SE—— MA3303 « uA3403 » uA3503
FAIRCHILD Quad

A Schlumberger Company

Operational Amplifiers

Linear Division Operational Amplifiers

Description Connection Diagram
The pA3303, nA3403, and pA3503 are monolithic quad 14-Lead DIP and SO-14 Package
operational amplifiers consisting of four independent high (Top View)

gain, internally frequency compensated, operational amplifi-
ers designed to operate from a single power supply or

dual power supplies over a wide range of voltages. The out ‘1:1 ~— * ouT O
common mode input range includes the negative supply, 2 13
thereby eliminating the necessity for external biasing com- -IN AE; :-m o
ponents in many applications. They are constructed using 3 =12
the Fairchild Planar Epitaxial process. N AI; +;l+"‘ °
® Input Common Mode Voltage Range Includes Ground "*L; ;;I”'
Or Negative Supply +IN BE+ L eme
® Qutput Voltage Can Swing To Ground Or Negative 3 9
Supply -IN BE = :I -INC
® Four Internally Compensated Operational Amplifiers 7 8
In A Single Package out "[: outrc
® Wide Power Supply Range Single Supply Of 3.0 V -

To 36 V Dual Supply Of +1.5 To +18 V

® Class AB Output Stage For Minimal Crossover .
Order Information

Distortion
® Short Circuit Protected Outputs Device Code Package Code Package Description
® High Open Loop Gain 200K Typically MA3303DV 6A Ceramic DIP
® uA741 Operational Amplifier Type Performance MA3303PV 9A Molded DIP
HA3403DC 6A Ceramic DIP
Absolute Maximum Ratings #A3403PC 9A Molded DIP
Storage Temperature Range #A3403SC KD Molded Surface Mount
Ceramic DIP -65°C to +175°C MA3503DM B6A Ceramic DIP
Molded DIP and SO-14 -65°C to +150°C
Operating Temperature Range
Extended (uA3503M) -55°C to +125°C
Industrial (uA3303V) -40°C to +85°C
Commercial (£A3403C) 0°C to +70°C
Lead Temperature
Ceramic DIP (soldering, 60 s) 300°C
Molded DIP and SO-14
(soldering, 10 s) 265°C
Internal Power Disisipation': 2
14L-Ceramic DIP 136 W
14L-Molded DIP 1.04 W
SO-14 0.93 W
Supply Voltage Between V+ and V- 36 V
Differential Input Voltage® +30 V
input Voltage (V- 1)° -03 V (V-) to V+
Notes
1. Ty max = 150°C for the Molded DIP and SO-14, and 175°C for the
Ceramic DIP.
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.
3. For supply voltage less than 30 V between V + and V-, the absolute
maximum input voitage is equal to the supply voltage.
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HA3303 ® uA3403 * uA3503

Equivalent Circuit (1/4 of Circuit)
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MA3303 * uA3403 * uA3503

1A3303 and A3403
Electrical Characteristics Tp = 25°C, Voo =+ 15 V, unless otherwise specified.

1A3303 uA3403
Symboi Characteristic Condition Min Typ Max Min Typ Max Unit
Vio Input Offset Voltage 2.0 8.0 2.0 8.0 mv
lio Input Offset Current 30 75 30 50 nA
s Input Bias Current 200 500 200 500 nA
Z Input Impedance 0.3 1.0 0.3 1.0 M
Icc Supply Current Vo=0V, R = 2.8 7.0 2.8 7.0/ mA
CMR Common Mode Rejection Rg <10 kQ 70 90 70 90 dB
VIR Input Voltage Range +12| +125 +13| +13.5 v
to to to to
V- V- V- V-
PSRR Power Supply Rejection 30 150 30 150 wuv/vV
Ratio
los Output Short Circuit Current +10 +30| *45 +10 +30| *45 mA
(Per Amplifier)’
Avs Large Signal Voltage Gain |Vo=110V, 20 200 20 200 v/mv
RL=2.0 k2
Vop Output Voltage Swing RL=10 k&2 12 125 12| +13.5 \
R =2.0 k2 +10 12 +10 +13
TR Transient Rise time/ [Vo =50 mV, 0.3 0.3 us
Response Fall time [Ay=1.0, R =10 k2
Overshoot |Vg =50 mV, 5.0 5.0 %
Ay =1.0, R. =10 kQ
BW Bandwidth Vo =50 mV, 1.0 1.0 MHz
Ay =1.0, R_ =10 k&2
SR Slew Rate Vi=-10 V to +10 V, 0.6 0.6 V/us
Ay=1.0
The following specifications apply for —40°C < T < +85°C for the nuA3303, and 0°C <Ta < +70°C for the uA3403.
Vio Input Offset Voltage 10 10| mVv
AV o/ AT [Input Offset Voltage 10 10 uv/°c
Temperature Sensitivity
o Input Offset Current 250 200 nA
Aljo/ AT |Input Offset Current 50 50 pA/°C
Temperature Sensitivity
B Input Bias Current 1000 800 nA
Avs Large Signal Voltage Gain |Vo=%10V, 15 15 V/mV
R =20 k&
Vop Output Voltage Swing R_ =20 kQ +10 +10 Vv

This Materia
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HA3303 ® uA3403 * uA3503

uA3303 and uA3403 (Cont.)

Electrical Characteristics To =25°C, V+ =5.0 V, V- = Gnd, unless otherwise specified.
uA3303 uA3403
Symbol Characteristic Condition Min Typ Max Min Typ Max Unit
Vio Input Offset Voltage 8.0 2.0 8.0f mVv
o Input Offset Current 75 30 50 nA
lig Input Bias Current 500 200 500 nA
Icc Supply Current 25 7.0 2.5 7.0 mA
PSRR Power Supply Rejection 150 150 uv/v
Ratio
Avs Large Signal Voltage Gain RL=>20 kQ 20 200 20 200 vV/mv
Vop Output Voltage Swing? RL =10 k2 3.3 3.3 v
50 VSV+ <30V, (V+) (V+)
R =10 k2 -20 -20
Cs Channel Separation 1.0 Hz<f<20 kHz ~120 -120 dB
(input Referenced)
nA3503
Electrical Characteristics Ty = 25°C, Voo =+ 15 V, unless otherwise specified.
#A3503
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage 2.0 5.0 mv
lio Input Offset Current 30 50 nA
s Input Bias Current 200 500 nA
4 Input impedance 0.3 1.0 M2
lcc Supply Current Vo=0, R = 28 4.0 mA
CMR Common Mode Rejection Rs <10 k2 70 90 dB
ViR Input Voltage Range +13 +13.5 \
to to
V- V-
PSRR Power Supply Rejection Ratio 30 150 uv/v
los Output Short Circuit Current +10 +30 +45 mA
(Per Amplifier)’
Ays Large Signal Voltage Gain Vo=%10 V, R =20 kQ2 50 200 V/mv
Vop Output Voltage Swing Ry =10 k& 12 | +135 \"
Ry =2.0 kQ +10 +13
TR Transient Rise time Vo=50 mV, Ay=1.0, R_ =10 kQ 0.3 us
Response Overshoot | Vo =50 mV, Ay = 1.0, R_ = 10 kQ 5.0 %
BW Bandwidth Vo =50 mV, Ay=1.0, R_=10 k2 1.0 MHz
SR Slew Rate Vi=-10 Vto +10 V, Ay=1.0 0.6 V/us
]
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1A3303 * uA3403 * 1A3503

ElAeiil?iial Characteristics —55°C < T < +125°C, Vgc=*15 V, unless otherwise specified.
HA3503
Symbol Characteristic Condition Min Typ Max Unit
Vio Input Offset Voltage 6.0 mV
AV o/ AT Input Offset Voltage 10 uv/°Cc
Temperature Sensitivity
o Input Offset Current 200 nA
Alio/ AT Input Offset Current 50 pA/°C
Temperature Sensitivity
s Input Bias Current 1200 nA
Avs Large Signal Voltage Gain Vo=%10 V, R_. =20 k2 25 v/mvV
Vop Output Voltage Swing RL=2.0 k2 +10 Vv
The following specifications apply for Tpo =25°C, V+ = +5.0 V, V- = GND.
Vio Input Offset Voltage 2.0 5.0 mV
o Input Offset Current 30 50 nA
s Input Bias Current 200 500 nA
lec Supply Current 2.5 4.0 mA
PSRR Power Supply Rejection 150 uv/v
Ratio
Avs Large Signal Voitage Gain RL=2.0 k2 20 200 V/mV
Vop Output Voltage Swing? R =10 kQ 3.3 v
50 V<V+ <30V, R_=10 k2 (V+)
-2.0
cs Channel Separation 1.0 Hz <f< 20 kHz (Input Referenced) -120 dB
Notes
1. Not to exceed maximum package power dissipation.
2. Output will swing to ground.
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#A3303 * uA3403 * 1A3503

Typical Performance Curves

Open Loop Frequency Response Sine Wave Response Output Voltage vs Frequency
120 T 3 T
. e F] o 1]
© 100 25 cC = 215 V-
X ~ > + Ta =25°C
e o i RL =10 kn
E 80 > ’ 3 > 20
o 3 o i
8 e 3 8 s
- \AAJ ki T T ™Y ™ T =
o 3 o \
s VI ]V 2w \
8 > £ 5 N
- a
S 2 13 bt E 50
> T 2
z € F o \
g $ —
3 3 = NN °
NOTE: Class AB output stage produces
-20 distortionless sine wave -5.0
10 10 100 10K WK 100K 10M™ 10K 10K 100 X 1.0M
FREQUENCY — Mz 50 us/DIV FREQUENCY — Mz
PCO2591F PCO2601F PCO2611F
Output Swing vs Input Bias Current vs Input Bias Current vs
Supply Voltage Temperature Supply Voltage
400 180
w T 11
Ta = 25°C — Ve = 215 v—
! 3
> % g 300 I
lll' ~ : ;170
-
g r z E fmert
= 7’ « 3 ~N
w 20 Vi S 200 ) -
g ) ° T ¢
- < T~ a
5 Y/ : ™~ =160
g I 2
5 10 & 100 z
& z
3 /]
[ 4 150
20 40 6.0 80 10 12 14 16 18 20 °.75 -55 -35 -15 50 25 45 65 85 105 125 0 20 40 6.0 80 W0 12 14 16 18 20
SUPPLY VOLTAGE — tV TEMPERATURE — °C SUPPLY VOLTAGE — vV
PC02621F PO0Z630F PCO2641F
.
. -
7-45

This Material Copyrighted By Its Respective Manufacturer



HA3303 ® uA3403 * uA3503

Typical Applications

Multiple Feedback Bandpass Filter

=c SR3
<b
v, AAA 1A AA _
W BARAA 1/4
R1 c2 R ,A3403, —
—t +

AF00311F

fo = center frequency

BW = Bandwidth
R in k2
Cin pyF

f,
Q=—<10
BW

Q
C1=C2=—
3

R1=R2=1

R3 = 9021 } Use 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 exampte:
given: Q=5, fo=1 kHz
Let R1 =R2 =10 k2
then R3 = 9(5)2- 10
R3 =215 k2

5
C=—-=16 nF
3

Wein Bridge Oscillator

vo
10 k0
VREF VWA 174
. A340:
1
VREF = ——— V+ = c
2 AVAA L
R LAY
ni; ¢
AFo0s2iF
1
fo = for fo=1 kHz
2mRC g6 kQ
C=0.01 uF
Comparator With Hysteresis
R2 HYSTERESIS
VoH
A1 | N
VREF |* 1/4 T
b— Vo Vo
v, jua3403 |
Vou L
viL |vin
1
VRer
AFQ0330F
v A1 (VoL-V, Vv,
= - +
L= TRz Vo REF) + VREF
V A1 \7Z Vi V,
= - +
[ ad=varr=>s (Von - Vrer) + VRer
" R1 Vow—Vou
R1+R2 o0
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MA3303 ® uA3403 * uA3503

Typical Applications (Cont.)

High Impedance Differential Ampilifier
L)

R2
03 —vo
RS
— A
s
g
) AFO0340F

Vour = C(1 +a + b)(V2 - V1)

Rt for best CMRR
— =— for bes
RS R7

R1=R4
R2=RS

R6 2R1
Gain=— | 1 +—
R5

=C(1+a+b
o (1+a+b)

AC Coupled Non-inverting Amplifier

RY A2
100 k2 1 M0

L
+ 1M R4

v 100 k) =
' N 1
* RS

10 2T $100 kn °_AUA_2 ‘1‘11‘_’

Arooscor
Ay =1 R2
y=1+—
R1

Ay =11 (as shown)

AC Coupled Inverting Amplifier

100 k(1
AAA
W
R1
F/' 10 k02
je—wwv 178 Co
. __fuassos
v Rg AL
R2 62kQ 10 k2
= 100 k2
v+ R — —
. 4 ) ) ) l
10 4F T
L o_QvA_ 2 Voo

AFQ0350F
A Rf
VTR
Ay =10 (as shown)
Voltage Reference
v+
v+
R2
10 k)
- Vo
a1 =
10 k0
- AFOO380F
Ve = R1 V+ h
o A1+ A2 > as shown
7 ! v+
°72
Ground Referencing A
Ditferential Input Signal
|
— Vo

AFO0370F
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MA3303 * uA3403 * uA3503

Typical Applications (Cont.)

Voltage Controlied Oscillator

0.05 uF
i
R1 "
100 k
(:J:)D:')E 1) ] W 51k0 e
A340;
VWA & 10 k2 ouT1
3R2 V+/2 VWA

S

$s50kn
L l ouT 2
:; S51kQ AVAA
‘L f 10 k02

AF0O381F

Function Generator

TRIANGLE WAVE R2
Vier = % Voo our 300 k2
A p—SQUARE WAVE
out
v R3
REF 75 k)
-
1/4
1A3403
R1 -

c 100 ki)

IYi <

LAY

AN
Rt
(NOTE 2
VREF
AFO0UO1F
Puise Generator
R1 1N914

30 k(2

100 k() I I I |
]

AF00410F

Note
1. Wide Control Voltage Range:
OV<Vco<2 (V+-15V)

R1+R2 R2R1
= it R3 =
4CRR1 R2 + R1
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1A3303 * uA3403 * uA3503

Typical Applications (Cont.)

Bi-Quad Filter

R
WA
R
YW\ c 100 ke
IV —
LAY
et 2 c 100 ka2
v, —i AAA . VWA= ) 100 k()
it W 14 A340 WA Py
143403 lBanDPASS— " 4 3403
* | __out .
VRer
VReF 4 R3 VREF
3R '
R2
A 0 1
43403 ———nNoTCH out
I— +
VREF
AFDD421F
BW
Q=—
fIJ
where

Tee = Center Frequency Gain
Tn = Bandpass Notch Gain

1 1

fo=——, VRgr ==V
o 27RC REF 2 cC

R3 = T\R2
Ci=10C
Example:
fo = 1000 Hz
BW =100 Hz
Tap =1
Tn=1
R =160 k2
R1=16 MQ
R2=16 MQ
R3 =16 MQ
C=0.001 uF
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