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Prototype Information

One Volt SMARTMOS™
Rail-to-Rail Operational Amplifier

The MC33502 operational amglifior providos rail to rail operation on both
the input and outpul. The output can swing within 50 mV of each rail. This
rail-to-rail operation enables the user to make full use of the sntite supply
voltage range available. It is designed to work at very low supply voltages
(1.0V and ground), yel can operata with a supply of up tn +«7 V and ground.
Output currant hoosting techniques provide high output current capability
while keeping the drain current of the amplifier to a minimum.

» Low Voltage. Singla Supply Operation. (+ 1.0V and Gnd 10 + 7V and Gnd).
= High input impedance: Less than 40 fA input current.

- Typical Unity Gain Bandwidth @ 5V =5 MHz, @ 1V = 4 MHz.

= High Output Current (ISC = 50 mA @ 5V, 10mA @ 1V)

« Qutput Vohtage Swings within 50 mV of both Rails.

* Input Vaoltage Raﬁge Includes both Supply Rails.

= High Voltage Gain: 100dB.

* No Phase Kavarsal on the Qutput tor Over-driven Input Signals.
« Input Offset Trimmad to <500puV Typical.

= Low Supply Current (ID ==1.2 mA, Typ).

+ 600 Ohm Drive Capability.

+ Fxtended Oparating Temperature Aange (-40° 10 +105%C)
APPLICATIONS

= Single Call NiCd / Ni MH Powered Systems

* Singlo Cull Litium Pawerad Systams

= Partabie Comemunication Devices

= Low Voltage Active Filters

» (3enaral Systems Requiring Battary Power
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ORDERING INFORMATION

R TEMPERATURE
DEVICE HANGE PACKAGE
MCa3s502P 40" 10 +105%C Plastic DIP
MCa3se2D -40° o +1058C S08




MC33502

MAXIMUM RATING

Rating Symbol Valus Unit
Supply Voltage (VCC to VEE) Vg 7 v
ESD Prataction Voltage st any Pin- Vesp 2000 v
Human Body Model
Voltaga at sy Device Pin v(;, | vtos v
Input Difterential Voltage Ranga Vion Vee ta Vg v
Comman Moda Inpul Voliage Range Veu Vee o Vee v
Qutput Short Cucuit Dutation tg {Note 1) SaC
Maximum Junctian Temperature T, +150 C
Starage Temperatute Range Tslg 65 lo +150 e
Maximum Powsr Dissipation Py (Note 1) mw

NOUTES: 7. Power dasipation mus{ be conmidarsd 10 e1ure maximurm junciion lomperature (1.0) 1 nol axceeded.

DC ELECTRICAL CHARACYERISTICS (Vo= 5.0V, Vee=0 V. Vo » Vg «Veo/2. By 1o Veei2, Ty = 25°C. uniass otharwisa noted.)

Characteristica

Figure » Symbol

Min

V(:c- 10 V:TA- +25%C
R = 10ki2
RL- 1 k2
| Tp = 40° to +105°C
. R = 10 ka2
R = 1 ki}

Voo = 3.0 V- T, = +25°C
R« 10k
A =t k2
Ta = -40° 1o +105°C
R‘_n 10 k(2
nl- 1k0
Vee = 5.0V Ty = +25°C
Ry = 100}
A =1 kQ
Ta = -40” 1D +105°C
Ry = 104}
Ry = 1 ki

100
40

200

Typ Himx Unit
Input Oftsst Voitage Vio mV
Vccd 10V TAGQM - 0.5
Ta = 40% to +105°C . 1.0
Ve = 3.0 V,Vou= OvaC:
To=+25°C - [+2 -
Ta = -40° 10 +105°C - 1.0
Ve« 5.0V, Vo= 0to Vg
TA - -stnc - U.S -
Ta = 40° to +105°C 1.0
Ihput Offsat Volge Tempearature Coelticient (Rg =5012) AVio/AT BVIrc
Ty~ 40 Clo+105° C 20 -
s + .
Input Bias Curment gl A
Vcc 10OV a9
Vee =30V ‘ - 40 -
Vcc 50V E - 40 -
Comman Made Inpat Voltage RHange Vick ! VEE Vee v
Larga Signal Vaoltoge Gain Avor kv
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DC ELECTRICAL CHARACTERISTICS (Vece 5.0 V. Vge=0 V. Vey = Vo = Veof2, B 10 Vo2, Ta» 25°C, unlass otherwisa noted.)

Characteristics Figuwre Symbol Min Typ Max Unit
Output Voitago Swing, High (Vg = +/-0.2 V) - v
Voo = 1.0 V. T = +25°C VoH
R = 10ki2 . 0.95 -
Ry = 600 2 0.88 -
TA- ~40° ta +105°C
Rl. w 10 k1) - -
R, =600 {2 . -
VCC-J.O A" TA- +25°C
R = 10kQ 293 -
R -6000 2.84 -
T = -40° 10 +105°C
rk =10k - -
Ry =600 2 -
VCC =50V TA- +25°C
R = 102 492 -
Ry = 600 2 4.4 -
Ta = -40™ s +105°C
R = 10kQ _
R =600 2 -
Outpat Vollage Swing, Low (Vi(; = +/- 0.2 V) v
Vee =10V Ty = +25°C Vo
iy w10 kN 0.016
Ry = 600 (2 0.047
Ta = -40° t0 +105°C
Ry = 10 kQ
Ry = 600 {1 . .
VCC =30V T‘ = +25°C
R = 10 k2 0.02
Ry = 600 (2 0.08
Ta=-40% 1o +105°C
A = 10 k2 -
Ry » 60002 -
Vep w50 V. Ty = «25°C
HL - 10 kﬂ 0.024
R| - 600 Q 0. lo
Yo = -40° 1o +105YC i
R, = 10ki} i
Ry =600 11 . - i
Common Mode Rejaction {V,, = 0 16 5.0 V) CMA 74 4B
Powar Supply Rejection Ratio PSHA uViv
Veo/Veg = 5.0 VIGnd 1o 3.0 ViGnd 50
VeeNpy: = 3.0 ViGnd o 1.0 WGnd 0
Output Short Circuit Current (V,, Diff = £1V) - Isc mA
V{jc =10V
Source 13
Sink 13
Vec= 3.0 v:
Source 32
Sink 64
Vep= 5.0V,
Sourca 40
S 70
Powsr Supply Cumant (Per ompiitier, Vy = 0 V) - D) mA
Veg = 1OV 1.2 -
Vec = 3.0 V: - 15 -
Vcc =50V, 1.65
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AC ELECTRICAL CHARACTERISTICS (Vo= 5.0V, Vep=0, Vey = Vi » Veof2, Ta= 25°C, unlass otharwisa notad)

Chatactmislics

Figure | Symbol Min Typ Max Unit
Slaw law (Vg = £ 2.5V, Vg » -2.0 V1o +2.0 V. A= 600 (1. Ay = +1.0) - SR Vis
Pasibve Siopo +4.0 .
Negatrve Slope -3.0 -
Unity Gain Bandwdth BW MHz
Ve =10V 40
Veg=30V 50
Vee = 5.0V 50
Gan Margin (R =10 k{2, C|_« 0 pF) Am 6.5 dB
Phasa Margin (Ag = 10 kQ, C « 0 pF) Gm &0 Dayg
Channel Soparation (f= 1.0 Hr to 20 kHz, Ry = 600 £1) cs 120 df
Power Bandwidth (Vy = 4.0 Vp p, R = } k2, THD 5 1.0%) BWe 200 kiz
Yotal Harmonic Distortion (V4 3 Vp-p, Hy = 600 (2, Ay = 1.0) THD L3
1« 1.0kHz 0.004
t= 10 kHz 0.010
Diftarential input Resistance (Vpy =0 V) R, 1 tormu(}
Diftarential Input Capacitance (Vey, = 0 V) - Cin 2.0 . oF
Eguivalant input Notse Voltaga (Vo = 1.0V, Vg = OV, Ve = Gng, a, nVNHz
Rg = 100 Q) 60 -
1= 10Hz2 30 -
- LOKHZ
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Simplified Block Diagram
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GENERAL INFORMATION

Ths MC33502 dual operational amplifier is unique in its abil-
ity to provide one valt rail-to-rail perforrnance on both the
input and output by using a SMARTMOS process. The
amplitior output swings within 50 mV of both rads and is able
lo provide 50 mA of output drive current with a 5.0 volt sup-
ply, and 10 mA with a 1.0 volt supply. A 5.0 MHz bandwidth
and a slew rate of 3.0V/us is achieved with high speed daple-
tion mode NMOS (DNMOS)} and vertical PNP transistors.

This device is characterized over a lemperature range of - ‘

40°C 10 105°C.

CIRCUIT INFORMATION

Input Stage:

OUne volt rail-to-rail parformance is achiaved in the MC33502
at the input by using a single pair of depletion mode NMOS5
devicas {DNMOS) to torm 2 differential amplifier with a very
low input current of 40 {A. The normal input common mode
range ot 3 ONMQOS device, with an ion implanted nagalive
thrashold, includes ground and relias on the body eftect to
dynarmically shift the threshold to a positive value as the gates
are moved from ground lowards the positive supply. Because
tho dovice is manufactured in a p-well process, tha body
offect coefficient is sufticienlly largs to ensure that tha input
stage will remain saturated when the inpuls are at the positive
rail. This also applies at very low supply voltages. The one
volt rail-to-rail input stage consists of a DNMOS dilferantial
amplifier, a folded cascoda, and a low voltage balanced mir-
rar. The low voltage cascoded balanced mirror providas high
13t stage gain and base cumrent cancellation without sacrific-
ing signal integrity. Also. tha input oftset voltage is trimmed to
loss than 1.0 mV becausa of the limited available supply volt-
age. The body valtage of the input ONMOS differential pair is

internally trimmed to minimize the input offset vcltage. Acom-
mon maode teadback path is also employed to anable the off-
set voltage 1o track over tha input common mode voitags.

Tha total operational amplifier quiescent current drop is 1.3
mA/amp.,

Output Stage:

An additional leature of this davice is an “on demand” base
current cancelfation amplifier. This feature provides base
drive to tha output power devicas by making use ol a buffer
amplifiar to perform a voltaga-to-current conversion. This is
done in direct proportion ta the load conditions. A buffar is
necessary to isolate the load cument effects in the output
stage from the input stage. Bacause of tho low voltage condi-
tions, a DNMOS f{ollower is used to provide an essentially
zaro voltage level shift. This buffer isolates any load current
changes on the output stage from loading the input stage.
This “on demand” feature allows these armplifiars to consume
only a few micro-amps ol current when the output stage is in
its quiescent mode. Yat it provides high output curant when
required by the load. The railto-rail output stage current
boost circuit provides 50 mA of output current with a 5.0 volt
supply (Foar a 1.0 volt supply ocutput stage will do 10 mA.)
snabling the op amp to drive « 100 vhm load. A high speed
vertical PNP transistor provides excsellent {frequency perfor-
mance while sourcing current. The op amp is also intemally
carmpensated to provide a phase margin ot 60 degrees. It
has & unity gain of 5.0 MH2 with a 5.0V supply and 4.0 MHz
with a 1.0 V supply,

LOW VOLTAGE OPERATION

The MC33502 will aparata at supply voitages from 0.9V to
7.0V and ground, Since the device is rail-ta-rail on both input
and output, high dynamic range single battery cell applica-
tions are pow possible,
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Figure 1. Output Saturation Voltage versus Load

Flgure 2. Qutput Saturation Voltage versus Load
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OUTLINE DIMENSIONS
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