MC33501, MC33503

1.0 V, Rail-to-Rail, Single
Operational Amplifiers

The MC33501/503 operational amplifier provides -@itrail
operation orboth the input and output. The output can swingiwis0
mV of each rail. This rail-to—rail operation enables the user to make
full use of the entire supply voltage range available. It is designed to
work at very low supply voltages (1.0 V and groynat can operate
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with a supply of up to 7.0 V and ground. Outputrent boosting MARKING
techniques provide high output current capability while keeping the DIAGRAM
drain current of the amplifier to a minimum.
s
Features % S0128 AYWs
5 SN SUFFIX xxx
e |Low \oltage, Single Supply Operation (1.0 V and Grd to 7.0 V 1 CASE 483 |_|. |_| [
and Ground) 1
e High Input Impedance: Typically 40 fA Input Bias @ent wx = AAA: MC33501
e Typical Unity Gain Bandwidth @ 5.0 V = 4.0 MHz, AAB; MC33503
@ 1.0V =3.0 MHz = Assembly Location
e High Output Current §c= 40 mA @ 5.0V, 13 mA @ 1.0 V) W o e ek
e Qutput Voltage Swings within 50 mV of Both Rails 1@ V . = Pb-Free Package
e Input Voltage Range Includes Both Supply Rails (Note: Microdot may be in either location)
e High Voltage Gain: 100 dB Typical @ 1.0 V BIN CONNECTIONS
e No Phase Reversal on the Output for Over—Driventigignals
e Typical Input Offset of 0.5 mV MC33501
e Low Supply Current ¢ = 1.2 mA/per Amplifier, Typical)
e 600Q Drive Capability Output [ 1 5 JVee
e Extended Operating Temperature Range (40 t6C)05 Voo [ 2]
e Pb-Free Packages are Available Non-Inverting | 3 | ——{ 4 | Inverting Input
Input (Top View)
Applications
® Single Cell NiCd/Ni MH Powered Systems MC33503
e Interface to DSP Output E E Voo
e Portable Communication Devices Vee E
® | ow Voltage Active Filters Non-Invertng [ 3 | A 4] inveting Input
e Telephone Circuits Input (Top View)
e Instrumentation Amplifiers
® Audio Applications ORDERING INFORMATION
e Power Supply Monitor and Control Device Package Shipping
e Transistor Count: 98
MC33501SNT1 SOT23-5 | 3000 Tape & Reel
MC33501SNT1G | SOT23-5 | 3000 Tape & Reel
(Pb-Free)
MC33503SNT1 SOT23-5 | 3000 Tape & Reel
MC33503SNT1G | SOT23-5 | 3000 Tape & Reel

(Pb—Free)
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tFor information o

n tape and reel specifications,

including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specifications
Brochure, BRD8011/D.

Publication Order Number:
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Figure 1. Simplified Block Diagram

This device contains 98 active transistors per amplifier.

Rating Symbol Value Unit
Supply Voltage (Vcc to Veg) Vg 7.0 \%
ESD Protection Voltage at any Pin VEsp 2000 \%

Human Body Model

Voltage at Any Device Pin Vpp Vg10.3 \%
Input Differential Voltage Range VDR Vce to VEg \%
Common Mode Input Voltage Range Vewm Vce to VEg \%
Output Short Circuit Duration ts Note 1 s
Maximum Junction Temperature T; 150 °C
Storage Temperature Range Tstg —-65 to 150 °C
Maximum Power Dissipation Pp Note 1 mwW

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect

device reliability.

1. Power dissipation must be considered to ensure maximum junction temperature (T;) is not exceeded.

2. ESD data available upon request.
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MC33501, MC33503

DC ELECTRICAL CHARACTERISTICS (Vec =5.0V, Veg =0V, Veu = Vo = Veo/2, Ry to Vee/2, Ta = 25°C, unless

otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input Offset Voltage (Vcm = 0 to V) Vio mV
VCC =10V
Ta=25°C -5.0 0.5 5.0
Ta = —40° to 105°C -7.0 - 7.0
VCC =30V
Ta=25°C -5.0 0.5 5.0
Ta = —40° to 105°C -7.0 - 7.0
Vcc =50V
Ta=25°C -5.0 0.5 5.0
Ta = —40° to 105°C -7.0 - 7.0
Input Offset Voltage Temperature Coefficient (Rg = 50 2) AV |o/AT - 8.0 - uv/ec
Ta = —40° to 105°C
Input Bias Current (Vcc = 1.0t0 5.0 V) gl - 0.00004 1.0 nA
Common Mode Input Voltage Range Vicr Ve - Vee \%
Large Signal Voltage Gain AvoL kvIv
Vee=1.0V (Ta = 25°C)
R =10 kQ 25 100 -
R =1.0 kQ 5.0 50 -
Vee =3.0V (Tp = 25°C)
R =10 kQ 50 500 -
R =1.0 kQ 25 100 -
Vcc =50V (TA = 2500)
R =10 kQ 50 500 -
R =1.0kQ 25 200 -
Output Voltage Swing, High (V|p =20.2 V) VoH \%
Vee = 1.0V (TA = 25°C)
R =10 kQ 0.9 0.95 -
R_ =600 0.85 0.88 -
Vee =1.0V (Ta = —-40° to 105°C)
R =10 kQ 0.85 - -
R_ =600 0.8 - -
Vee =3.0V (Ta =25°C)
R =10 kQ 2.9 2.93 -
R =600 Q 2.8 2.84 -
Ve =3.0V (Ta = —40° to 105°C)
R =10 kQ 2.85 - -
R =600 Q 2.75 - -
Vcc =50V (TA = 25°C)
R =10 kQ 4.9 4.92 -
R_ =600 Q 4.75 4.81 -
Vce =5.0 V (Ta = —40° to 105°C)
R =10 kQ 4.85 - -
R =600 Q 4.7 - -
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MC33501, MC33503

DC ELECTRICAL CHARACTERISTICS (continued) (Vcc=5.0V, VEg =0V, Vem = Vo = Vec/2, Ry to Vec/2, Ta = 25°C, unless
otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Voltage Swing, Low (V,p =+0.2 V) VoL \%
Vee = 1.0V (TA = ZSOC)
R =10 kQ 0.05 0.02 -
R_ =600 0.1 0.05 -
Vee = 1.0V (Tp = -40° to 105°C)
R =10 kQ 0.1 - -
Rp =600 0.15 - -
Vee = 3.0V (TA = 25°C)
R =10 kQ 0.05 0.02 -
R_ =600 0.1 0.08 -
Vee = 3.0V (Tp = —40° to 105°C)
R =10 kQ 0.1 - -
R_ =600 0.15 - -
Vee =5.0V (Ta = 25°C)
R =10 kQ 0.05 0.02 -
R_ =600 0.15 0.1 -
Vee = 5.0V (Ta = —40° to 105°C)
R =10 kQ 0.1 - -
R_ =600 0.2 - -
Common Mode Rejection (Vi, =010 5.0 V) CMR 60 75 - dB
Power Supply Rejection PSR 60 75 - dB
Vee/Vee = 5.0 VIGround to 3.0 V/Ground
Output Short Circuit Current (Vi Diff = £1.0 V) Isc mA
VCC =10V
Source 6.0 13 26
Sink 10 13 26
VCC =30V
Source 15 32 60
Sink 40 64 140
Vcc =50V
Source 20 40 140
Sink 40 70 140
Power Supply Current (Per Amplifier, Vo = 0 V) 15} mA
Vec=1.0V - 1.2 1.75
Vee = 30V - 1.5 2.0
Vec=5.0V - 1.65 2.25
Vee = 1.0V (Tp = -40 to 105°C) - - 2.0
Vee =3.0V (Tp = -40 to 105°C) - - 2.25
Vee =5.0 V (Ta = -40 to 105°C) - - 25
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MC33501, MC33503

AC ELECTRICAL CHARACTERISTICS (Vcc =5.0V, VEg =0V, Vem = Vo = Veel2, Ta = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Slew Rate (Vg =225V, Vp=-2.0t0 2.0V, R = 2.0k, Ay = 1.0) SR Vius

Positive Slope 1.8 3.0 6.0

Negative Slope 1.8 3.0 6.0
Gain Bandwidth Product (f = 100 kHz) GBW MHz

Vec =05V, Vg =-05V 2.0 3.0 6.0

Vec =15V, Vgg=-15V 25 35 7.0

Vec =25V, Vg =-25V 3.0 4.0 8.0
Gain Margin (R =10 kQ, C| =0 pF) Am - 6.5 - dB
Phase Margin (R_ = 10 kQ, C__ = 0 pF) dm - 60 - Deg
Channel Separation (f = 1.0 Hz to 20 kHz, R = 600 Q) Cs - 120 - dB
Power Bandwidth (Vo = 4.0 Vpp, R = 1.0 kQ, THD <1.0%) BWp - 200 - kHz
Total Harmonic Distortion (Vo = 4.5 Vpp, R = 600 Q, Ay = 1.0) THD %

f=1.0 kHz - 0.004 -

f=10 kHz - 0.01 -
Differential Input Resistance (Vgpy =0 V) Rin - >1.0 - terraQ
Differential Input Capacitance (Vcpm =0 V) Cin - 2.0 - pF
Equivalent Input Noise Voltage (Vcc = 1.0V, Vepm =0V, Vg = GND, en nVAHz

Rg =100 Q)

f=1.0 kHz - 30 -

Voo 0

? S
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l

Figure 2. Representative Block Diagram
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MC33501, MC33503

General Information Output Stage

The MC33501/503 dual operational amplifier is unigque An additional feature of this device is an “on dewia
its ability to provide 1.0 V rail-to—rail performee on both base current cancellation amplifier. This feature provides
the input and output by using a SMARTMOSrocess. The  base drive to the output power devices by making use of a
amplifier output swings within 50 mV of both radsd is buffer amplifier to perform a voltage-to—current
able to provide 50 mA of output drive current witls.0 V conversion. This is done in direct proportion to the load
supply, and 10 mA with a 1.0 V supply. A 5.0 MHz conditions. This “on demand” feature allows these
bandwidth and a slew rate of 3.Qug/is achieved with high  amplifiers to consume only a few micro—amps of current
speed depletion mode NMOS (DNMOS) and vertical PNP when the output stage is in its quiescent mode. Yet it
transistors. This device is characterized ovemptzature  provides high output current when required by the load. Th

range of —40C to 105C. rail-to-rail output stage current boost circuit provides
50 mA of output current with a 5.0 V supply (Fot.8@ V

Circuit Information supplyoutput stage will do 10 mA) enabling the operationa

Input Stage amplifier to drive a 60 load. A buffer is necessary to

One volt rail-to-rail performance is achieved ireth igpjate the load current effects in the output stage from the
MC33501/503 athe input by using a single pair of depletion input stage. Because of the low voltage conditicas,
mode NMOS devices (DNMOS) to form a differential pNMOS follower is used to provide an essentially zero
amplifier with a very low input current of 40 fAlig normal  yoltage level shift. This buffer isolates any load current
input common mode range of a DNMOS device, witioan  changes othe output stage from loading the input stage. A
implanted negative thresho_ld,includ_es ground afids on high speed vertical PNP transistor provides exotlle
the body effect to dynamically shift the threshetda  frequency performance while sourcing current. The
positive value as the gates are moved from groowerds  gperational amplifier is also internally compensated to
the positive supply. Because the device is manufedtin - rovide aphase margin of 60 degrees. It has a unity gain of

a p-well process, the body effect coefficient iflisiently 5.0 MHz with a 5.0 V supply and 4.0 MHz with a A0
large to ensure that the input stage will remairstauitially supply.

saturated when the inputs are at the positive rail. This also

applies at very low supply voltages. The 1.0 V+tait-rail Low Voltage Operation

input stage consists of a DNMOS differential ametifa The MC33501/503 will operate at supply voltages from

foldedcascode, and a low voltage balanced mirror. The low 0.9 to 7.0 V and ground. When using the MC33501/403

voltage cascaded balanced mirror provides high 1st stagesupply voltages of less than 1.2 Wit offset voltage may

gain and base current cancellation without saardisignal increase slightly as the input signal swings within

integrity. A common modéeedback path is also employed approximately 50 mV of the positive supply rdihis effect

to enable the offset voltage to track over the irgmmmon occurs only for supply voltages below 1.2 V, due tdrtpet

mode voltage. The total operational amplifier quiescent depletion mode MOSFETSs starting to transition betwihe

current drop is 1.3 mA/amp. saturated to linear region, and should be considered when
designing high side dc sensing applications opeyatt the
positive supply rail. Sincthe devicas rail-to—rail on both
input and output, high dynamic range single battzly
applications are now possible.
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Vsat, OUTPUT SATURATION VOLTAGE (mV)

i3, INPUT CURRENT (pA)

MC33501, MC33503
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Vo, OUTPUT VOLTAGE (V) PDppax, MAXIMUM POWER DISSIPATION (mW)

PSR, POWER SUPPLY REJECTION (dB)

MC33501, MC33503
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Figure 14. Output Short Circuit Current

versus Output Voltage



llscl, OUTPUT SHORT CIRCUIT CURRENT (mA)

PERCENTAGE OF AMPLIFIERS (%)

THD, TOTAL HARMONIC DISTORTION (%)

MC33501, MC33503
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MC33501, MC33503
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CS, CHANNEL SEPARATION (dB)

en, EQUIVALENT INPUT NOISE VOLTAGE (nV/+/ Hz)
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MC33501, MC33503
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MC33501, MC33503
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MC33501, MC33503
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NOTES:

1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994.

2. CONTROLLING DIMENSION: MILLIMETERS.

3. MAXIMUM LEAD THICKNESS INCLUDES LEAD FINISH
THICKNESS. MINIMUM LEAD THICKNESS IS THE
MINIMUM THICKNESS OF BASE MATERIAL.

. DIMENSIONS A AND B DO NOT INCLUDE MOLD
FLASH, PROTRUSIONS, OR GATE BURRS. MOLD
FLASH, PROTRUSIONS, OR GATE BURRS SHALL NOT
EXCEED 0.15 PER SIDE. DIMENSION A.

. OPTIONAL CONSTRUCTION: AN ADDITIONAL
TRIMMED LEAD IS ALLOWED IN THIS LOCATION.
TRIMMED LEAD NOT TO EXTEND MORE THAN 0.2
FROM BODY.

MILLIMETERS
MIN MAX
2.85 3.15
1.35 1.65
0.90 1.10
0.25 0.50

0.95 BSC
0.01 0.10
0.10 0.26
0.20 0.60

0° 10°
2.50 3.00

DETAIL Z

DETAIL Z
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GENERIC
MARKING DIAGRAM*

sl s
XXXAYWn XXX M=
apugn RuRERn

Analog Discrete/Logic

XXX = Specific Device Code XXX = Specific Device Code
A = Assembly Location M = Date Code

Y =Year = = Pb-Free Package

W = Work Week

=  =Pb-Free Package

(Note: Microdot may be in either location)

*This information is generic. Please refer to
device data sheet for actual part marking.
Pb-Free indicator, “G” or microdot “ =
may or may not be present.
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