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LM146/LM346
Programmable Quad Operational Amplifiers

General Description Features

The LM146 series of quad op amps consists of four indepen-  (Isgr=10 pA)

dent, high gain, internally compensated, low power, pro- m Programmable electrical characteristics
grammable amplifiers. Two external resistors (Rser) allow  w Battery-powered operation

the user to program the gain bandwidth product, slew rate,
supply current, input bias current, input offset current and in-
put noise. For example, the user can trade-off supply current
for bandwidth or optimize noise figure for a given source re-

® Low supply current: 350 pA/amplifier
[
[ |
sistance. In a similar way, other amplifier characteristics can u
[
[ ]
[
[ ]

Guaranteed gain bandwidth product: 0.8 MHz min
Large DC voltage gain: 120 dB

Low noise voltage: 28 nV/VHz

Wide power supply range: *1.5V to £22V

Class AB output stage—no crossover distortion
Ideal pin out for Biquad active filters

Input bias currents are temperature compensated

be tailored to the application. Except for the two program-
ming pins at the end of the package, the LM146 pin-out is
the same as the LM124 and LM148.

Connec'“on D|agram PROGRAMMING EQUATIONS
Total Supply Current = 1.4 mA (Isg/10 pA)
Dual-In-Line Package Gain Bandwidth Product = 1 MHz (Igz1/10 pA)

: i Slew Rate = 0.4V/ps (Isg+/10 pA)

2| s Input Bias Current = 50 nA (Isg1/10 pA)

= } @ —: lsgr = Current into pin 8, pin 9 (see schematic-diagram)
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Top View
Order Number LM146J, LM146J/883,
LM346M,LM346MX or LM346N
See NS Package Number
J16A, M16A or N16A

Capacitorless Active Filters (Basic Circuit)
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LM146/LM346

Supply Voltage

CM Input Voltage (Note 1)
Power Dissipation (Note 2)

Cavity DIP (J) Pd
8,
Small Outline (M) 6;5
Molded DIP (N) Pd
5,
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)

Small Outline Package

Infrared (15 seconds)

vices.

Absolute Maximum Ratings

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

Vapor Phase (60 seconds)

ESD rating is to be determined.

DC Electrical Characteristics
(Vs=%15V, Iser=10 pA), (Note 4)

(Notes 1, 5)

Differential Input Voltage (Note 1)

Output Short-Circuit Duration (Note 3)
Operating Temperature Range

Maximum Junction Temperature

Storage Temperature Range

Lead Temperature (Soldering, 10 seconds)
Thermal Resistance (6;4), (Note 2)

LM146
+22v
+30V
+15Vv

900 mW
Continuous
-55°C to +125°C
150°C
-65°C to +150°C
260°C

900 mW
100°C/W

+260°C

+215°C
+220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount de-

LM346
+18V
30V
+15Vv

500 mW
Continuous
0°C to +70°C
100°C
-65°C to +150°C
260°C

900 mW
100°C/W
115°C/W
500 mw
90°C/W

+260°C

+215°C
+220°C

Parameter Conditions LM146 LM346 Units
Min Typ Max Min Typ Max
Input Offset Voltage Ven=0V, Rg<50Q, To=25°C 0.5 5 0.5 6 mV
Input Offset Current Ven=0V, To=25°C 2 20 2 100 nA
Input Bias Current Vem=0V, To=25°C 50 100 50 250 nA
Supply Current (4 Op Amps) TA=25°C 14 2.0 14 25 mA
Large Signal Voltage Gain R =10 kQ, AV5yr=£10V, 100 1000 50 1000 vimVv
TA=25°C
Input CM Range TA=25°C +135 | *14 +135 | *14 Y
CM Rejection Ratio Rs<10 kQ, Tp=25°C 80 100 70 100 dB
Power Supply Rejection Ratio Rs<10 kQ, To=25°C, 80 100 74 100 dB
Vg = ¥5to £15V
Output Voltage Swing R, =10 kQ, To=25°C +12 +14 +12 +14 \%
Short-Circuit TA=25C 5 20 35 5 20 35 mA
Gain Bandwidth Product TA=25°C 0.8 1.2 0.5 1.2 MHz
Phase Margin TA=25°C 60 60 Deg
Slew Rate T,=25°C 0.4 0.4 Vius
Input Noise Voltage f=1 kHz, To,=25°C 28 28 nv/JAz
Channel Separation R_ =10 kQ, AVo,1=0V to 120 120 dB
+12V, To,=25°C
Input Resistance TA=25°C 1.0 1.0 MQ
Input Capacitance TA=25°C 2.0 2.0 pF
Input Offset Voltage Vem=0V, Rgs50Q 0.5 6 0.5 7.5 mV
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DC Electrical Characteristics  (continued)
(Vg=%15V, lge+=10 pA), (Note 4)
Parameter Conditions LM146 LM346 Units
Min Typ Max Min Typ Max
Input Offset Current Veu=0V 2 25 2 100 nA
Input Bias Current Ven=0Vv 50 100 50 250 nA
Supply Current (4 Op Amps) 1.7 2.2 1.7 25 mA
Large Signal Voltage Gain R, =10 kQ, AV r=%10V 50 1000 25 1000 VimVv
Input CM Range +135 +14 +13.5 +14 \Y
CM Rejection Ratio Rs<50Q 70 100 70 100 dB
Power Supply Rejection Ratio | Rg<50Q, 76 100 74 100 dB
Vg = 5V to £15V
Output Voltage Swing R, 210 kQ +12 +14 +12 +14 \%
DC Electrical Characteristic
(Vg=%15V, lggr=10 pA)
Parameter Conditions LM146 LM346 Units
Min Typ Max Min Typ Max
Input Offset Voltage Veu=0V, Rgs50Q, 0.5 5 0.5 7 mV
TA=25°C
Input Bias Current Vem=0V, To=25°C 7.5 20 7.5 100 nA
Supply Current (4 Op Amps) TA=25°C 140 250 140 300 LA
Gain Bandwidth Product TA=25°C 80 100 50 100 kHz
DC Electrical Characteristics
(Vg=%1.5V, Igg1=10 pA)
Parameter Conditions LM146 LM346 Units
Min Typ Max Min Typ Max
Input Offset Voltage Ven=0V, Rg=50Q, 0.5 5 0.5 7 mV
TA=25C
Input CM Range TA=25C +0.7 +0.7 \Y
CM Rejection Ratio Rs<50Q, To=25°C 80 80 dB
Output Voltage Swing R, =10 kQ, To,=25°C +0.6 +0.6 \Y

temperature will be exceeded.

Note 1: For supply voltages less than 15V, the absolute maximum input voltage is equal to the supply voltage.

Note 4: These specifications apply over the absolute maximum operating temperature range unless otherwise noted.
Note 5: Refer to RETS146X for LM146J military specifications.

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tjmax, 6ja, and the ambient temperature,
Ta- The maximum available power dissipation at any temperature is Py=(Tjyax - Ta)/ja or the 25°C Pgmax, Whichever is less.

Note 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
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2 Typical Performance Characteristics
<
g Input Bias Current vs | ggt Supply Current vs | get Open Loop Voltage Gain
! vs |
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Open Voltage Swing vs
Supply Voltage
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Input Bias Current vs

Temperature
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Open Loop Voltage Gain
vs Temperature
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Typical Performance Characteristics

(Continued)

Input Voltage Range vs
Supply Voltage

16

INPUT VOLTAGE RANGE (+V)
®

2 Tp=25°C
ISeT = 1004
0 2 4 6 8 10 12 14 16

SUPPLY VOLTAGE (tV)
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Input Offset Current vs

Temperature
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Gain Bandwidth Product
vs Temperature
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Input Bias Current vs w
Input Common-Mode S
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Supply Current vs
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Slew Rate vs
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Typical Performance Characteristics  (continued)
Input Noise Voltage vs Input Noise Current vs Power Supply Rejection
Frequency Frequency Ratio vs Frequency
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Voltage Follower Pulse Voltage Follower Transient
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R =10kQ
-20 .
0 100 200 300 0 1 2 3 4 5
TIME (us) TIME (us)
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Transient Response Test Circuit
ViN
Vour
‘T
- - DSO?5654-6
Application Hints .
1 1 1T T T°1
Avoid reversing the power supply polarity; the device will fail. 2 g0 [ CURRENT LMIT{cL) 1]
Common-Mode Input  Voltage: The negative f »
common-mode voltage limit is one diode drop above the 2
negative supply voltage. Exceeding this limit on either input E ol LIMIT (1gL4)
will result in an output phase reversal. The positive € n T
common-mode limit is typically 1V below the positive supply 5 g LA
voltage. No output phase reversal will occur if this limit is ex- 5, 7 Ve= 415V
ceeded by either input. - Ta=25C
. . 0
Output Voltage Swing vs | ge1: For a desired output voltage 0 2 4 & 8 W0
swing the value of the minimum load depends on the positive 1SET (WA)
and negative output current capability of the op amp. The DS005654-7
maximum available positive output current, (I, .), of the de- FIGURE 1. Output Current Limit vs | g
vice increases with Isg+ whereas the negative output current
(Ic.2) is independent of Iggr. Figure 1 illustrates the above.
www.national.com 6
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Application Hints

Input Capacitance: The input capacitance, C,, of the
LM146 is approximately 2 pF; any stray capacitance, Cg,
(due to external circuit circuit layout) will add to C,\. When
resistive or active feedback is applied, an additional pole is
added to the open loop frequency response of the device.
For instance with resistive feedback (Figure 2), this pole oc-
curs at %21t (R1||R2) (C,y + Cs). Make sure that this pole oc-
curs at least 2 octaves beyond the expected -3 dB fre-
quency corner of the closed loop gain of the amplifier; if not,
place a lead capacitor in the feedback such that the time
constant of this capacitor and the resistance it parallels is
equal to the R|(Cg + C,\), where R, is the input resistance of
the circuit.

(Continued)

Ry R2
= [
CiN+Cs
T
DS005654-9
FIGURE 2.

Temperature Effect on the GBW: The GBW (gain band-
width product), of the LM146 is directly proportional to lget
and inversely proportional to the absolute temperature.
When using resistors to set the bias current, lgg, of the de-
vice, the GBW product will decrease with increasing tem-
perature. Compensation can be provided by creating an lgg+
current directly proportional to temperature (see typical ap-
plications).

Isolation Between Amplifiers:  The LM146 die is isother-
mally layed out such that crosstalk between all 4 amplifiers is
in excess of =105 dB (DC). Optimum isolation (better than
-110 dB) occurs between amplifiers A and D, B and C; that
is, if amplifier A dissipates power on its output stage, ampli-
fier D is the one which will be affected the least, and vice
versa. Same argument holds for amplifiers B and C.

LM146 Typical Performance Summary: The LM146 typical
behaviour is shown in Figure 3. The device is fully predict-
able. As the set current, Ise, increases, the speed, the bias
current, and the supply current increase while the noise

power decreases proportionally and the Vogremains con-
stant. The usable GBW range of the op amp is 10 kHz to
3.5-4 MHz.

1M =y =sszulily 4
il
il
i /
=) /1
T m 04 ?" 1 50
B T = -
S T > E
g S &
£ Al - >
2 100k i 008 S +s5 T
[T} T Tt <
i i
i
il
’
10k I 0004  Los
1 10 100 1k

SUPPLY CURRENT (1A)

0.1 1 10

ISET (LA)

L — e — 9 v
r > g 2
* f Hz

852 (85)2 | (85)2
5 - 18

DS005654-8

FIGURE 3. LM146 Typical Characteristics

Low Power Supply Operation:  The quad op amp operates
down to £1.3V supply. Also, since the internal circuitry is bi-
ased through programmable current sources, no degrada-
tion of the device speed will occur.

Speed vs Power Consumption: LM146 vs LM4250 (single
programmable). Through Figure 4, we observe that the
LM146’s power consumption has been optimized for GBW
products above 200 kHz, whereas the LM4250 will reach a
GBW of no more than 300 kHz. For GBW products below
200 kHz, the LM4250 will consume less power.

10M = 4
i
—
= =
o)
= Lt E
e M= 0.2 V/gs g
= T T 44\ m
=2 1 i TN\ HEL E
g LIS :
T 0.02 V/us 1 \\9‘1" :\, ‘ ES
Z 100k | = A Viusll .08 5
@ it i ?I.J V/us EEHTH] g\’
Z 0.05 V/ps|
10k L LU 0.004

1 10 100 1k

SUPPLY CURRENT (uA)
DS005654-10

FIGURE 4. LM146 vs LM4250
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2 | Typical Applications
<
g Dual Supply or Negative Supply Blasing Single (Positive) Supply Blasing
i
=
-
1 U 16 16
2 15 15
— — —
14
=l b q 14 14
. 4 13 13 V-
VY o V/
5 12 12
— H— —— -
5 ° ] Lil
7 10 10
RSET glger serfo PSET 9
A A4
— LM346 'j_-
DS005654-39
DS005654-11
V—|—0.6V
IsE v _Vt—06V
RseT IseT= R
SET
Current Source Blasing
with Temperature Compensation
1 U 16
2 L3 Blasing all 4 Amplifiers
3 p q 1 with Single Current Source
4 13  _
— p— v l ,
5 12 2 16
— tH—
' < L
! : > <l
9
3] SET SET i v~
LM346 12
+ pr—
DS005654-40 C_ 1
ep = 877 MV L
SET R .
SET
* The LM334 provides an Iggt directly proportional to absolute
temperature. This cancels the slight GBW product Temperature coefficient LM346
of the LM346.
DS005654-41
IseT1_R2 67.7 mV
et R SET1 TISET2=—2——
SET2 RseT
* For IsgT1=IggT2 resistors R1 and R2 are not required if a slight error
between the 2 set currents can be tolerated.
If not, then use R1 = R2 to create a 100 mV drop across these resistors.
www.national.com 8
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Active Filters Applications §
Basic (Non-Inverting “State Variable”) Active Filter Building Block E

100k C_g

ai'AAs b

RSET

DS005654-12

® The LM146 quad programmable op amp is especially suited for active filters because of their adequate GBW product
and low power consumption.
Circuit synthesis equations (for circuit analysis equations, consult with the LM148 data sheet).
Need to know desired: f, = center frequency measured at the BP output
Qo = quality factor measured at the BP output
Ho = gain at the output of interest (BP or HP or LP or all of them)
¢ Relation between different gains: Ho@gp) = 0.316 X Qo X Ho(p): Hop) = 10 X Ho(Hp)

J . 5.033 X 10*2(Sec)
f0
(3.478 00_1 )
E + 10—
1.1
1.1 X 105  HoHp) -

® For HP t: Rq = ;
or ouput: Ha 3.478 Qo (1.1 — Ho(Hp)) — HoHP)

— + 105
1
« For LP output: Rq = 11105 Ry = Hop)
PULga. 3.478 Qq (11 _HO(LP))_HO(LP), 1 +10-5
RQ

® For BR (notch) output: Use the 4th amplifier of the LM146 to sum the LP and HP outputs of the basic filter.

DS005654-33

Note. All resistor values are given in ohms.

Rg
Ry N _ Ry fnotch
[ VW — =0316 ——
1 Xe M RL fo

DS005654-34

HP O

DS005654-13

9 www.national.com
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2 Active Filters Applications  (continued)
—
~
<
b Determine R ding to the desired gains: R —Be
s etermine Rg according to the desired gains: Ho(gR) =R Ho(LP): Ho(BR) = R_Ho(HP)
5 f<<fnotch "L f>>fnotch  "H
® Where to use amplifier C: Examine the above gain relations and determine the dynamics of the filter. Do not allow slew rate limiting in any output (Vyp, Vgp,
Vip), that is:
IsET 1
7 <63.66 X 103 X X Volt
IN(peak) 10 A X Ho( olts)
If necessary, use amplifier C, biased at higher IsgT, where you get the largest output swing.
Deviation from Theoretical Predictions: Due to the finite GBW products of the op amps the f,, Q,, will be slightly different from the theoretical predictions.
Q
f = Q 2 = 0
real ' 21, cJreal 73'2 fo X Qo
GBW GBW
DS005654-35
A Simple-to-Design BP, LP Filter Building Block
3.9k
1/4 LM346
DS005654-14
« If resistive biasing is used to set the LM346 performance, the Q, of this filter building block is nearly insensitive to the op amp’s GBW product temperature
drift; it has also better noise performance than the state variable filter.
Circuit Synthesis Equations
0.159 Rq R
Ho(gr) = QoHo(Lpyi R X C = iRa=Qo X RiRIN = g
[o] o(BP) o(LP)
DS005654-36
«For the eventual use of amplifier C, see comments on the previous page.
www.national.com 10
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Active Filters Applications  (continued)

A 3-Amplifier Notch Filter (or Elliptic Filter Building Block)

3.9k
NN

Vin

Circuit Synthesis Equations

0.159 0.159 X f,
R X C=——Ro=Q X R; RN =,—2°
fo C' X f notch
R C'
HoRy)l BM Ho@Ry)| 2
f<<fpotch "IN f>>fnotch

DS005654-37

«For nothing but a notch output: Rjy=R, C'=C.

Capacitorless Active Filters (Basic Circuit)

R6

DS005654-15

ViN AV

+

1/4 LM346

Lp

Vg = +15V

DS005654-16

IPEWT/OVTINT

11

www.agelectronica.com

www.national.com

www.agelectronica.com



www.agelectronica.com www.agelectronica.com

(e}
2 Active Filters Applications  (continued)
|
~~
O
:"' ® This is a BP, LP, BR filter. The filter characteristics are created by using the tunable frequency response of the LM346.
63.66 x 103 | A V
E ¢ Limitations: Q, < 10, f, X Qg < 1.5 MHz, output voltage should not exceed Vpeak(out) < — X —S1E0T(—“A) W
o L
ODesineuations-za:’:w-'—l:‘5 = R2 c= R3 d= R7 e= R10 f ~f\/§H =axcH —CQ— X b
an &g ' Re '~ R1I+R2° R3+R4" RB+RTC  Rot RI0 0B T luypMo@P) = 8 X G Rowp) = i Mo =12
c
fo@R) = fo(aP), (1 - B) = fogp) (C < < 1) provided thatd = Hogp) X €, HogR) - %

® Advantage: f,Qo, Ho can be independently adjusted; that is, the filter is extremely easy to tune.
® Tuning procedure (ex. BP tuning)
DS005654-38
1. Pick up a convenient value for b; (b < 1)
2. Adjust Q, through R5
3. Adjust Ho(gp) through R4
4. Adjust f, through Rggt. This adjusts the unity gain frequency (f,) of the op amp.

A 4th Order Butterworth Low Pass Capacitorless Filter

R6
1k

—AAA
A A A4

+

1/8 LM346

—O Vour

DS005654-17

Ex: fc = 20 kHz, H, (gain of the filter) = 1, Qg = 0.541, Qg2 = 1.306.

«Since for this filter the GBW product of all 4 amplifiers has been designed to be the same (0L MHz) only one current source can be used to bias the circuit.
Fine tuning can be further accomplished through Ry,

Miscellaneous Applications

A Unity Gain Follower
with Bias Current Reduction

1/4 LM346
A(C)

Vg = +15V

1/4 LM346
B (D)

DS005654-18

* For better performance, use a matched NPN pair.
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Miscellaneous Applications  (continued)

Circuit Shutdown

1

U

IPEWT/OVTINT

2 15
— LN
1> <l
v LA v-
15V 4 13 —15V
0AuF 1 2 0.14F
L P | <l =
7 10 s
Rser 8| ser SET|9
e LM345 1.5M
= RSET
v
VN
200k =
OFF
20k

as a very low speed analog switch.

* By pulling the SET pin(s) to V™~ the op amp(s) shuts down and its output goes to a high impedance state. According to this property, the LM346 can be used

Voice Activated Switch and Amplifier

DS005654-42

CONTROL

by <
£

p—O AUDIO OUT

DS005654-43

www.agelectronica.com
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Miscellaneous Applications  (continued)

X10 Micropower Instrumentation Amplifier with Buffered Input Guarding

LM146/LM346

vi=1s5v

DS005654-19

* CMRR: 100 dB (typ)
« Power dissipation: 0.4 mW

Schematic Diagram

» —O V' (4)
L‘| ulstﬂ
16
9——1 o
L
. 30
Q14 OE’{ MV
lUUT
-IN [\}] a2 +IN
an
Cc
6 pF TO OTHER
V- V- 11 l‘“” J‘:m v vt OP AMPS
W] l\ N
I
me | ™
m;:{L N
a8
20 ]
[i¥] [\ a21 a7 s
A2
*®S
VT (13)
DS005654-2
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—
. . ) =
PhyS|caI DImensions inches (millimeters) unless otherwise noted N
o
0.785 =
[19.94] MAX —— =z
16 9 C_g
DA A AN AN A T >
0.220-0.310
[5.59-7.87]
0.025 PELPILP IV I W I I P BN
R g 1 8
[0.64] 0.005-0.020
R T0.13-0.51] TP
0.037£0.005
> [— TYP
0.005 [0.94+0.13] %.290_0.32]0_
) B 0.055£0.005 7.37-8.13
M[laﬂT-’;]P—’ N > [ Tlrs0zo013 P GLASS SEALANT
f 0.020-0.060 1yp v
0.200 . [0.51-1.52] 0.180 o
] -180 MAX
[5.08] :U:l ‘ [4.57]
MAX TYP L 0.010 £ 0.002
? 0 TYP
0.150 ) [0.25£0.05]
! L[] H i [3.81]MN TP U
0.125-0.200 | i
TYP — 950+ 50
[3.18-5.08] TYP ~TYP
0.080 e g
BO[T%{.OE?\I]DZAX_» a . 0.01840.003 -~ 3
[0.460.08] /P [7.87-10.41] J16A (REV L)
0.100£0.010 1yp
[2.54%0.25]
Cavity Dual-In-Line Package (J)
Order Number LM146J, LM146J/883
NS Package Number J16A
0.386 —0.394
(9.804—10.00)
116 15 14 13 12 11 10 9
0.228—0.244 a0°
(5.791-6.198) TYP
LEAD NO.1 Tz 3 4 5 6 7 8 )
IDENT 0.010 yax
(0.254)
0.150-0.157
> 3.810_2.988) |
0.010—0.020 0.053-0.069
02540508 < [ (1.346-1.753) 0.004-0.010
8° MAX TYP (0.102—0.254)
ALL LEADS
Y _J ¢ ——* AEIEIEIStsISIs) SEATING
* f % T PLANE
0.008 0,010 0.016-0.050 JLULULS 0.050 0.014-0.020 7yp
{0.203-0.258) e (0.356) (1.2m) " [0.356-0.508)
TYP ALL LEADS (0.406—1.270) TYP
0.004 TYP ALL LEADS 0.008 .o
(0.102) T 0.203) M16A (REV H)
ALL LEAD TIPS
S.O. Package (M)
Order Number LM346M
NS Package Number M16A
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Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

PIN NO. 1 IDENT \l\@
l

0.280

0.843-0.870
0.090
—— 21.41-22.10
—(0'092) (2.286)— ¢ )
2337
DIA NOM Now ) 5] [1a] [13] [iz] [1] [io] [9]
(2x) i

0.250 +0.005
@ (5.350+:n.1z7)

N G
0.300-0.320 |V.|AX

T = oo DRORERCRORCRORD)

0.040

(7.620-8.128) 0.060 {1.016) 0.130 +0.005
1.551 (1.524) 1 TYP‘—‘ r 3302:0.127) !

| m— * j_
_+_

95°+5° 0.009-0.015
(0.229-0.381)
0.075 +0.015 “
—— ]
0.325 :gg‘:g {1.905 -0.381)
T BT 0.1000.010
(8255 +1.u1s)
<99 _0.381 (2.540 £0.254)

LM146/LM346 Programmable Quad Operational Amplifiers

LIFE SUPPORT POLICY

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.

0.145-0.200
f Y (3583-5.080)
e 0.020

H_ 0.018:0003 0.125-0.1p (0:508)
1™ (0457 z0.075) (3.175-3.556)

N16A (REV E)

Molded Dual-In-Line Package (N)
Order Number LM346N
NS Package Number N16A

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:

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.
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