
M C 33201, M C 33202, 
M C 33204

Low Voltage, R a il-to -R a il 
O perational A m plifiers

The M C33201/2/4 family o f operational amplifiers provide 
rail-to-rail operation on both the input and output. The inputs can be 
driven as high as 200 mV beyond the supply rails without phase 
reversal on the outputs, and the output can swing within 50 mV o f each 
raił. Tliis rail-to-rail operation enables the user to make fuli use of the 
supply voltage rangę available. It is designed to work at very low 
supply voltages (± 0.9 V) yet can operate with a supply of up to +12 V 
and ground. Output current boosting teclmiąues provide a high output 
current capability winie keeping the drain current o f the amplifier to a 
minimum. Also, the combination o f low noise and distortion with a 
lugh siew ratę and drive capability make this an ideał amplifier for 
audio applications.

•  Low Voltage, Single Supply Operation 
(+1.8 V and Ground to +12 V and Ground)

•  Input Voltage Rangę Includes both Supply Rails
•  Output Voltage Swings within 50 mV of both Rails
•  No Phase Reversal on the Output for Over-driven Input Signals
•  High Output Current (Isc = 80 mA, Typ)
•  Low Supply Current (Id = 0.9 mA, Typ)
•  600 Q Output Drive Capability
•  Extended Operating Temperatura Ranges 

(-40° to +105°C and -55 ° to +125°C)
•  Typical Gain Bandwidth Product = 2.2 MHz
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ORDERING INFORMATION
See detailed ordering and shipping information in the package 
dimensions section on page 2505 of this data sheet.
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MC33201, MC33202, MC33204

PIN CONNECTIONS

CASE 626 CASE 646/751A/948G

(Single, Top View)

CASE 751/846A

Inputs 1

Inputs 2

(Dual, Top View)

V CC

This device contains 70 active transistors (each amplifier).

Figurę 1. Circuit Schematic
(Each Am plifier)
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MC33201, MC33202, MC33204

MAXIMUM RATINGS
Rating Symbol Value Unit

Supply Voltage (Vcc to Vee) v s +13 V

Input Differential Voltage Rangę V IDR Notę 1. V

Common Modę Input Voltage Rangę (Notę 2.) V CM V CC + 0.5 V to 
Ve e -0 .5  V

V

Output Short Circuit Duration ts Notę 3. sec

Maximum Junction Temperaturę Tj +150 °c

Storage Temperaturę Tstg - 6 5  to +150 °c

Maximum Power Dissipation Pd Notę 3. mW

DC ELECTRICAL CHARACTERISTICS (TA = 25°C)

Characteristic VCC = 2.0 V VCC = 3.3 V VCC = 5.0 V Unit

Input Offset Voltage mV
V|0 (max)

MC33201 ±8.0 ±8 .0 ±6.0
MC33202 ±10 ±10 ±8.0
MC33204 ±12 ±12 ±10

Output Voltage Swing
V0 H (RL = 10 kO) 1.9 3.15 4.85 ^min
V0L (Rl = 10 k il) 0.10 0.15 0.15 Vmax

Power Supply Current mA
per Amplifier (Iq) 1.125 1.125 1.125

Specifications at Vcc = 3.3 V are guaranteed by the 2.0 V and 5.0 V tests. Vee = Gnd.

DC ELECTRICAL CHARACTERISTICS (V c c  = + 5.0 V, Vee = Ground, TA = 25°C, unless otherwise noted.)

Characteristic Figurę Symbol Min Typ Max Unit

Input Offset Voltage (VCM 0 V to 0.5 V, VCM 1.0 V to 5.0 V) 3 V|0 mV
MC33201: TA = + 25°C - - 6.0
MC33201: TA = -  40° to+105°C - - 9.0
MC33201V: TA = -  55° to+125°C - - 13
MC33202: TA = + 25°C - - 8.0
MC33202: TA = -  40° to +105°C - - 11
MC33202V: TA = -  55° to+125°C - - 14
MC33204: TA = + 25°C - - 10
MC33204: TA = -  40° to+105°C - - 13
MC33204V: TA = -  55° to+125°C - - 17

Input Offset Voltage Temperaturę Coefficient (Rg = 50 O) 4 AV |o/AT pV/°C
TA = -  40° to +105°C - 2.0 -
TA = -  55° to +125°C - 2.0 -

Input Bias Current (VCM = 0 V to 0.5 V, VCM = 1.0 V to 5.0 V) 5, 6 ■lB nA
TA = + 25°C - 80 200
TA = -  40° to +105°C - 100 250
TA = -  55° to +125°C - - 500

Input Offset Current (VCM = 0 V to 0.5 V, VCM = 1.0 V to 5.0 V) - ho nA
TA = + 25°C - 5.0 50
TA = -  40° to +105°C - 10 100
TA = -  55° to +125°C - - 200

Common Modę Input Voltage Rangę - V ICR Vee - V CC V

1. The differential input voltage of each amplifier is limited by two internal parallel back-to-back diodes. For additional differential input voltage 
rangę, use current limiting resistors in series with the input pins.

2. The input common modę voltage rangę is limited by internal diodes connected from the inputs to both supply rails. Therefore, the voltage 
on either input must not exceed either supply raił by morę than 500 mV.

3. Power dissipation must be considered to ensure maximum junction temperaturę (Tj) is not exceeded. (See Figurę 2)
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MC33201, MC33202, MC33204

DC ELECTRICAL CHARACTERISTICS (cont.) (Vcc = + 5.0 V, Vee = Ground, Ta = 25°C, unless otherwise noted.)

Characteristic Figurę Symbol Min Typ Max Unit

Large Signal Voltage Gain (Vcc = + 5.0 V, Vee = -  5.0 V) 7 avol kV/V
RL = 10 tói 50 300 -

Rl = 600 O. 25 250 -

Output Voltage Swing (V|q = ± 0.2 V) 8, 9, 10 V
RL = 10 tói VOH 4.85 4.95 -

RL = 10 tói VOL - 0.05 0.15
Rl = 600 O. VOH 4.75 4.85 -

Rl = 600 O. VOL - 0.15 0.25

Common Modę Rejection (Vjn = 0 V  to 5.0 V) 11 CMR 60 90 - dB

Power Supply Rejection Ratio 12 PSRR pV/V
Vcc/Vee = 5.0 V/Gnd to 3.0 V/Gnd 500 25 -

Output Short Circuit Current (Source and Sink) 13, 14 !s c 50 80 - mA

Power Supply Current per Amplifier (Vo = 0 V) 15 ■d mA
TA = -4 0 °  to +105°C - 0.9 1.125
TA = -5 5 °  to +125°C - 0.9 1.125

AC ELECTRICAL CHARACTERISTICS (Vcc = + 5.0 V, Vee = Ground, Ta = 25°C, unless otherwise noted.)

Characteristic Figurę Symbol Min Typ Max Unit

Siew Ratę 16, 26 SR V/ps
(Vs = ± 2.5 V, V0 = -  2.0 V to + 2.0 V, RL = 2.0 kil, Av = +1.0) 0.5 1.0 -

Gain Bandwidth Product (f = 100 kHz) 17 GBW - 2.2 - MHz

Gain Margin (Rl = 600 £2, Cl = 0 pF) 20, 21,22 a m - 12 - dB

Phase Margin (Rl = 600 £2, Cl = 0 pF) 20, 21,22 0M - 65 - Deg

Channel Separation (f = 1.0 Hz to 20 kHz, Ay = 100) 23 CS - 90 - dB

Power Bandwidth (Vo = 4.0 Vpp, Rl = 600 Q, TFID < 1 %) BWp - 28 - kHz

Total Flarmonic Distortion (Rl = 600 £2, Vo = 1.0 Vpp, Ay = 1.0) 24 THD %
T = 1.0 kHz - 0.002 -

f = 10 kHz - 0.008 -

Open Loop Output Impedance IZol n
(V0 = 0 V, f = 2.0 MHz, Ay = 10) 100

Differential Input Resistance (Vqm = 0 V) Rin - 200 - kn

Differential Input Capacitance (Vqm = 0 V) Cin - 8.0 - PF

Equivalent Input Noise Voltage (Rg = 100 O) 25 en nV/
Y hz

f = 10 Hz - 25 -

f = 1.0 kHz - 20 -
Equivalent Input Noise Current 25 •n pA/

Y hz
f = 10 Hz - 0.8 -
f = 1.0 kHz - 0.2 -
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■ 3 (MC33204) wafer lots 

Vcc = + 5.0 V 
VEE = Gnd 
Ta = 25°C 
DIP Package

10 -8.0 -6.0 -4.0 -2.0 0 2.0 4.0 6.0 8.0
V|0, INPUT OFFSET VOLTAGE (mV)

Figurę 2. Maximum Power Dissipation 
versus Temperaturę

Figurę 3. Input Offset Voltage Distribution
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Figurę 4. Input Offset Voltage 
Temperaturę Coefficient Distribution

Figurę 5. Input Bias Current 
versus Temperaturę

VCM, INPUT COMMON MODĘ VOLTAGE (V) Ta, AMBIENT TEMPERATURĘ (°C)

Figurę 6. Input Bias Current Figurę 7. Open Loop Voltage Gain versus
versus Common ModeVoltage Temperaturę
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MC33201, MC33202, MC33204
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Figurę 8. Output Voltage Swing 
versus Supply Voltage

Figurę 9. Output Saturation Voltage 
versus Load Current

f, FREOUENCY (Hz) f, FREOUENCY (Hz)

Figurę 10. Output Voltage 
versus Freguency

Figurę 11. Common Modę Rejection 
versus Freguency

f, FREOUENCY (Hz)
—  O 1.0 2.0 3.0 4.0 5.0 6.0

I Vout I , OUTPUT YOLTAGE (V)

Figurę 12. Power Supply Rejection 
versus Freguency

Figurę 13. Output Short Circuit Current 
versus Output Voltage
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MC33201, MC33202, MC33204
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Ta, AMBIENTTEMPERATURĘ (°C)
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Figurę 14. Output Short Circuit Current 
versus Temperaturę

Figurę 15. Supply Current per Amplifier 
versus Supply Voltage with No Load
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Ta, AMBIENT TEMPERATURĘ (°C)
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Figurę 16. Siew Ratę 
versus Temperaturę

Figurę 17. Gain Bandwidth Product 
versus Temperaturę

Figurę 18. Voltage Gain and Phase Figurę 19. Voltage Gain and Phase
versus Freguency versus Freguency
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Figurę 20. Gain and Phase Margin Figurę 21. Gain and Phase Margin
versus Temperaturę versus Differential Source Resistance
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Figurę 22. Gain and Phase Margin 
versus Capacitive Load

Figurę 23. Channel Separation 
versus Freguency
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Figurę 24. Total Harmonie Distortion 
versus Freguency
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MC33201, MC33202, MC33204

DETAILED OPERATING DESCRIPTION

General Information

The M C33201/2/4 family o f operational amplifiers are 
uniąue in their ability to swing rail-to-rail on both the input 
and the output with a completely bipolar design. Tliis offers 
Iow noise, high output cunent capability and a wide 
coimnon modę input voltage rangę even with Iow supply 
voltages. Operation is guaranteed over an extended 
temperaturę rangę and at supply voltages of 2.0 V, 3.3 V  and 
5.0 V and ground.

Since the coimnon modę input voltage rangę extends from 
V cc to V] ] ;. it can be operated with either single or split 
voltage supplies. The M C33201/2/4 are guaranteed not to 
latch or phase reverse over the entire coimnon modę rangę, 
however, the inputs should not be allowed to exceed 
maximum ratings.

Circuit Information

Rail-to-rail perfonnance is acliieved at the input of the 
amplifiers by using parallel NPN-PNP differential input 
stages. When the inputs are witliin 800 mV of the negative 
raił, the PNP stage is on. Wlien the inputs are morę tlian 800 
mV greater tlian Vee , the NPN stage is on. Tliis switching of 
input pairs will cause a reversal o f input bias cunents (see 
Figurę 6). Also, slight dilferences in offset voltage may be 
noted between the NPN and PNP pairs. Cross-coupling 
tecliniąues liave been used to keep tliis change to a minimum.

In addition to its rail-to-rail perfonnance, the output stage 
is current boosted to provide 80 mA of output current, 
enabling the op amp to drive 600 Q loads. Because o f tliis 
high output current capability, care should be taken not to 
exceedthe 150°C maximumjunction temperaturę.

t, TIME (5.0 ps/DIV)

C5<

o
J b

t, TIME (10ps/DIV)

Figurę 26. Noninverting Amplifier Siew Ratę Figurę 27. Smali Signal Transient Response

Figurę 28. Large Signal Transient Response
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MC33201, MC33202, MC33204

MINIMUM RECOMMENDED FOOTPRINT FOR SURFACE MOUNTED APPLICATIONS

Surface mount board layout is a critical portion of tlie total 
design. The footprint for tlie seiniconductor packages must be 
the correct size to ensure proper solder connection interface

between the board and the package. With the correct pad 
geometry, the packages will self-align when subjected to a 
solder reflow process.

Micro-8

f  □ □ □ □
0.208
5.28

0.041
1.04

_ L

] _ □ □ □ □

0.126
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MC33201, MC33202, MC33204

ORDERING INFORMATION
Operational 

Amplifier Function Device
Operating 

Temperaturę Rangę Package Shipping

Single

MC33201D

Ta= -40° to +105°C

SO-8 98 Units / Raił

MC33201DR2 SO-8 2500 Units / Tape & Reel

MC33201P Plastic DIP 50 Units / Raił

MC33201VD Ta = -55° to 125°C SO-8 98 Units / Raił

Dual

MC33202D

Ta= -40 ° to +105°C

SO-8 98 Units / Raił

MC33202DR2 SO-8 2500 Units / Tape & Reel

MC33202DMR2 Micro-8 4000 Units / Tape & Reel

MC33202P Plastic DIP 50 Units / Raił

MC33202VD

Ta = -55° to 125°C

SO-8 98 Units / Raił

MC33202VDR2 SO-8 2500 Units / Tape & Reel

MC33202VP Plastic DIP 50 Units / Raił

Quad

MC33204D

Ta= -40 ° to +105°C

SO-14 55 Units / Raił

MC33204DR2 SO-14 2500 Units / Tape & Reel

MC33204DTB TSSOP-14 96 Units / Raił

MC33204DTBR2 TSSOP-14 2500 Units / Tape & Reel

MC33204P Plastic DIP 25 Units / Raił

MC33204VD

Ta = -55° to 125°C

SO-14 55 Units / Raił

MC33204VDR2 SO-14 2500 Units / Tape & Reel

MC33204VP Plastic DIP 25 Units / Raił

MARKING DIAGRAMS

SO-8 
D SUFFIX 
CASE 751

SO-8
VD SUFFIX 
CASE 751

PDIP-8 
P SUFFIX 
CASE 626

PDIP-8 
VP SUFFIX 
CASE 626

Micro-8 
DMSUFFIX 
CASE 846A

SO-14 SO-14 PDIP-14 PDIP-14
D SUFFIX VDSUFFIX P SUFFIX VP SUFFIX

CASE 751A CASE 751A CASE 646 CASE 646
14
H H H H H H H

14
H H H H H H R

14
A  A  A  A  A  A  A

14
A  A  A  A  A  A  A

MC33204D 
Q AWLYWW

MC33204VD 
Q AWLYWW

L MC33204P 
[O  AWLYYWW

L MC33204VP 
[O  AWLYYWW

T T n n n r o
1

u u u u u n r
1

V  Y  Y  V  Y  Y  V
1

V  V  V  Y  V  V  Y
1

x = 1 or2 
A = Assembly Location 
WL, L = Wafer Lot 
YY, Y = Year 
WW, W  = Work Week

TSSOP-14 
DTB SUFFIX 
CASE 948G

R n m
MC33
204

Q ALYW

U U U U U U U
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