19-2137; Rev 4; 12/09

N AXI/

SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

General Description

The MAX4475-MAX4478/MAX4488/MAX4489 wide-
band, low-noise, low-distortion operational amplifiers
offer rail-to-rail outputs and single-supply operation
down to 2.7V. They draw 2.2mA of quiescent supply
current per amplifier while featuring ultra-low distortion
(0.0002% THD+N), as well as low input voltage-noise
density (4.5nVAHz) and low input current-noise density
(0.5fARWHz). These features make the devices an ideal
choice for applications that require low distortion and/or
low noise.

For power conservation, the MAX4475/MAX4488 offer a
low-power shutdown mode that reduces supply current
to 0.01pA and places the amplifiers’ outputs into a high-
impedance state. These amplifiers have outputs which
swing rail-to-rail and their input common-mode voltage
range includes ground. The MAX4475-MAX4478 are
unity-gain stable with a gain-bandwidth product of
10MHz. The MAX4488/4489 are internally compensated
for gains of +5V/V or greater with a gain-bandwidth
product of 42MHz. The single MAX4475/MAX4476/
MAX4488 are available in space-saving, 6-pin SOT23
and TDFN packages.

Applications

ADC Buffers

DAC Output Amplifiers

Low-Noise Microphone/Preamplifiers
Digital Scales

Strain Gauges/Sensor Amplifiers
Medical Instrumentation

UMAX is a registered trademark of Maxim Integrated Products, Inc.

__Typical Operating Characteristic
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Features
Low Input Voltage-Noise Density: 4.5nV/NHz
Low Input Current-Noise Density: 0.5fA/NHz
Low Distortion: 0.0002% THD+N (1kQ2 load)
Single-Supply Operation from +2.7V to +5.5V

Input Common-Mode Voltage Range Includes
Ground

Rail-to-Rail Output Swings with a 1kQ Load

10MHz GBW Product, Unity-Gain Stable
(MAX4475-MAX4478)

¢ 42MHz GBW Product, Stable with Ay > +5V/V
(MAX4488/MAX4489)

4 Excellent DC Characteristics
Vos =70puV
IBIAS = 1pA
Large-Signal Voltage Gain = 120dB
4 Low-Power Shutdown Mode:
Reduces Supply Current to 0.01pA
Places Output in High-Impedance State
¢ Available in Space-Saving SOT23, TDFN, pMAX®,
and TSSOP Packages

Ordering Information

* & & o o

> &

PART TEMPRANGE PAGlAGE  MARK
MAX4475AUT+T  -40°C 1o +125°C 650723 AAZV
MAX4475AUA+  -40°C 10 +125°C 8 pMAX -
MAX4475ASA+  -40°C 10 +125°C 850 —
MAX4475ATT+T  -40°C 1o +125°C 6 TDFN-EP* _ +ADD

+Denotes a lead(Pb)-free/RoHS-compliant package.
*EP = Exposed pad (connect to Vss).

Ordering Information continued at end of data sheet.
Pin Configurations and Typical Operating Circuit appear at
end of data sheet.

Selector Guide

ot | CANEW | “aan | NO.OF | o
MAX4475 10 1 1 Yes
MAX4476 10 1 1 —
MAX4477 10 1 2 —
MAX4478 10 1 4 —
MAX4488 42 5 1 Yes
MAX4489 42 5 2 —

MAXIM

Maxim Integrated Products 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website at www.maxim-ic.com.
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MAX4475-MAX4478/MAX4488/MAX4489

SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

ABSOLUTE MAXIMUM RATINGS

Power-Supply Voltage (VDD to VSS) ..ovvvieiiieee. -0.3V to +6.0V
Analog Input Voltage (IN_+, IN_-)....(Vss - 0.3V) to (Vpp + 0.3V)
SHDN Input Voltage.........ccccoooviiiiiiiiiinn (Vss - 0.3V) to +6.0V
Output Short-Circuit Duration to Either Supply .......... Continuous
Continuous Input Current (IN+, IN-) .o +10mA
Continuous Power Dissipation (Ta = +70°C)

6-Pin SOT23 (derate 9.1mW/°C above +70°C)........... 727TmW

6-Pin TDFN (derate 18.2mW/°C above 70°C)........... 1454mWwW

8-Pin uMAX (derate 4.5mW/°C above +70°C) ............ 362mwW
8-Pin SO (derate 5.88mW/°C above +70°C)............... 471mW
14-Pin SO (derate 8.33mW/°C above +70°C).............. 667mwW
14-Pin TSSOP (derate 9.1mW/°C above +70°C) ......... 727TmW
Operating Temperature Range ......................... -40°C to +125°C
Junction Temperature ............ooeeiviiiiiiiic +150°C
Storage Temperature Range ..........cc..ooeeeeeen. -65°C to +150°C
Lead Temperature (soldering, 10S) ........coocvvviiieiiiineennn, +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

DC ELECTRICAL CHARACTERISTICS

(Vpp = +5V, Vss = 0V, VoM = 0V, VouT = Vpp/2, RL tied to Vpp/2, SHDN = Vpp, Ta = -40°C to +125°C, unless otherwise noted.
Typical values are at Ta = +25°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Range VbD (Note 3) 2.7 55 \
N | q Vpp = 3V 2.2 A
i ormal mode m
Owegg:ent Supply Current Per b VoD = 5V 55 14
Amplifier
Shutdown mode (SHDN = Vss) (Note 2) 0.01 1.0 HA
Inout Offset Volt v Ta = +25°C +70 +350 v
npu set Voltage
P 9 05 [Ta=-40°Cto +125°C w750 | "
Input Offset Voltage Tempco TCvos +0.3 +6 pv/eC
Input Bias Current B (Note 4) +1 +150 pA
Input Offset Current los (Note 4) +1 +150 pA
Differential Input Resistance RIN 1000 GQ
Input Common-Mode Voltage vew Guaranteed by | TA = +25°C -0.2 Vop- 1.6 y
Range CMRR Test Ta = -40°C to +125°C -0.1 Vpp-1.7
(Vss - 0.2V) <
Vewm < (Vpp - Ta = +25°C 90 115
- . 1.6V)
Common-Mode Rejection Ratio CMRR (Vss -0.1V) < dB
Vewm < (Vpp - Ta =-40°C to +125°C 90
1.7V)
Power-Supply Rejection Ratio PSRR Vpp =2.7t0 5.5V 90 120 dB
RL = 10kQ to Vpp/2;
Vout = 100mV to (Vpp - 125mV) 90 120
) ) RL = 1kQ to Vpp/2;
Large-Signal Voltage Gain AvoL VOUT = 200mV to (VDD - 250mV) 85 110 dB
RL = 500Q to Vpp/2; 85 110
VouT = 350mV to (Vpp - 500mV)
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SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

DC ELECTRICAL CHARACTERISTICS (continued)

(Vbp = +5V, Vss = 0V, Vcm = 0V, VouT = Vpp/2, RL tied to Vpp/2, SHDN = Vpp, Ta = -40°C to +125°C, unless otherwise noted.
Typical values are at Ta = +25°C.) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
IVINt - VIN- = 10mV, VDD - VoH 10 45
RL = 10kQ to Vpp/2 VoL - Vss 10 40
. IVIN+ - VIN- = 10mV, VpD - VOH 80 200
Output Voltage Swin V mV
P o 9 OUT | RL = 1kQ to Vpp/2 VoL - Vss 50 150
IViNg - VINC 2 10mV, VpD - VOH 100 300
RL = 500Q to Vpp/2 VoL - Vss 80 250
Output Short-Circuit Current Isc 48 mA
Shutdown mode (SHDN = Vsgs),
Output Leakage Current | +0.001 +1.0 A
P 9 LEAR | vour = Vss to Vop H
SHDN Logic Low ViL 0.3xVpDp \
SHDN Logic High VIH 0.7 xVpD \
SHDN Input Current SHDN = Vss to Vpp 0.01 1 uA
Input Capacitance CIN 10 pF
AC ELECTRICAL CHARACTERISTICS
(Vbp = +5V, Vss = 0V, Vcm = 0V, VouT = Vpp/2, RL tied to Vpp/2, SHDN = Vpp, Ta = +25°C.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
. . MAX4475-MAX4478 Ay = +1V/V 10
Gain-Bandwidth Product GBWP MHz
MAX4488/MAX4489 Ay = +5V/V 42
MAX4475-MAX4478 Ay = +1V/V 3
Slew Rate SR V/us
MAX4488/MAX4489 Ay = +5V/V 10
. MAX4475-MAX4478 Ay = +1V/V 0.4
Full-Power Bandwidth (Note 5) MHz
MAX4488/MAX4489 Ay = +5V/V 1.25
Peak-to-Peak Input Noise Voltage enpp-py | f=0.1Hz to 10Hz 260 nVp-p
f=10Hz 21
Input Voltage-Noise Density en f=1kHz 4.5 nVAHz
f = 30kHz 3.5
Input Current-Noise Density in f=1kHz 0.5 fANHZ
Vour = 2Vp-p, f = 1kHz 0.0002
Ay = +1VNV
(MAX4475-MAX4478), _
RL = 10KQ to GND f = 20kHz 0.0007
XO{T y \2/V\/F’ i f = 1kHz 0.0002
Total Harmonic Distortion Plus THD + N (I\\/TA_XZMé MAX4478) o
Noise (Note 6 - ! _ °
( ) RL = 1k to GND f = 20kHz 0.001
Vout = 2Vp-p, f = 1kHz 0.0004
Av = +5V/V
(MAX4488/MAX4489),

MAXIM 3
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MAX4475-MAX4478/MAX4488/MAX4489

SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

AC ELECTRICAL CHARACTERISTICS (continued)
(Vpbp = +5V, Vss = OV, Vem = 0V, VouT = Vpp/2, RL tied to Vpp/2, SHDN = Vpp, Ta = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
- Vout = 2Vp-p, f = 1kHz 0.0005
Total Harmonic Distortion Plus THD + N Ay = +5V/V o
Noise (Note 6) (MAX4488/MAX4489), f = 20KH 0.008 °
RL = 1kQ to GND = ‘ :
Capacitive-Load Stability No sustained oscillations 200 pF
Gain Margin GM 12 dB
) MAX4475-MAX4478, Ay = +1V/V 70
Phase Margin oM degrees
MAX4488/MAX4489, Ay = +5V/V 80
Settling Time To 0.01%, Vout = 2V step 2 us
Delay Time to Shutdown tsH 1.5 us
Enable Delay Time from Shutdown tEN Vourt = 2.5V, Vour settles to 0.1% 10 us
Power-Up Delay Time Vpp = 0 to 5V step, VourT stable to 0.1% 13 us

Note 1: All devices are 100% tested at Ta = +25°C. Limits over temperature are guaranteed by design.

Note 2: SHDN is available on the MAX4475/MAX4488 only.

Note 3: Guaranteed by the PSRR test.

Note 4: Guaranteed by design.

Note 5: Full-power bandwidth for unity-gain stable devices (MAX4475-MAX4478) is measured in a closed-loop gain of +2V/V to
accommodate the input voltage range, VouT = 4Vpp.

Note 6: Lowpass-filter bandwidth is 22kHz for f = 1kHz and 80kHz for f = 20kHz. Noise floor of test equipment = 10nVA/Hz.

Typical Operating Characteristics

(Vpbp = +5V, Vss = 0V, Vem = 0V, Vout = Vpp/2, RL tied to Vpp/2, input noise floor of test equipment =10nVAHz for all distortion
measurements, Ta = +25°C, unless otherwise noted.)
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INPUT OFFSET VOLTAGE DISTRIBUTION OFFSET VOLTAGE vs. TEMPERATURE vs. INPUT COMMON-MODE VOLTAGE

18 250 50
B 200
150
100

50

Veow =0V

MAX4475-8 toc1
MAX4475 toc02
MAX4475 toc03

40

30

-50 ~ 20
-100

8

6

4 150 Ty M
S—

2

0

Vpp =3V

PERCENTAGE OF UNITS (%)
S
INPUT OFFSET VOLTAGE (V)
/
INPUT OFFSET VOLTAGE (V)

Vpp =5V
—~—_ ¥

200 I

-250 0
-50-40-30-20-10 0 10 20 30 40 50 S50 25 0 25 50 75 100 125 -05 05 15 25 35 45

Vos (V) TEMPERATURE (°C) INPUT COMMON-MODE VOLTAGE (V)

4 MAXIMN




SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Typical Operating Characteristics (continued)

(VDD = +5V, Vss = 0V, Vo = 0V, VouT = Vpp/2, RL tied to Vpp/2, input noise floor of test equipment =10nVA/Hz for all distortion
measurements, Ta = +25°C, unless otherwise noted.)
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MAX4475-MAX4478/MAX4488/MAX4489

SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Typical Operating Characteristics (continued)

(VDD = +5V, Vss = 0V, Vo = 0V, VouTt = Vpp/2, RL tied to Vpp/2, input noise floor of test equipment =10nVA/Hz for all distortion
measurements, Ta = +25°C, unless otherwise noted.)
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SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Typical Operating Characteristics (continued)

(VDD = +5V, Vss = 0V, Vo = 0V, VouT = Vpp/2, RL tied to Vpp/2, input noise floor of test equipment =10nVA/Hz for all distortion
measurements, Ta = +25°C, unless otherwise noted.)
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MAX4475-MAX4478/MAX4488/MAX4489

SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Typical Operating Characteristics (continued)

(VDD = +5V, Vss = 0V, Vo = 0V, VouT = Vpp/2, RL tied to Vpp/2, input noise floor of test equipment =10nVA/Hz for all distortion
measurements, Ta = +25°C, unless otherwise noted.)
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Pin Description
PIN
MAX4475/ MAX4475/ MAX4477/
MAX4488 MAX4488 MAX4476 MAX4489 MAX4478 NAME FUNCTION
SOT23/TDFN SO/uMAX SOT23/TDFN SO/uMAX SO/TSSOP
OUT, OUTA,
1 6 1 1,7 1,7,8, 14 OuUTB, OUTC, Amplifier Output
OuUTD
Negative Supply. Connect
2 4 2 4 11 Vss to ground for single-
supply operation
IN+, INA+, . . e
3 3 3 3,5 3,5,10, 12 INB+, INC+, | ioninverting Amplifier
nput
IND+
4 2 4 2,6 2,6,9 13 lNlN”C\:IA”\IIBIB Inverting Amplifier Input
6 7 6 8 4 VbD Positive Supply
Shutdown Input. Connect
S to Vpp for normal
5 8 o o T SHDN operation (amplifier(s)
enabled).
No Connection. Not
o 1.5 5 T o N.C. internally connected.
EP (TDFN EP (TDFN Ep Exposed Paddle. Connect
only) _ only) - - to Vss.
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SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Detailed Description

The MAX4475-MAX4478/MAX4488/MAX4489 single- [
supply operational amplifiers feature ultra-low noise )
and distortion. Their low distortion and low noise make vy
them ideal for use as preamplifiers in wide dynamic- Re

range applications, such as 16-bit analog-to-digital
converters (see Typical Operating Circuit). Their high- f\/VV @ -
input impedance and low noise are also useful for sig- R v

nal conditioning of high-impedance sources, such as = our
piezoelectric transducers. +

These devices have true rail-to-rail ouput operation, Vin
drive loads as low as 1kQ while maintining DC accura-
cy, and can drive capactive loads up to 200pF without —
oscillation. The input common-mode voltage range
extends from (Vpp - 1.6V) to 200mV below the negative
rail. The push-pull output stage maintains excellent DC
characteristics, while delivering up to £5mA of current.

The MAX4475-MAX4478 are unity-gain stable, while
the MAX4488/MAX4489 have a higher slew rate and Ay=+2

are stable for gains = 5V/V. The MAX4475/MAX4488 Fir =g = 100ke2
feature a low-power shutdown mode, which reduces 100mV YN
the supply current to 0.01pA and disables the outputs. 100mV/div

Figure 1. Adding Feed-Forward Compensation

ov

Low Distortion
Many factors can affect the noise and distortion that the ! v
device contributes to the input signal. The following 100mvidiv

guidelines offer valuable information on the impact of
design choices on Total Harmonic Distortion (THD).

Choosing proper feedback and gain resistor values for
a particular application can be a very important factor
in reducing THD. In general, the smaller the closed- 2us/div
loop gain, the smaller the THD generated, especially
when driving heavy resistive loads. The THD of the part
normally increases at approximately 20dB per decade,
as a function of frequency. Operating the device near
or above the full-power bandwidth significantly a2 R
degrades distortion. | Re=Rg=100kQ .. .o
Referencing the load to either supply also improves the e N
part’s distortion performance, because only one of the S o1 o: oo ] 1oomvidv
MOSFETs of the push-pull output stage drives the out-
put. Referencing the load to midsupply increases the
part’s distortion for a given load and feedback setting.
(See the Total Harmonic Distortion vs. Frequency graph
in the Typical Operating Characteristics.)

For gains = 5V/V, the decompensated devices
MAX4488/MAX4489 deliver the best distortion perfor-
mance, since they have a higher slew rate and provide
a higher amount of loop gain for a given closed-loop
gain setting. Capacitive loads below 100pF do not sig- Figure 2b. Pulse Response with 10pF Feed-Forward
nificantly affect distortion results. Distortion perfor- Compensation

mance is relatively constant over supply voltages.

Figure 2a. Pulse Response with No Feed-Forward
Compensation

Vout
100mV/div

2us/div

MAXIM 9
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MAX4475-MAX4478/MAX4488/MAX4489

SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Low Noise
The amplifier’s input-referred noise-voltage density is
dominated by flicker noise at lower frequencies, and by
thermal noise at higher frequencies. Because the ther-
mal noise contribution is affected by the parallel combi-
nation of the feedback resistive network (RF Il Rg,
Figure 1), these resistors should be reduced in cases
where the system bandwidth is large and thermal noise
is dominant. This noise contribution factor decreases,
however, with increasing gain settings.

For example, the input noise-voltage density of the cir-
cuit with RF = 100k, Rg = 11kQ (Av = +5V/V) is
en = 14nV/VHz, en can be reduced to 6nV/VHz by
choosing RF = 10kQ, Rg = 1.1kQ (Ay = +5V/V), at the
expense of greater current consumption and potentially
higher distortion. For a gain of 100V/V with RF = 100k,
RaG = 1.1kQ, the en is still a low 6nVAVHz.

Using a Feed-Forward Compensation
Capacitor, Cz
The amplifier's input capacitance is 10pF. If the resis-
tance seen by the inverting input is large (feedback
network), this can introduce a pole within the amplifier's
bandwidth resulting in reduced phase margin.
Compensate the reduced phase margin by introducing
a feed-forward capacitor (Cz) between the inverting
input and the output (Figure 1). This effectively cancels
the pole from the inverting input of the amplifier.
Choose the value of Cz as follows:

Cz =10x (RF/Ra) [pF]

In the unity-gain stable MAX4475-MAX4478, the use of
a proper Cz is most important for Ay = +2V/V, and
Ay = -1V/V. In the decompensated MAX4488/
MAX4489, Cz is most important for Ay = +10V/V.
Figures 2a and 2b show transient response both with
and without Cz.

Using a slightly smaller Cz than suggested by the for-
mula above achieves a higher bandwidth at the
expense of reduced phase and gain margin. As a gen-
eral guideline, consider using Cz for cases where Rg I
RF is greater than 20kQ (MAX4475-MAX4478) or
greater than 5kQ (MAX4488/MAX4489).

Applications Information

The MAX4475-MAX4478/MAX4488/MAX4489 combine
good driving capability with ground-sensing input and
rail-to-rail output operation. With their low distortion and
low noise, they are ideal for use in ADC buffers, med-
ical instrumentation systems and other noise-sensitive
applications.

10

AVIZ”I Lo 4 Sl

[ VoD =45V
RL=10kQ - - 1

..L.: PR Vin
NG T NG A vy

Vout
2V/div

Figure 3. Overdriven Input Showing No Phase Reversal

5V
"\ A

\““L
—
™~
/’

Vour

\ \ } 1V/div

ov

20ps/div

Figure 4. Rail-to-Rail Output Operation

Ground-Sensing and Rail-to-Rail Outputs

The common-mode input range of these devices
extends below ground, and offers excellent common-
mode rejection. These devices are guaranteed not to
undergo phase reversal when the input is overdriven
(Figure 3).

Figure 4 showcases the true rail-to-rail output operation
of the amplifier, configured with Ay = 5V/V. The output
swings to within 8mV of the supplies with a 10kQ load,
making the devices ideal in low-supply voltage applica-
tions.

Power Supplies and Layout
The MAX4475-MAX4478/MAX4488/MAX4489 operate
from a single +2.7V to +5.5V power supply or from dual
supplies of £1.35V to £2.75V. For single-supply opera-
tion, bypass the power supply with a 0.1pF ceramic

MAXIMN




SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Typical Application Circuit

+5V +2.5V 45V
T o
— s Voo 7 U2
U1 REF , MAXI
SERIAL
INTEREACE —1 SCLK MAXIMN ouT + MAX4475AUA 010425V
WAXSSATESA 6 UTPUT
DIN DGND )
| _
—_— 4] 8
SHDN
Typical Operating Circuit
i 5y
470p
j—
0.1uF
3.0k 7.874Q 0—| |—_\_ 200pF
1% 1% , —= [
o—’\/\/\/—<>—’\/\/\/T + 8 38%Q 137kQ I
1% 1%
ZZOpFI MAXIMN 1 < 5 + 7.15kQ
p— 1/2 MAX4477 19,
- | 220pF 7
2| " £ L | 2o Vv
= i 220pF
: T
10.0k
A
10.0k2 o0
— 1% °

capacitor placed close to the Vpp pin. If operating from
dual supplies, bypass each supply to ground.

Good layout improves performance by decreasing the
amount of stray capacitance and noise at the op amp’s
inputs and output. To decrease stray capacitance, min-
imize PC board trace lengths and resistor leads, and
place external components close to the op amp’s pins.

Typical Application Circuit
The Typical Application Circuit shows the single
MAX4475 configured as an output buffer for the
MAX5541 16-bit DAC. Because the MAX5541 has an
unbuffered voltage output, the input bias current of the
op amp used must be less than 6nA to maintain 16-bit
accuracy. The MAX4475 has an input bias current of
only 150pA (max), virtually eliminating this as a source

MAXIM

of error. In addition, the MAX4475 has excellent open-
loop gain and common-mode rejection, making this an
excellent ouput buffer amplifier.

DC-Accurate Lowpass Filter
The MAX4475-MAX4478/MAX4488/MAX4489 offer a
unique combination of low noise, wide bandwidth, and
high gain, making them an excellent choice for active
filters up to 1MHz. The Typical Operating Circuit shows
the dual MAX4477 configured as a 5th order
Chebyschev filter with a cutoff frequency of 100kHz.
The circuit is implemented in the Sallen-Key topology,
making this a DC-accurate filter.

11
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MAX4475-MAX4478/MAX4488/MAX4489

SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Pin Configurations

TOP VIEW TOP VIEW
NG [1] 8] SHON 0UTA [1] 8] Voo
INA- | 2 2NV 7| Voo INA- | 2 NIV 7| ouTB
H MAX4475 ] B MAX4477 ]
A+ [3]  MAX4488  |6] out A+ [3]  MAX4489 6] me-
Vss [4] [5] ne. Vss [4] 5] g+
SO/UMAX SO/UMAX
s B .
TOP VIEW TOP VIEW TOP VIEW =5 =
. . 6 150 4
outa [1] 4] ouo our [1] (6 ] voo
- [ 2] [13] mo- MAXIM ‘

MAX447 _ : )
a3 amasann [i2 no- vs [2] Waxases [2] Son . MAXIMN
oo [4]  MAxa478  |11] vss MAX4475

MAX4488
g+ [ 5] [10] Inc+ s 3] (4] v
Ng- [6] [9] Inc- SR
o [7 ] ot sozs6 ONOED
5 3 =
SO/TSSOP ° -
TDFN
“EP = EXPOSED PADDLE.
g S .
TOP VlEW TOPV'EW ‘>‘ ‘Z‘ ‘Z‘
: 161 151 4
our [1] 6] von
Mmaxim
Vss [ 2] WA 157 e, L maxam
MAX4476
N+ [ 3] 4]
SR
sotese IRD R
2 £ =
TDFN
“EP = EXPOSED PADDLE.
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SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

__Ordering Information (continued) Chip Information

+Denotes a lead(Pb)-free/RoHS-compliant package.
*EP = Exposed pad (connect to Vss).
/V denotes an automotive qualified part.

MAXIM

MAX4475/MAX4476 TRANSISTOR COUNT: 1095

PIN- TOP
PART TEMPRANGE  packaGE  MARK MAX4477 TRANSISTOR COUNT: 2132
MAX4476AUT+T -40°Cto +125°C 6 SOT23 AAZX MAX4478 TRANSISTOR COUNT: 4244
MAX4476ATT+T -40°C to +125°C 6 TDFN-EP~* +ADF MAX4488 TRANSISTOR COUNT: 1095
MAX4477AUA+  -40°C 10 +125°C 8 UMAX - MAX4489 TRANSISTOR COUNT: 2132
MAX4477AUA+ -40°C to +125°C 8 uMAX — PROCESS: BiICMOS
MAX4477ASA+ -40°C to +125°C 8 SO —
MAX4478AUD+ -40°C to +125°C 14 TSSOP —
MAX4478AUD/N+ -40°C to +125°C 14 TSSOP —
MAX4478ASD+ -40°C to +125°C 14 SO —
MAX4488AUT+T -40°Cto +125°C 6 SOT23 AAZWN
MAX4488AUA+ -40°C to +125°C 8 uMAX —
MAX4488ASA+ -40°C to +125°C 8 SO —
MAX4488ATT+T -40°C to +125°C 6 TDFN-EP* +ADE
MAX4489AUA+ -40°C to +125°C 8 uMAX —
MAX4489ASA+ -40°C to +125°C 8 SO —

13
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MAX4475-MAX4478/MAX4488/MAX4489

SOT23, Low-Noise, Low-Distortion,

Wide-Band, Rail-to-Rail Op Amps

For the latest package outline information and land patterns, go to

Package Information

www.maxim-ic.com/packages. Note that a “+”, “#”, or “-” in the

package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the
package regardless of RoHS status.

PACKAGE TYPE PACKAGE CODE DOCUMENT NO.
6 SOT23 UGF-6 21-0058
8 uMAX us-1 21-0036
14 TSSOP ui14-2 21-0066
8 SO S8-4 21-0041
14 8O S14-4 21-0041
6 TDFN-EP T633-2 21-0137

T

SEE NOTE 5

TOF MARK M

EXAMPLE  — |

(SEE NOTE &2 | PIN

—DRAWIMNG MOT TO SCALE—

g

MAXIWV

FACKAGE OUTLINE, 50T &L EODY

APPROVAL DOCUMEMT COMTROL B0 FEY.

21-0038 k. %

14
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http://www.maxim-ic.com/packages
http://pdfserv.maxim-ic.com/package_dwgs/21-0058.PDF
http://pdfserv.maxim-ic.com/package_dwgs/21-0036.PDF
http://pdfserv.maxim-ic.com/package_dwgs/21-0066.PDF
http://pdfserv.maxim-ic.com/package_dwgs/21-0041.PDF
http://pdfserv.maxim-ic.com/package_dwgs/21-0041.PDF
http://pdfserv.maxim-ic.com/package_dwgs/21-0137.PDF

SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Package Information (continued)

For the latest package outline information and land patterns, go to www.maxim-ic.com/packages. Note that a “+”, “#”, or in the
package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the

package regardless of RoHS status.

“won

HOTES: THEOL | MIM | WOMINAL | Ma&X
#i 30 LES 145
1, ALL DIMEMSIOMS 4RE IN MILLIMETERS, ol 0,00 005 1i5
42 n.an 100 120
/5 FOOT LENGTH MEASURED AT INTERCEPT POINT BETWEEN DATUM A & "
LEAD SURFACE, L3 | 040 0.3l
C oog 015 .20
2. PACKAGE OUTLIME EXCLUSIWE OF MOLD FLASH & METAL EURR. MOLD 1] 2,80 2.90 =00
FLA&SH, PROTRUSION OF HMETAL BURR SHOULD NOT EXCEED 0.25Mm. E ER0 £.60 .00
F1 150 1625 175
4, PACKAGE OUTLIME IMCLUSIVE OF SOLDER FLATING L 0.25 045 1.&0
5 PIM 1 I3 LOWER LEFT PIN wHEM READING TOF HARK FREOM LEFT TO Li ID'SDD :gg'
RIGHT. ¢SEE EXAMPLE TOP MARK) £ : :
o 0,95 ESC.
6 FIN 1 LD, DOT IS 0.3mm @ HIN, LOCATED ABOYE FIN L o v | =5 [ roe
7. MEETS JEDEC WOI7S, VARIATION AB, N e e-s, Lsch-2,
E. SOLDER THICKMESS MEASURED AT FLAT SECTION OF LEAD EETWEEN UESN7L, USF-G, USFH-4

0.08mm AMD 0.15mm FROM LEADTIF.
9, LEAD TO BE COPLAMAR WITHIM Olmm,
10, MUMBER OF LEAIF: FHOWH ARE FOR REFEREMCE OMLY.
11, MARKIMG IZ FOR FACKAGE ORIENTATION REFEREMCE OMLY.

12, ALL DIMEWSIOME APPLY TO BOTH LEADED - AND PhFREE <+ PEG

CODES,
MTLE
FPaCkAGE OUTLIME, 30T &L EODY
APAR AL DODCUMERT COMTROL MO PEY. 2
—DRAWING WOT TO SCALE— 21-0052 K é
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MAX4475-MAX4478/MAX4488/MAX4489

SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Package Information (continued)

For the latest package outline information and land patterns, go to www.maxim-ic.com/packages. Note that a “+”, “#”, or “-” in the
package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the

package regardless of RoHS status.

X S| |
8 B 8 INCHES MILLIMETERS
MARKING DIM | MIN MAX MIN MAX
A - 0.043| - 1.10
N | A1 | 0.002| 0.006| 0.05 | 0.15
A2 | 0.030] 0.037] 0.75 | 0.95
AAAA b |0.010]| 0.014| 0.25 | 0.36
#0.5040.1 E H c |0.005| 0.007| 0.13 | 0.18
| E{ D |o114]0122] 2.90 | 3.10
0.6201 e 0.0256 BSC 0.65 BSC
— E |0114 ] 0122] 2.90 | 3.10
} H |0.188] 0.198| 4.78 | 5.03
L [0.016] 0.026| 0.41 | 0.66
0.6£0.1 1 1 o o 6 0" 6’
PET T s | 0.0207 BSC 0.5250 BSC
D BOTTOM VIEW PG CODES:
TOP VIEW U8—1; U8—3; UBCN—T
A2 A1 T T
AR . L
il ,
— C o
° —»‘ Lb —‘L
FRONT VIEW SIDE_VIEW
NOTES:
1. D&E DO NOT INCLUDE MOLD FLASH.
2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15MM (.006”).
3. CONTROLLING DIMENSION:  MILLIMETERS. »,
4. COMPLIES TO JEDEC MO—187, LATEST REVISION, VARIATION AA. /VI/J‘I/VI
5. MARKING SHOWN IS FOR PKG. ORIENTATION ONLY. E
6. ALL DIMENSIONS APPLY TO BOTH LEADED (=) AND PbFREE (+) PKG. CODES.
=) ) PACKAGE OUTLINE, 8L uMAX/uSOP
APPROVAL DOCUMENT CONTROL NO. REV. 1
—DRAWING NOT TO SCALE— 21—0036 L A
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SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Package Information (continued)
For the latest package outline information and land patterns, go to www.maxim-ic.com/packages. Note that a “+”, “#”, or “-” in the
package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the
package regardless of RoHS status.

w
o
N o
s COMMON DIMENSIONS £
weae~ I [ [N IInnnang [ SaMON DMENSTONS £
% [TMIN. | MAX. | MIN. | MAX. ~
AAAA A — 110 043 S
H A 0.05 015 | 002 | .006 3
Ae | 085 | 095 | 033 | 037
{,:L} ! ) 015 | 030 | 007 | 012
“ L ou 015 | 025 | 007 | .0i0
c 009 | 020 | 004 | .008
IR Sy NN s |- 0 S5 ou oo e

SEE VARIATIONS [SEE VARIATIONS

T0P VIEW BOTTOM VIEW BENT LEAD DETAIL
430 [ 450 | 169 [ 177
625 | 655 | 246 [ .258
& SEE DETALL A 050 | o070 | 020 | .028

C1
D
E
e 0.65 BSC .026 BSC
H
L
N
«©

?' ?2 iy SEE VARIATIONS |SEE VARIATIONS

(=1 (Vmim ) s v [ & | 0° | &
\_oo.m c]l A Al i okl 010 MAX
Pn——l M \_SEATING E

PLANE

€
|
T

SIDE VIEW END VIEW VARIATIONS
JEDEC PKG.  [MILLIMETERS| INCHES

b— MO-1S3 | N CODES I "MIN. [ MAX. | MIN. | MAX.

025  pARTING bl AB-1 [14 [ D[ut4-1 [ 490 | 510 [193 | 201
BSC‘L LINE ——% WITH PLATING Ul4-2

_____ - B\ : AB |16 | D |Ule-L | 490 | 510 | 193 | 201
A — | Uie-2

P cl ¢ AC 20| D |U20-2; | 6.40 | 6:60 |.252 | .260
00 BASE METAL —1' = | ygom=2

DETAIL A LEAD TIP DETAIL AD  |24| D |U24-1 | 7.70 | 7.90 |.303 | 311

NOTES AE 28| D [U28-1; | 960 | 9.80 |.378 | .386
1. DIMENSIONS D AND E DO NOT INCLUDE FLASH U28-2)
2, MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.iSmm PER SIDE uzs-3

3, CONTROLLING DIMENSION: MILLIMETER

4, MEETS JEDEC OUTLINE MO-153, SEE JEDEC VARIATIONS TABLE
5. “N* REFERS TO NUMBER OF LEADS »,

A\ LEAD COPLANARITY 0.10 MM MAX. /VI /J ‘ I /VI
7. NUMBER OF LEADS SHOWN ARE FOR REFERENCE ONLY -

8. MARKING IS FOR PACKAGE ORIENTATION REFERENCE ONLY :
A\ BENT LEAD 010 MM MAX. PACKAGE OUTLINE,

10. ALL DIMENSIONS APPLY TO BOTH LEADED ¢-> AND PBFREE (+> PKG. CODES. TSSOP 4.40mm BODY
DRAWING NOT TO SCALE [APPROVAL [DOCUMENT CONTROL NO. REV. 1
- - 21-0066 | J | A
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SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Package Information (continued)
For the latest package outline information and land patterns, go to www.maxim-ic.com/packages. Note that a “+”, “#”, or “-” in the
package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the
package regardless of RoHS status.

INCHES MILLIMETERS
DIM| MIN MAX MIN MAX
A 0.053 | 0.069 1.35 1.75
A1 0.004 | 0.010 0.10 0.25

N
EI EI EI EI EI EI I B | 0014 | 0019 | 035 | 0.49
_\, 0.007 | 0.010 | 019 | 025

SOICN .EPS

C

e 0.050 BSC 1.27 BSC
E 0.150 | 0.157 3.80 4.00
H

L

0.228 | 0.244 5.80 6.20

0.016 | 0.050 | 040 | 1.27
O l
\
EI EI EI EI EI EI I VARIATIONS:
;
INCHES MILLIMETERS
TOP VIEW DIM| MIN | MAX | MIN | MAX |N [MS012

D 0.189 | 0.197 4.80 5.00 8| AA
D 0.337 | 0.344 8.55 8.75 (14| AB
D 0.386 | 0.394 9.80 10.00 (16| AC

D

¢

L

— e |— _’H'_B

|

3
i 2

FRONT VIEW SIDE VIEW

NOTES:

1. D&E DO NOT INCLUDE MOLD FLASH. »,

2. MOLD FLASH OR PROTRUSIONS NOT TO EXCEED 0.15mm (.006"). @s?nﬁolillﬁé0§IVI/J‘I/VI

3. LEADS TO BE COPLANAR WITHIN 0.10mm (.004”). PROPRIETARY INFORMATION

4, CONTROLLING DIMENSION: MILLIMETERS. TITLE:

5. MEETS JEDEC MSO012. PACKAGE OUTLINE, .150" SOIC

6. N = NUMBER OF PINS. APPROVAL DOCUMENT CONTROL NO. REV. 1
21-0041 B |

MAX4475-MAX4478/MAX4488/MAX4489
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SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Package Information (continued)
For the latest package outline information and land patterns, go to www.maxim-ic.com/packages. Note that a “+”, “#”, or “-” in the
package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the
package regardless of RoHS status.
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MAX4475-MAX4478/MAX4488/MAX4489

SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Package Information (continued)

For the latest package outline information and land patterns, go to www.maxim-ic.com/packages. Note that a “+”, “#”, or in the
package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the

package regardless of RoHS status.

“won

COMION DIMIEMZIOME FACKAGE YARIATIOMS
SYTIBCL | MM, [ M2 FRG.CODE | M Dz EZ E) JEDEC SPEC b [MEH]xe
A oF0 | 080 TE2ZE2 G | 150010 [ 230010 | 085 BSC | MCOEEQ/WEEA | 040005 | 1.90 REF
[n] 200 | 210 TE2Z2 2 [ 150£010 | 220010 | QG5 BESC | MOEROSWEEC | 0202005 | 195 REF
E 290 [ 310 T332 8 | 150010 [ 230010 | OES BSC | MOEEQ/WEES | 0.30x0.05 | 1.95 REF
Al Qoo | 0.05 T10221 10 [ 1502010 | 220010 | 080 BSC | MO220 VWEED-2 | 0.25:0.05 | 200 REF
L Q20 | 040 TI0ZMKT | 10 | 1508010 | 230010 | 0680 BSC | MOE20 SWEED-S | 0.25:0.05 | 200 REF
Ik Q.25 MM, TI033-2 10 [ 1502070 | 220010 | 080 BSC | MOZEO VWEED-2 | 0.25£0.03 | 200 REF
AZ 020 REF. T14331 14 [ 170+010 | 2301010 | 040 BSC R 0.20+0.05 [ 240 REF
T1423-2 14 [ 1702070 | 2202090 | 040 BSC R 0.20£0.05 [ 240 REF
T1433-3F 14 [ 170+010 | 2301010 | 040 BSC R 0.20+0.05 [ 240 REF
MNOTES:

1. ALL CIMENSIZNS ARE IM . AMGLES IN DEGREES.

2. COPLAHARITY SHALL MNOT EXCEED 0.08 mm.

3. WARPAGE SHALL MOT EXCEED .18 mm,

4, PACKAGE LEMGTH/PACKAGE WIDTH ARE COMSIDERED AS SPECIAL CHARACTERIZTICS).

5. DRAWING CONFORMS TO JEDES MOZ29, EXCEPT DIMEWSIONS "DZ™ AND "E2", AND T1433—1 & T1433-2.
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7. MUMBER OF LEADS SHOWM ARE FOR REFEREMCE OMLY.

A MARKING 1S FOR PACKAGE ORIEMTATION REFEREMGCE OMLY.
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TITLE
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SOT23, Low-Noise, Low-Distortion,
Wide-Band, Rail-to-Rail Op Amps

Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED

Added lead-free designations and an automotive part to the Ordering Information

4 12/09 and added input current spec in Absolute Maximum Ratings section

1,2,13
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