODEL
A SPICE macromodel of this and many other National Semi-

conductor op amps is available at no charge from the NSC
Customer Response Group at 800-272-9959.

Package Temperature Range Temperature Range NSC
Industrial Military Drawing
-40°C to +85°C -55°C to +125°C
8-Pin Molded DIP LM6142AIN NOSE
LM6142BIN
8-Pin Small Outline LM6142AIM MO8A
LM6142AIMX
LM6142BIM
LM6142BIMX
14-Pin Molded DIP LM6144AIN N14A
LM6144BIN
14-Pin Small Outline LM6144AIM M14A
LM6144AIMX
LM6144BIM
LM6144BIMX
8-Pin CDIP LM6142AMJ-QML JO8A
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Physical Dimensions inches (millimeters)

unless otherwise noted

fe—— . 400 MAX ————

(10.16]

e e I e B sl

LM6142/LM6144

.310  MAX
[7.87]
R.025

CONTROLLING DIMENSION IS INCH
VALUES IN [ | ARE MILLIMETERS

[0.
8X .055%.010 320 ———=
[1.4%0.25] (7. 37 8 13]
1 /—GLASS SEALANT
.180 MAX
.20([)5M8§1TVP (4.571 «—
8X .125-.200 L .020-.060 TYP
(3.18°5.08] i, 9,51-1-52) 8X .010%.002
[0.25%0.05]
L—8X .018*.003
[0.46+0.071] [7 87 10 4“
.055 MAX TYP —= L—4—6X 100,010
{1.401 [2.54%0.25] JO8A (Rev M)
8-Pin Cerdip
Dual-In-Line Package
NS Package Number JOSA
_ 0.189-0.197 _
" (4.800-5.004)
8 7 6 5
0.228—0.244
(5.791—6.198)
0.010 yax
— (0.254)
LEADNO.0/ T 2 3 4 30} }
IDENT e
0.150-0.157
(3.810—3.988) |
0.010-0.020 , 450 0.053-0.069
(0.254 —0.508) (1.346—1.753) 000
8° MAX TYP * 0.004 -0.010
ALL LEADS {0.102—0.254)
i/uzg E ‘ ¢ ji‘ — = ¢ SEATING

{0.203—0.254) {1.2m) m 356 — 0.508)
TYP ALL LEADS {0-406 —1.270) P 0.008 1yp
TYP ALL LEADS (0.203) MOBA (REV H)

T um f 5 b4 PLANE
(0.102) 0.014
0.008 —0.010 == 0.050 <l 014 0.020
S == ALLLEAD TIPS - o T I TY
0.016 —0.050 (0.356) — P

8-Pin Small Outline Package
NS Package Number MOSA
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.335-0.344

[-——
(8.509 —8.738)

‘14
I
0.228—0.244
{5.791—6.198)
|

13 12 11 10

:

)
/

.

4
et vOU U
1 2 3 4

0.010 pax
(0.253)
0.150 —0.157 .
{3.810—3.988)
0.053 - 0.069
0.010 —0.020 il
02580508 <** (1,346 1.753)
8° MAX TYP % 0.004—0.010
ALL LEADS I vy  (0.102-0.254)
1]

v mﬂ:% ¢ SEATING —* e = —_

1 o PLANE ? * T
[0.008—-0.010 T LA 0050 | ‘ | 001-0.020 1yp
{0.203=0.259) 0.016-0.050 0356} o T e "~ {0.3550.508)
TYP ALL LEADS 0.004 “ (0.406=1.270) v 0.008

0102 TYP ALL LEADS 10.203) TYP
ALL LEAD TIPS M14A (REV H)
14-Pin Small Outline Package
NS Package Number M14A
0.373—0.400
(9.474—10.16)
0.090
(2.286)
0092 [7] [6] [5] 0.03240.005
(2.337) L + (0.813£0.127)
o ND. 1 IDENT ‘@' N 0.2500.005 RAD
: . N (6.3510.127) PIN NO. 1 IDENT
oPTION 1 |® ¥ T Re
0.280 Of [=2] 3] [4]
— | =8 — 0.040
7112 MN 0.030 0 e—| |« OPTION 2
MAX 0.039 0.145-0.200
0.300-0.320 O.18) = ot ~{0991) 1 -8.2%
(7.62-8.128) v /<_ ' (3.683-5.080)
e + ¢ e A 0.130+0.005 A
v (3.302£0.127) v
- A oazs-0.10 f
- 0.065 Y (3.175-3.556)
o.009-00t5_ | 2IB_ [resh)| | Wb ta 2.020
0.009-0.015  fil @™ 3.175) (0.508)
(0.229-0.381) :)U\ ) TYP MIN
+0.040 NOM I 0.018+£0.003
0325 " o (0.457£0.076)
— J
+1.016 Il 0.100+0.010
(“'255 —u.3a1) (2.540£0.254)
ey
-143£0. 0.060
0.050 (1.524)
— .
(1.270) NOSE (REV F)
8-Pin Molded Dual-In-Line Package
NS Package Number NOSE
15 www.national.com
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LM6142/LM6144, 17 MHz Rail-to-Rail Input-Output Operational Amplifiers

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740—0.770
(18.80—19.56)
0.090
> (2.286)
[14] (73 () [ (o (5] (B o
AREA
a 0.2500.010
O / (6.350 £0.254)
PINNO.1__TC —J) Y PIN NO. 1
IDENT T 27 3] (] 5)h8] 7] IDENT
0.092 .. 0.030 mAX
(2.337)  (0.762) DEPTH
OPTION 1 OPTION 02
0.135+0.005 0.300—0.320
(3.429£0.127) {7.620-8.128}
0.145-0.200 0.060 yp < 4o TYP o8 0.065
{3.683—5.080) ‘ ‘ (1.528) /'\ OPTIONAL (1.651)
A A 11 [\
v v | B |S—
1 } gsai*sa 0.008-0.016 |,
0.020 y ~ 90° +4° TYP < —> {0:203-0.406)
5
(MIN ) 0.125-0.150 DT gomzoom
(3.175—-3.810) —» m (gf?g)
0.014-0.023 [ (7 112) =
TYP — | [t—
{0.356—0.584) — 0.100+0.010 1y, MIN
0.050£0.010 (2,540 0.254)
—»| |l TYP +0.040
{1.270—0.254) 0325 _ g5
+1.u1s)
3.2
( 55*0.381 N14A (REV F}

14-Pin Molded Dual-In-Line Package
NS Package Number N14A

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

1.

Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform when
properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship
Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain no “Banned
Substances” as defined in CSP-9-111S2.

www.nhational.com Francais Tel: +33 (0) 1 41 91 8790

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Americas Customer Europe Customer Support Center Asia Pacific Customer Japan Customer Support Center
Support Center Fax: +49 (0) 180-530 85 86 Support Center Fax: 81-3-5639-7507

Email: new.feedback@nsc.com Email: europe.support@nsc.com Email: ap.support@nsc.com Email: jpn.feedback@nsc.com

Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 69 9508 6208 Tel: 81-3-5639-7560

English Tel: +44 (0) 870 24 0 2171
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

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

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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