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&National Semiconductor

LM3303/LM3403
Quad Operational Amplifiers

General Description

The LM3303 and LM3403 are monolithic quad operational
amplifiers consisting of four independent high gain, internal-
ly frequency compensated, operational amplifiers designed
to operate from a single power supply or dual power sup-
plies over a wide range of voltages. The common mode
input range includes the negative supply, thereby eliminat-
ing the necessity for external biasing components in many
applications.

Features

m Input common mode voltage range includes ground or
negative supply

m Output voltage can swing to ground or negative supply

February 1995

W Four internally compensated operational amplifiers in a
single package

Wide power supply range single supply of 3.0V to 36V
dual supply of £1.5V to £18V

m Class AB output stage for minimal crossover distortion
m Short circuit protected outputs
]
]

High open loop gain 200k
LM741 operational amplifier type performance

Applications
m Filters
| Voltage controlled oscillators

Connection Diagram

Order Information

14-Lead DIP and SO-14 Package Device Package Package
o~ he o Code Code Description
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
Storage Temperature Range
Ceramic DIP
Molded DIP and SO-14
Operating Temperature Range
Industrial (LM3303)
Commercial (LM3403)

Lead Temperature

—65°Cto +175°C
—65°Cto +150°C

—40°Cto +85°C
0°Cto +70°C

Ceramic DIP (Soldering, 60 sec.) 300°C
Molded DIP and SO-14
(Soldering, 10 sec.) 265°C

LM3303 and LM3403

Electrical Characteristics 15 = 25°C, voc = +15V, unless otherwise specified

Internal Power Dissipation (Notes 1, 2)

14L-Ceramic DIP 1.36W
14L-Molded DIP 1.04W
SO-14 0.93W
Supply Voltage between V+ and V— 36V
Differential Input Voltage (Note 3) +30V
Input Voltage (V—) —03VtoV+

ESD Tolerance

(To Be Determined)

Symbol Parameter Conditions L3303 LM34ee Units
Min Typ Max | Min Typ Max
Vio Input Offset Voltage 2.0 8.0 2.0 8.0 mV
llo Input Offset Current 30 75 30 50 nA
IiB Input Bias Current 200 500 200 500 nA
Z) Input Impedance 0.3 1.0 0.3 1.0 MQ
lcc Supply Current Vo =0V,R_ = = 2.8 7.0 2.8 7.0 mA
CMR Common Mode Rejection Rs < 10 kQ 70 90 70 90 dB
VIR Input Voltage Range +12V | +12.5V +13V | +13.5V v
toV—| toV— toV—| toV—
PSRR Power Supply
Rejection Ratio $o 150 % 150 | pv/v
los Output Short Circuit Current
+ + + + + +
(Per Amplifier) (Note 4) 12 98 v A 3 451 mA
. { A
Avs Large Signal Voltage Gain Vo = £10V, 20 200 20 200 V/mv
RL = 2.0 kQ
Vop Output Voltage Swing RL = 10k +12 125 +12 +13.5 v
RL = 2.0kQ +10 12 +10 +13
TR Transient Rise Time/ Vo = 50mV,
Response Fall Time Ay = 1.0,R_ = 10kQ Nt 5e pe
Overshoot Vo = 50mV, o
Ay = 1.0,R_ = 10kQ R 50 N
BW Bandwidth Vo = 50 mV,
Ay = 1.0,R_ = 10k 10 10 iz
SR Slew Rate V= —10Vto +10V, 06 06 V/us
Ay = 1.0
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LM3303 and LM3403 (Continued)

Electrical Characteristics Tp = 25°C, Vog = +15V, unless otherwise specified

The following specifications apply for —40°C < Tp < +85°C for the LM3303, and 0°C < Tp < +70°C for the LM3403

Symbol Parameter Conditions LM3303 L8403 Units
Min Typ Max Min Typ | Max
Vio Input Offset Voltage 10 10 mV
AV|o/AT | Input Offset Voltage c
Temperature Sensitivity 10 3¢ fYAC
o Input Offset Current 250 200 nA
Aljo/ AT Input Offset Current o
Temperature Sensitivity %0 59 PACR
B Input Bias Current 1000 800 nA
Avs Large Signal Voltage Gain Vo = =10V,
RL > 2.0 kO 15 15 V/mV
Vop Output Voltage Swing RL = 2.0kQ +10 +10 \"
LM3303 and LM3403
Electrical Characteristics 1, = 25°c, v+ = 5.0V, V— = GND, unless otherwise specified
Symbol Parameter Conditions LM3303 Lijads Units
Min Typ | Max | Min Typ | Max
Vio Input Offset Voltage 8.0 2.0 8.0 mV
llo Input Offset Current 75 30 50 nA
B Input Bias Current 500 200 500 nA
Icc Supply Current 2.5 7.0 25 7.0 mA
PSRR Power Supply
Rejection Ratio Yo0 150, [PV
Avs Large Signal Voltage Gain RL > 2.0kQ 20 200 20 200 V/mV
Vop Output Voltage Swing RL = 10 kQ 3.3 3.3
(Note 5) 5.0V < V+ <30V, | (V+) (V+) v
RL = 10k —-2.0 —-2.0
i <f<
CS Channel Separation 1.0Hz < f <20 kHz 120 120 dB
(Input Referenced)

Note 1: Tj pmax = 150°C for the Molded DIP and SO-14, and 175°C for the Ceramic DIP.

Note 2: Ratings apply to ambient temperature at 25°C. Above this temperature, derate the 14L-Ceramic DIP at 9.1 mW/°C, the 14L-Molded DIP at 8.3 mW/°C, and

the SO-14 at 7.5 mW/°C.

Note 3: For supply voltage less than 30V between V+ and V —, the absolute maximum input voltage is equal to the supply voltage.
Note 4: Not to exceed maximum package power dissipation.

Note 5: Output will swing to ground.
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Typical Performance Characteristics

OPEN LOOP VOLTAGE GAIN (dB)

OUTPUT VOLTAGE RANGE (Vp_p)

o 8 8 8 8 8 B

»
3

30

20

Open Loop
Frequency Response
Vec =215V
Ty=25%C

1.0 10 100 1.0k 10k 100k 1.0M
FREQUENCY (Hz)

Output Swing vs
Supply Voltage

Ty =25°C

7

0 2040608010 12 14 16 18 20

SUPPLY VOLTAGE (V)

0.5 mV/Div

50 mV/Div

400

300
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Sine Wave Response

Ay=100

N

V'V

MNANAIANAN

NOTE: Class AB output stage produces
distortlonless sine wave

50 ps/Div

Input Bias Current
vs Temperature

Voo =215V]

0
=75=55=35=15 5 25 45 65 85105125

TEMPERATURE (°C)

OUTPUT VOLTAGE (Vp.p)

INPUT BIAS CURRENT {(nA)

Output Voltage
vs Frequency

3
Voo =215V

Ty = 25°C
R, =10kQ
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Input Bias Current
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SUPPLY VOLTAGE (V)
TL/H/10064-3
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Typical Applications

Multiple Feedback Bandpass Filter

2R3

¢t 3
v,—«NvI—Q va—]

R o R Vo

|4'
10 uF
VRer |- R

TL/H/10064-4
fo = center frequency
BW = Bandwidth
Rin kQ
Cin pF
fo

=—2 <10
Q= Bw

Q
C1 =C2=—
3

R1=R2=1R3=9Q2 — 1 } Using scaling factors in these expressions.

If source impedance is high or varies, filter may be preceded with voltage
follower buffer to stabilize filter parameters.

Design example:
given: Q = 5, f, = 1 kHz
Let R1 = R2 = 10 kQ2
then R3 = 9(5)2 — 10
R3 = 215 kQ

C=—-=16nF

wlo

Wein Bridge Oscillator

AAA Vo

10kQ
VRer —9

1
Vrer= 7 V*

TL/H/10064-5

1

fo = 271_Rcforf,;, = 1kHz
R = 16 kQ
C = 0.01 uF

Comparator with Hysteresis

R2

AR2 HYSTERESIS
WA v,
[ <—>]
R1 |
Vrer — M- -
1/4 v Yo |
LM3403 —Vo 114
A + I
VoL t
YL Vi
VRer
TL/H/10064-6
v = —~1 (VoL — VRep) + V.
L= 775 ra VoL ~ VReF REF
Vi = —1 (Vo — VRep) + V.
H = 57 ga (VoH ~ VREF REF
R1
H==——"—(N o — V
AT+ Rz Vo — Vou

High Impedance Differential Amplifier

R6
AAA
WA
vi—* R
LM3403 VWv R
\ LM3403 —Vo
+
AAA
WA~
Srs
p:
R4
‘VAVAV
RS
v2
TL/H/10064-7
Vout = C(1 + a + b)(v2 — V1)
R2 _R6
— = — for best CMRR
RS R7
R1 = R4
R2 = R5
R6 2R1
Gan=—(1+==]=cd+a+b
= Rs ( R3 ) (+ath
AC Coupled Non-Inverting Amplifier
R1 R2
100kQ 1M

 AAA

AAA

al T
oAmrI

Co
G Yo
|;> 6.2 kag !
< .
v, Mas R4

10 uF

R2
Ay=1+—
v R1

Ay = 11 (as shown)

c2 4 RS
100k O—AVA— NVpop

Wy

100k

T

TL/H/10064-9
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Typical Applications (continued)

AC Coupled Inverting Amplifier Voltage Reference
Ry V4
100k
AVAVA' V+
R2
10 kQ
b— Vo
+
Y R R1
L
L 10k 10kQ =
v+ _L TL/H/10064-10
-D%— 2Vpop __R ( _v+ )
T Vo R+ R2 2 as shown
1
Vo=3V+
TL/H/10064-8
Ay = ﬂ
VTR
Ay = 10 (as shown)
Ground Referencing a Pulse Generator
Differential Input Signal Rl
30k0 1N914
Vo
R2
150 kQ | g0l
' Vi—VW\—
' R3
TL/H/10064-11 100kQ

TL/H/10064-14

Voltage Controlled Oscillator

0.05 uF
1L
R1 I\
100kQ
+VC0 AN - 1/4
(NOTE 1) _
51kQ +LM3403 12 |_|_|_
Wi~ 10k LM3403 —  ouT1
A
SR Ve /2 VWV +
$50kQ
51kQ
AAA
vy

ouT2

AAA

10kQ

I_AAA
AA A4
@
x
5
=~
<
<
<

TL/H/10064-12
Note 1: Wide Control Voltage Range:

0V < Vo < 2(V £1.5V)

(o)
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Typical Applications (continued)

Function Generator

TRIANGLE WAVE

Http:
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1
Vrer =7 Vee R2
2 ouT 300k
A SQUARE WAVE
R3 out
Veer—1* 12 75kQ
LM3403 —MW 1/4
- LM3403
R1Q -
5 100k2 S
| AY
AAA
\A A4
Ry v
(NOTE 2) REF
TL/H/10064-13
R1 + R2 R2R1
Note 2: f = ifR3 =
4CR{R1 R2 + R1
Bi-Quad Filter
R
AAA
\AA
R
AvAvAv C
- 100 kQ
1L LAY NN
| AY
¢ R2 C 1001
v— 4w 1/4 Y e A
LM3403 BAND L3403 v 1/4
+ PASS + LM3403
¢ ouT +
v,
VRer > i R3
SR AAR VRer
< yvy
R2
A - c1
1/4
LM:’>/403 —] ¢ NoteH out
I— +
VRer
TL/H/10064-15
£ BW Example:
fo fo = 1000 Hz
where: BW = 100 Hz
Tgp = Center Frequency Gain $2P::11
TN = Bandpass Notch Gain R = 160 kQ
N 1 1 R1 = 1.6 MQ
fo = 5 ro’ VREF = 5 Veo R2 = 1.6 MO
R3 = 1.6 MQ
R1 = QR C = 0.001 uF
R1
R2 = —
Tep
R3 = TnR2
G1=10C
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Physical Dimensions inches (millimeters)
0.785
(19.939)
MAX
0.025 [a] [13] [i2] [y [io] [e] [@]
(Ogiﬁg‘\) 0.220-0.310
(5.588-7.874)
Ll 2] 2] [ [s] [e] 2]
0.290-0.320 0.005 _ 0.200
(7.366-8.128) (ll-l:,| 2"7“) l‘E LASS  0.060 :0.005 (5.080)
— | oo —
i - > SEA*LA'“T {1,524 0.127) MAX g 020-0.060
0.180 1 H| ; —— {0.508—1.524)
@512 ff ¥
! 95° 15° 86°94° TYF\ 0
10° MAX * 0.008-0.012
[l 0310-0410 0.310-0.410 o (0.203-0.305) 0.018 +0.003 " '4 01250200
(1874-1041) 0.098 (0.457 £0.076) PR
(2.489) (3.175-5.080)
MAX BOTH ENDS 0.100 +0.010 0.150
{2.540 £0.254) @8
MIN J14A (REV G)
14-Lead Ceramic Dual-In-Line Package (J)
Order Number LM3303J or LM3403J
NS Package Number J14A
| 0.335-0.344
(8.509 —8.738)
‘a E 12 11 10 9 8
0.228—0.204 .
(5.791-6.198) o iovp
o) B
Leanno. 11 e
IDENT i U U U H U U I:.j"/
1 2 3 4 5 6 7
0.010 yax
(0.254)
0.150 -0.157
™1 38103988
. 0.053 —0.069
(g:g;g‘g::lz)g) X45° 1,386 —1.753)
8° MAX TYP * 0.004—0.010
ALL LEADS T v (0.102-0.254)
L 1
f nf ¢ SEATING 7; == JH
PLANE T
0.008—0.010 T T 20U s 0.014-0.020
(0.203-0.254) le 0.016 0,050 (0.356) m» - — k(om——n'sua) TYP
TYP ALL LEADS 0.004 (0.406 —1.270) TYP 0.008 ( /
w10 TYP ALL LEADS [0.203)
ALL LEAD TIPS M14A (REV H)
14-Lead Molded Surface Mount (M)
Order Number LM3403M
NS Package Number M14A
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Physmal Dimensions inches (millimeters) (Gontinued)
0.740-0.770
(18.80—19.56)
0.090
> ~—.256)
[14] [13] [12] [w] [fo] [s] [
I INDEX
‘ AREA ™~
0.25020.010
O a {6.35010.250)
PINNO.1__-TC / * PIN NO. 1
IDENT GT T I T Ts]eT 1] IDENT
0.082 [ 0.030 max
2.337) " {0.762) DEPTH
OPTION 1 OPTION 02
1‘;-“'2‘?‘:?‘2’; 0.300-0.320
0.145-0.200 \ 0060 yp | e TP (7.620-8.126) 0.065
(3.683—5.080) > ‘ “ (1.524) /\ OPTIONAL {1.651)
\ | v
A T —
Y —+—— S w— Y| %
4 o 5o 0.008-0.016
95° 0.008-0.016
0.020 Yy 90° +4° TYP ¥ 205 0.5 "
(0.508)
MmN 0125 -0.150 ‘ = 0.075+0.015
(3.175—3.810) — «(1905—i0331] 0.280
0.014-0.023 . {7112} |
TR T | | b100t0.010 MIN
N
—| 0w ™ 03 s
1016
(8‘255-0.381) N14A (REV F)

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 OF NATIONAL

14-Lead Molded Dual-In-Line Package (N)
Order Number LM3303N or LM3403N
NS Package Number N14A

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

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.

to the user.

National Semiconductor
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National Semiconductor

Corporation Europe

1111 West Bardin Road Fax: (+49) 0-180-530 85 86

Arlington, TX 76017 Email: cnjwge @tevm2.nsc.com

Tel: 1(800) 272-9959 Deutsch Tel: (+49) 0-180-530 85 85

Fax: 1(800) 737-7018 English Tel: (+49) 0-180-532 78 32
Frangais Tel: (+49) 0-180-532 93 58
ltaliano  Tel: (+49) 0-180-534 16 80

National Semiconductor
Hong Kong Ltd.

18th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408

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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