National
Semiconductor

LM148/LM248/LM348
Quad 741 Op Amps

General Description

The LM148 series is a true quad 741. It consists of four
independent, high gain, internally compensated, low power
operational amplifiers which have been designed to provide
functional characteristics identical to those of the familiar
741 operational amplifier. In addition the total supply current
for all four amplifiers is comparable to the supply current of a
single 741 type op amp. Other features include input offset
currents and input bias current which are much less than
those of a standard 741. Also, excellent isolation between
amplifiers has been achieved by independently biasing each
amplifier and using layout techniques which minimize ther-
mal coupling.

The LM148 can be used anywhere multiple 741 or 1558 type
amplifiers are being used and in applications where amplifier
matching or high packing density is required. For lower
power refer to LF444.

November 2003

Features
m 741 op amp operating characteristics

m Class AB output stage—no crossover distortion

m Pin compatible with the LM124

m Qverload protection for inputs and outputs

m Low supply current drain: 0.6 mA/Amplifier
m Low input offset voltage:
u
u
u
u
u

1mV

Low input offset current: 4 nA

Low input bias current 30 nA

High degree of isolation between amplifiers: 120 dB
Gain bandwidth product

LM148 (unity gain): 1.0 MHz

Schematic Diagram
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LM148/LM248/LM348

Absolute Maximum Ratings (Note 4)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Supply Voltage
Differential Input Voltage

Qutput Short Circuit Duration (Note 1)

LM148
+22V
+44V

Continuous

Power Dissipation (P4 at 25°C) and
Thermal Resistance (6,,), (Note 2)

Molded DIP (N) Py
Bia
Cavity DIP (J) P4

eJA

Maximum Junction Temperature (Tjyax)
Operating Temperature Range

Storage Temperature Range

Lead Temperature (Soldering, 10 sec.) Ceramic

1100 mwW
110°C/W
150°C
—55°C < T, <+125°C
-65°C to +150°C
300°C

Lead Temperature (Soldering, 10 sec.) Plastic

Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

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

260°C

215°C
220°C

—25°C < T, < +85°C
-65°C to +150°C

LM248

+18V
+36V

Continuous

800 mW
110°C/W

110°C

300°C

260°C

215°C
220°C

Distributors for availability and specifications.

LM348
+18V
+36V

Continuous

750 mW
100°C/W
700 mW
110°C/W
100°C

0°C <To<+70C
-65°C to +150°C

300°C

260°C

260°C

215°C
220°C

mount
devices.
ESD tolerance (Note 5) 500V 500V 500V
Electrical Characteristics
(Note 3)
Parameter Conditions LM148 LM248 LM348 Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta=25"C, Rg <10 kQ 10| 50 1.0 | 6.0 1.0 ] 6.0 mV
Input Offset Current To=25C 4 25 4 50 4 50 nA
Input Bias Current Ta=25C 30 | 100 30 | 200 30 | 200 nA
Input Resistance Ta=25C 08| 25 08| 25 08| 25 MQ
Supply Current All Amplifiers Tao=25C, Vg = =15V 24| 3.6 24| 45 24| 45 mA
Large Signal Voltage Gain Ta=25C, Vg = £15V 50 | 160 25 [ 160 25 [ 160 V/mV
Vour = £10V, R = 2 kQ
Amplifier to Amplifier To=25C, f=1Hzto 20 kHz
Coupling (Input Referred) See Crosstalk -120 -120 -120 dB
Test Circuit
Small Signal Bandwidth Ta=25C, 1.0 1.0 1.0 MHz
LM148 Series
Phase Margin Ta=25C, 60 60 60 degrees
LM148 Series (Ay = 1)
Slew Rate Tpo=257C, 0.5 0.5 0.5 V/ps
LM148 Series (Ay = 1)
Output Short Circuit Current To=25C 25 25 25 mA
Input Offset Voltage Rs <10 kQ 6.0 7.5 7.5 mV
Input Offset Current 75 125 100 nA
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Electrical Characteristics (continued)

(Note 3)
Parameter Conditions LM148 LM248 LM348 Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Input Bias Current 325 500 400 nA

Large Signal Voltage Gain Vg =15V, Vot = =10V, 25 15 15 V/mV
R, > 2kQ

Output Voltage Swing Vg = %15V, R_ =10 kQ +12| =13 +12( =13 +12| =13 \
R =2kQ +10| 12 +10| £12 +10| £12 Vv

Input Voltage Range Vg = £15V +12 +12 +12 \

Common-Mode Rejection Rs £ 10 kQ 70 | 90 70 [ 90 70 [ 90 dB

Ratio

Supply Voltage Rejection Rs €10 kQ, £5V < Vg < =15V 77 | 96 77 | 96 77 | 96 dB

Note 1: 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.

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dicated by T jyax, €ya, and the ambient temperature,
Ta. The maximum available power dissipation at any temperature is Pq = (Typmax — Ta)/0ya or the 256°C Ppyax, Whichever is less.

Note 3: These specifications apply for Vg = =15V and over the absolute maximum operating temperature range (T < Ta < Ty) unless otherwise noted.

Note 4: Refer to RETS 148X for LM148 military specifications.
Note 5: Human body model, 1.5 kQ in series with 100 pF.

Cross Talk Test Circuit v, = +15v

fouT
{10V PEAK]

-0

00778606

20

'out

00778607

T T T
~B5°C < Ty <+125°C

3

VOLTAGE LIMIT (V)

POSITIVE COMMON-MODE INPUT

/|
/

13 10

POSITIVE SUPPLY VOLTAGE (V)

15 20

00778643
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LM148/LM248/LM348

Typical Performance Characteristics

Supply Current Input Bias Current
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— ~ 30 +10 Vg
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1 I - " s \\
0 0
0 10 15 20 -65 -35 —15 5 25 45 65 B85 105 125
SUPPLY VOLTAGE (+V) TEMPERATURE ('C)
00778623 00778624
Voltage Swing Positive Current Limit
50 = 15
> l
£ [ T hl - Vg =15
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= 40 E NN
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z 3 o] \ \
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00778625 00778626
Negative Current Limit Output Impedance
s " Vg = +16V " Evs- v ER i
g F T, =25°C 11 i ]
— T
& N S 100
& =
] —65°C « =s i
E -10 \\ g 1 HAy =100 T m
= oo L | I
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Typical Performance Characteristics (continued)

Common-Mode Rejection Ratio

Open Loop Frequency Response

"o Vs = +15V |
w0 T = 25°C
‘\‘ ‘\
70 N \imiag
N\ N
g N N
g 50 LM148 \\ -
o N ‘\
.
10 ALY
) \.\
~1
10 100 1k 10k 100k 1M

FREQUENCY {H2)

00778630

Large Signal Pulse Response (LM148)

120 Vg = =16V
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80 \\
=
z ® \\LMMB
o
= \
w
2 LM148 N
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00778629
Bode Plot LM148
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00778631

Small Signal Pulse Response (LM148)
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z / \
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00778635

v
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0 40 80 120 160 200

TIME (us)
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Undistorted Output Voltage Swing
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LM148/LM248/LM348

Typical Performance Characteristics (continued)

Gain Bandwidth

1 T
Vs =15V
4.0 M

= LM149
-
£
T 30
(=
2]
=
g w0
<
[--]
z
S 10 LM148

0

-§6 -35-16 5 26 45 65 85 105 125
TEMPERATURE (°C)

00778638

Inverting Large Signal Pulse Response (LM148)

T [
v
10V 2 Vg = +15V |
R, =2
Ay=-1
0 / \ Ta=25°CH
E)
E -10
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Vin
-10 ¥
|
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Positive Common-Mode Input Voltage Limit

20 T T
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00778643

SLEW RATE (V/us)
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Slew Rate
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LM149
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| |
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00778639

Input Noise Voltage and Noise Current

160

5 100

MEAN NOISE VOLTAG
N e @
o e = &

T 16

Vesasvll ) o
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12 2
5
105
©“
08 S
N MEAN NOISE VOLTAGE a
I 06 =
MEAN NOISE CURRENT s
D4 =
0.2 %

0

10 100 1% 10k

FREQUENCY (Hz2)

00778642

Negative Common-Mode Input Voltage Limit

NEGATIVE COMMON-MODE INPUT
VOLTAGE LIMIT (V)

-20
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|

-5 -10

~15

NEGATIVE SUPPLY VOLTS (V)
00778605
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Application Hints

The LM148 series are quad low power 741 op amps. In the
proliferation of quad op amps, these are the first to offer the
convenience of familiar, easy to use operating characteris-
tics of the 741 op amp. In those applications where 741 op
amps have been employed, the LM148 series op amps can
be employed directly with no change in circuit performance.

The package pin-outs are such that the inverting input of
each amplifier is adjacent to its output. In addition, the
amplifier outputs are located in the corners of the package
which simplifies PC board layout and minimizes package
related capacitive coupling between amplifiers.

The input characteristics of these amplifiers allow differential
input voltages which can exceed the supply voltages. In
addition, if either of the input voltages is within the operating
common-mode range, the phase of the output remains cor-
rect. If the negative limit of the operating common-mode
range is exceeded at both inputs, the output voltage will be
positive. For input voltages which greatly exceed the maxi-
mum supply voltages, either differentially or common-mode,
resistors should be placed in series with the inputs to limit
the current.

Like the LM741, these amplifiers can easily drive a 100 pF
capacitive load throughout the entire dynamic output voltage
and current range. However, if very large capacitive loads
must be driven by a non-inverting unity gain amplifier, a
resistor should be placed between the output (and feedback
connection) and the capacitance to reduce the phase shift
resulting from the capacitive loading.

Typical Applications—LM148

One Decade Low Distortion Sinewave Generator

R3

AAA

The output current of each amplifier in the package is limited.
Short circuits from an output to either ground or the power
supplies will not destroy the unit. However, if multiple output
shorts occur simultaneously, the time duration should be
short to prevent the unit from being destroyed as a result of
excessive power dissipation in the IC chip.

As with most amplifiers, care should be taken 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 “pickup” and maximize the frequency of the feed-
back pole which capacitance from the input to ground cre-
ates.

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 consequently there
is negligible effect on stability margin. However, if the feed-
back pole is less than approximately six 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.

VvV
RS

R2

4

oz
a I:

Rl
174 LM148 A - )
A1
A2
* 1/4 LM148 AW -
— ¢}
= + Your 1/4 LM148
— +
00778608
1 — R4R5 [ 1 1 1 - Ron
f= e WK K 5 e | e b — b ) g =
27R1C1 R3 \rpgs R4 RS (1 _ V(;3>‘/2
Vp

fwax = 5 kHz, THD < 0.03%

R1 = 100k pot. C1 = 0.0047 pF, C2 = 0.01 pF, C3 = 0.1 pF, R2 = R6 = R7 = 1M,
R3 = 5.1k, R4 = 12Q, R5 = 240Q, Q = NS5102, D1 = 1N914, D2 = 3.6V avalanche
diode (ex. LM108), Vg = £15V

A simpler version with some distortion degradation at high frequencies can be made
zeners in the feedback loop of A3.

Hs
IR
I

by using A1 as a simple inverting amplifier, and by putting back to back

www.national.com
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LM148/LM248/LM348

Typical Applications—LM148 (continued)
Low Cost Instrumentation Amplifier

[0 e I3

1/4 LM148

Rt

1/4 LM148 O Vour

1/4 LM148

00778609

Vout = 2(-:—? + 1) Vg -3V < Vinom < Vs© — 3V,

Vg = £15V
R = R2, trim R2 to boost CMRR

Low Drift Peak Detector with Bias Current Compensation

20k
& VAN

500k
A

D2 1/4 LM148 —O Vpeax
1N914

1/4 LM148 +

Vin O Ce

I 2N2906

1/4 LM148

ty

00778610
Adjust R for minimum drift

D3 low leakage diode
D1 added to improve speed
Vg = =15V
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Typical Applications—LM148 (continued)

Universal State-Variable Filter

R5
100k

1/4 LM148

Vin O

1/4 LM148

Tune Q through RO,
For predictable results: fo Q < 4 x 10*
Use Band Pass output to tune for Q

_V(§L_ﬂ(§l D(S)232+&)—°+w02
Ving  Ds) Q

NLp = wo? HoLp.

swg Hopp
Nppes) = S2 Howp, Naps) = E-—

1/4 LM148

o [R6 [ b = RGC O_(1+R4]R3+H4[HO) (@h)‘/z
° 2z VRsVur' ' 7 1 + R6|RS5 R5 tz

¢ 1 ( A )‘/z H B 1 + F6|R5 H 1+ R4|R3 + R4|RO

NOTCH ™ o \Ritip/ O T T RalRo + R3|R4a’ ©°7 1+ R3|RO + R3A4
1 + R5|R6

Hop =

1 + R3IRO + R3|R4

00778611
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LM148/LM248/LM348

Typical Applications—LM148 (continued)

A 1 kHz 4 Pole Butterworth

AAA
h A A
100k
AA,
A A A
10k I
\ 0.001F |1
14 1M148 AN - 8|
50.3k 0.001F
Vin + 1/4 LM148 A -
150k 50.3k
+ 1/4 LM148 O Vourt
56,6k
- +
- AAA —
LA A -
100k
AAA
AAAd
100k
A
100k
‘y_____-_ﬁv\ﬁv_-___-—
10k i
- 0.0014F
4
/4 LM14B SV W— -
50.3k 0.001:F
1/4 LM148
50.3
8.4k :, + 174 LM148 P Vi72
<
— 100k
] AN -
00778612

Use general equations, and tune each section separately

QistsecTion = 0.541, Qangsection = 1.306
The response should have 0 dB peaking

A 3 Amplifier Bi-Quad Notch Filter

Y
R7
AVAVA'
i} = } Av;fv
1 - c2 I I
L
A =
1/4 LM148 v;;‘v 1
+ Vowr 1/4LA148 AV -
A6 " ouTis, { R3
¢ = RED + L 1/4 LM1a8
3
= < +
Vin(5) O v =
00778613
R8 R1C1 1 R8 1
Q = — X mmmm— | f = —— —'X————vaOTCH::l fe
R7  VR3C2R2C1 27 VR? R2R3C1C2 2w VR3R5R7C1C2
Necessary condition for notch: 2 = i
R6 R4R7

Ex: fyoton = 3 kHz, Q =5, R1 =270k, R2 = R3 = 20k, R4 = 27k, R5 =20k, R6 = R8 = 10k, R7 = 100k, C1 = C2 = 0.001 pF

Better noise performance than the state-space approach.
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Typical Applications—LM148 (continued)

A 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros)

AN
RS
‘;__NW___ 100k
R6 I
- 4]
| 4
174 LM148 b—AAA i ]
/1 i}
Vs O—AN N9 + 1/4 LM148 P AAN G -
R3 8P 82
>
RO < Ry + 1/4 LI148 4
P
= +
- AAA =
R4 -
Ny
Ry
AN,
's
P AN Wy
RE i Ry \
- L2
b
1/4 LM148 - .
Rl 2
+ 1/4 LAI148 ANt -
B8P R'2
"o + 14 L0148
= +

R1C1 =R2C2 =t
R1C'1 = R2C2 =t

L
100k

R'L
14 LM148

fc =1kHz, fs=2kHz, f,=0.543, fz=2.14, Q=0.841, ' p=0.987, ' z7=4.92, Q = 4.403, normalized to ripple BW

1

[ S —
27R1C1

x K K =

R4R5
R3

Use the BP outputs to tune Q, Q', tune the 2 sections separately
R1 = R2 =926k, R3=R4 =R5= 100k, R6 = 10k, RO = 107.8k, R_ = 100k, Ry = 155.1k,
R'1 = R2 =509k, R4 =R'5 =100k, R'6 = 10k, R'0 =5.78k, R'_ =100k, R'y =248.12k, R'f= 100k. All capacitors are 0.001 pF.

GAIN (dB)

(1 11
[ A
s R4 RS

Ron
_Ves
Vp

1

), ps = (

Lowpass Response

/’-ﬂ“

100

1k 10k
FREQUENCY (Hz)

100k

00778615

e OB

00778614
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LM148/LM248/LM348

Typical Simulation

LM148, LM741 Macromodel for Computer Simulation

Vee
RC1 RC2
53 pappr 5.3k
]l
+ O
Rel Re2
2712 2712k
Ve
- N RE lee
—— 241 pF S 9.8 20.260A
— —
- -Vee

00778621
For more details, see IEEE Joumal of Solid-State Circuits, Vol. SC-9, No. 6, December 1974

Note 6: o7 = 112l =8 x 10716
Note 7: o, = 144*C2 = 6 pF for LM149

1803V

c2*
30 pF
i
¢ 4 11 . 4 \ 4

Vi

Ve Vs > >
R2 R
CD o O 1) Ok o3
42.87
5.9n0 150.840 < 100k ursmy & 28N

g ¢ l &

00778622
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Connection Diagram

ouT 4 iNg N V- N3 N3 ouT3

1 2 3 4 § B 7
ouTt N1 Nt v* Nz INZ aurz
00778602
Top View
Order Number LM148J, LM148J/883, LM248J, LM348M, or LM348N
See NS Package Number J14A, M14A or N14A
LM148J is available per JM38510/11001

13
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LM148/LM248/LM348

Physical Dimensions

unless otherwise noted

inches (millimeters)

0.785

(19.939)
MAX
[ [ [7] [ [o] [s] [6]

0.025
{0.635)
RAD

0.220-0.310
{5.588—17.874)

KR ANEIRC R EI N R

0.280-0.320 0005 _ 0.200
{7.366-8.128) (0-&2'11) GLASS 0.060 +0.005 (5.080)
eerereeerereeeeereeeereeeeeree, e
& SEA;-ANT {1,524 :0.127) MAX g 020-0.050
) | . -
0.180 MAX q 1 — (0.508-1.524)
a5y
f 95° 157 86°94° Tv—\ *
10° MAX * 0.008-0.012 U
0.310-0.410 {0.203-0.305) 0.018 0.003 4' 01250200
(1.874-10.41) 0.098 {0.457 <0.076) B
(2.480) {3.175-5.080)
MAX BOTH ENDS 0.100:0.010 .150
{2.540 +0.254) e
MIN JI4A (REV G)
Ceramic Dual-In-Line Package (J)
Order Number LM148J, LM148J/883, LM248J
NS Package Number J14A
6.335-0.344
‘I {8.509 —8.738}
M 13 2 1t g 8
: A g
0.228 ‘—0.244 00
{5.791-6.1%8) '\\) N
LEAD ND. 4 «I ~ /// \
oENT Y U ﬁ U U U U U - i ¥
1 2 3 4 5 6 7
0010 papx
0250
0.156 - 0.157
{0 23.588)
- 0.063-0.069
T <] - ]
8° MAX TYP 0.004-0.010
ALL LEADS {0-102—0.254)
e ————————————
j—? N SEATING ; — il el f
PLANE
0,008 -0.010 ? T L8 e 0.044-0,020
{0.208-0.259) . 0.016-0.050 [ T - W o
TYP ALL LEADS 9.604 {0.406—1.270} TP 0,008
oz TYP ALL LEADS i oz0s
ALLLEAD TIPS [

S.0. Package (M)
Order Number LM348M or LM348MX
NS Package Number M14A
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740 - 0.770

(18.80 - 19.56)

-

 _[14] [13] [ra] [vo] [io] [9]

0.090
(2.286)

0.250:£0.010
{6.350£0.254)

INDEX __
AREA

PINNG. YT PINND.1_
IDENT 2] 3] 2] (50481 L] IDENT EERRE
009 o0 0.080 max S
337)  [0.762) DEPTH
OPTION 1 OPTION 02
0.13520,005 0.300-0,320
3.420%0.127
0.145-0.200 ‘ )_> . 0080 L et Tep {7520-8.128) s
(3.663—5.080] ‘ (1.528) ™ gemonad {1.851)
i
B Sysy —
] 7 o5 45  0.008-0.016 [
0.020 y ~ 90° 40 TVP e e {0.203-0.406)
{0.508) e
MmN 0.125-0.150 ] ! 0.075:0.015
Bis—3810) || -»‘ <505 L0.387] (gf:ﬂg)
0.014-0.023 (1. 112) =
wasscesen T Tl 0.100+0.010 MIN
6.356 —0.584) B ihcinchad
! ! L 050_:) oo 12540 £0.254) . .
— AB0L0.010 1yp +0.040
1.270-0.254) B3 pors
+1.016
(“55 ) T,

Molded Dual-In-Line Package (N)
Order Number LM348N
NS Package Number N14A

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.

BANNED SUBSTANCE COMPLIANCE

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.

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.
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www.national.com

National Semiconductor

Japan Customer Support Center
Fax: 81-3-5639-7507

Email: jpn.feedback@nsc.com

Tel: 81-3-5639-7560

National Semiconductor
Asia Pacific Customer
Support Center

Email: ap.support@nsc.com

National Semiconductor
Europe Customer Support Center
Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Francgais Tel: +33 (0) 1 41 91 8790

National Semiconductor
Americas Customer

Support Center

Email: new.feedback@nsc.com
Tel: 1-800-272-9959

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.
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