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EVALUATION KIT AVAILABLE

MAX44264

General Description

The MAX44264 is an ultra-small (6-bump WLP) op amp
that draws only 750nA of supply current. It operates from
a single +1.8V to +5.5V supply and features ground-sens-
ing inputs and rail-to-rail output. The ultralow supply cur-
rent, low-operating voltage, and rail-to-rail output capa-
bilities make these operational amplifiers ideal for use in
single lithium ion (Li+), or two-cell NiCd or alkaline battery
systems. The rail-to-rail output stage of the MAX44264 is
capable of driving the output voltage to within 4mV of the
rail with a 100kQ load, and can sink and source 11mA with
a +5V supply. The IC is unity-gain stable and available in
a space-saving 0.9mm x 1.3mm, 6-bump WLP package.

Applications

Cell Phones
Tablet/Notebook Computers
Mobile Accessories
Battery-Powered Devices

19-5708; Rev 1; 3/17

nanoPower Op Amp in
a Tiny 6-Bump WLP

Benefits and Features
e Ultra-Low 750nA Supply Current per Amplifier
e Ultra-Low +1.8V Supply Voltage Operation
e Ground-Sensing Input Common-Mode Range
e Outputs Swing Rail-to-Rail
e Outputs Source and Sink 11mA of Load Current
o No Phase Reversal for Overdriven Inputs
e High 120dB Open-Loop Voltage Gain
e Low 500uV Input Offset Voltage
9kHz Gain-Bandwidth Product
e 250pF (min) Capacitive Load Capability

e Available in a Tiny, 0.9mm x 1.3mm, 6-Bump WLP
Package

Ordering Information

PIN- TOP
PART TEMP RANGE PACKAGE MARK
MAX44264EWT+  -40°C to +85°C 6 WLP +CB

+Denotes a lead(Pb)-free/RoHS-compliant package.
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MAX44264

Absolute Maximum Ratings

VDD 10 VGG i -0.3V to +6V
IN_+or IN_-..cooiiiice (Vss - 0.3V) to (Vpp + 0.3V)
OUT_ Shorted to Vgg OF VDD cviiveeiiiieiiiciircicee Continuous

Continuous Power Dissipation (Tp = +70°C)
6-Bump WLP (derate 10.5mW/°C above +70°C)........ 840mwW

nanoPower Op Amp in
a Tiny 6-Bump WLP

Operating Temperature Range..........c.cccceceenee.
Junction Temperature..........cocoviiiiiiin e,
Storage Temperature Range...........cccccvveeens

Lead Temperature (soldering, 10s)
Soldering Temperature (reflow)..........ccoovveveenieieeneenen.

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.

Electrical Characteristics

(Vpp = *+5V, Vgs = 0V, Vom = 0V, VouT = Vpp/2, R = = to Vpp/2, Ta = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Range Vpp Guaranteed by PSRR tests 1.8 5.5 \Y,
Supply Current (per Vpp = +1.8V 0.6
Amplifi Ibb Z uA

mplifier) Vpp = +5.0V 0.75 1.2

Input Offset Voltage Vos +0.5 7.0 mvV
Input Bias Current Ig +200  +1500 pA
Input Offset Current los +12.5 pA
Input Common-Mode VpD-
Voltage Range VeMm Guaranteed by the CMRR test Vss 11 \
ggﬁ";mm'MOde Rejection CMRR | Specified with Vg < Vem< (Vpp- 1.1V) 70 95 dB
Power-Supply Rejection PSRR | +1.8V <Vpp< +5.5V 70 9 B
Ratio

RL=1MQ, VoyT=50mV to Vpp - 50mV 90 120
Large-Signal Voltage Gain AvoL R = 100kQ, VoyT = 200mV to Vpp - 200mV 90 112 dB

RL = 10kQ, VoyT = 200mV to Vpp - 200mV 100

Swing high | RL=1MQ 1

VoH specified as | R = 100kQ 4 10
, Vob-VoH | R, =10kQ 40

Output Voltage Swing ~ mV

Swing low RL=1MQ 05

VoL specified as | R = 100kQ 1

VoL-Vss | R =10kQ 10
Gain-Bandwidth Product GBW 9 kHz
Phase Margin (o] 90 degrees

www.maximintegrated.com
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MAX44264 nanoPower Op Amp in

a Tiny 6-Bump WLP

Electrical Characteristics (continued)

(Vpp = +5V, Vgs = 0V, Vom = 0V, VouT = Vpp/2, R = « to Vpp/2, Ta = +25°C, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Slew Rate SR Vout = 4V step 2 V/ms
f=1kHz 150
Input Voltage Noise en nVNHz
f = 10kHz 120
Output Short-Circuit Shorted to Vgg (sourcing) 11 A
Current Shorted to Vpp (sinking) 36
Power-On Time toN Ms
Power-Off Time torF V&
Capacitive Load CLoAD No sustained oscillations 250 pF
Electrical Characteristics
(Vpp = +5V, Vggs = 0V, Vom = 0V, VouTt = Vpp/2, R = = to Vpp/2, Ta = Tmin to Tmax. unless otherwise noted.) (Note 1)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage Range Vbbb Guaranteed by PSRR tests 1.8 5.5 \%
Supply Current (per _
Amplifier) IpD Vpp = +5.0V 1.5 A
Input Offset Voltage Vos 15 mV
Input Offset Voltage o
Temperature Coefficient TCVos 8 Wvre
Input Bias Current Is 4.25 nA
Input Common-Mode Vbb
Voltage Range Vem Guaranteed by the CMRR test Vss A1 Vv
ggm}mon"\"c’de Rejection CMRR | Vss<Vem < (Vpp - 1.1V) 56 B
Power-Supply Rejection PSRR +1.8V = Vpp = +5.5V,0°C = Tp = +85°C 65 dB
Ratio +2V < Vpp < +5.5V, -40°C < Tp < +85°C 65
\Y, =50mV to Vpp - 50mV, R = 1MQ 75
Large-Signal Voltage Gain AvoL ouT DD L dB
VouT = 200mV to Vpp - 200mV, R = 100kQ 75
Swing high specified | RL= 1MQ
VoH Vhn - V _
) as Vpp - VOH R = 100kQ 15
Output Voltage Swing mV
Swing low specified | RL=1MQ
VoL Ve -V _
as vVoL- Vss R = 100kQ

Note 1: All devices are production tested at Tp = +25°C. All temperature limits are guaranteed by design.

www.maximintegrated.com
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MAX44264

Typical Operating Characteristics
(Vpp = +5V, Vgg = 0V, Vom = 0V, R = 100kQ to Vpp/2, Ta = +25°C, unless otherwise noted.)
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nanoPower Op Amp in
a Tiny 6-Bump WLP
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MAX44264 nanoPower Op Amp in
a Tiny 6-Bump WLP

Typical Operating Characteristics (continued)
(Vpp = +5V, Vgg = 0V, Vom = 0V, R = 100kQ to Vpp/2, Ta = +25°C, unless otherwise noted.)

COMMON-MODE REJECTION RATIO vs. MINIMUM SUPPLY VOLTAGE
TEMPERATURE vs. TEMPERATURE AvoL vs. OUTPUT VOLTAGE SWING
-20 s 14 - 140 o
-30 g = 12 — ¢ 130 R = MO {2
-40 E: o /// E: " I~ E:
50 % 10 — 0 R =
60 S s g 10 ~
> U = -
70 g <100 RL=10k2 N\
L~ S 06 z
80 D
= 90
-0 = 04
7 s 80
-100 = .,
110 ' 70
120 0 60
50 25 0 25 50 75 100 50 25 0 25 50 75 100 25 30 35 40 45 50
TEMPERATURE (°C) TEMPERATURE (°C) OUTPUT VOLTAGE (Vp-p)
TOTAL HARMONIC DISTORTION
GAIN AND PHASE vs. FREQUENCY GAIN AND PHASE vs. FREQUENCY PLUS NOISE vs. FREQUENCY
MAX44264 toc13 MAX44264 toc14
80 T 180 80 180 10.00 0
70 CL=12pF 70 H
o A Rﬁ;og'\w//% 1% & N 135 3
50 \\ GAIN Ve 50 ™ GAIN =
40 90 40 N 90
N — ™ — 100
30 . 5 _ 30 4 5 =
N, D m () =
20 N 45 S B 2 NG 5 =
10 ™ B Z 10 N B+
N 2 = h 2 o v
0 N 0 T O o0 \ NG 0 = =T
N o N o /
-10 10 N 0.10 =
: 45 2 \ 45 —
gg NI PHASE _33 N[ PHASE Z
- \ % RL= 1MQ 90
- il o JaveL = 100ov
- -0 Te, = 250pF
60 135 g0 LEZ2P 435 0.01
1 10 100 1k 10k 100k 1 10 100 1k 10k 100k 10 100 1k 10k
FREQUENCY (Hz) FREQUENCY (Hz)
VOLTAGE NOISE DENSITY vs. STABILITY vs. CAPACITIVE
FREQUENCY AND RESISTIVE LOADS lout vs. Vout
10k o 100k - 40 2
\ . e ——1:
H AN H SINK 3
2 AN z 32 -~ 2
& 28
= o 1k C "
N N\ =
9 \ UNSTABLE g /
s = \( " REGION s 20 4
N
N § N < 16 /
100 & 1k 12 /
o ) '7'_‘“\ ISOURCE
4 / \\
10 100 0
10 100 1k 10k 100k 10k 100k M 0 1 2 3 4 5
FREQUENCY (Hz) RESISTIVE LOAD (Q) Vour (V)

www.maximintegrated.com Maxim Integrated | 5



MAX44264

Typical Operating Characteristics (continued)
(Vpp = +5V, Vgg = 0V, Vom = 0V, R = 100kQ to Vpp/2, Ta = +25°C, unless otherwise noted.)
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nanoPower Op Amp in

a Tiny

6-Bump WLP
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MAX44264

Typical Operating Characteristics (continued)

nanoPower Op Amp in
a Tiny 6-Bump WLP

(Vpp = +5V, Vgg = 0V, Vom = 0V, R = 100kQ to Vpp/2, Ta = +25°C, unless otherwise noted.)
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MAX44264

Pin Configuration

nanoPower Op Amp in
a Tiny 6-Bump WLP

TOP VIEW
MAX44264
+
IN+ A2 ' Vss
IN- :’:EE 3 Voo
out cz N.C.
WLP BUMP
SIDE DOWN
Pin Description
PIN NAME FUNCTION
A1 IN+ Noninverting Amplifier Input
A2 Vss Negative Power-Supply Voltage
B1 IN- Inverting Amplifier Input
B2 Vpp Positive Power-Supply Voltage
C1 ouT Amplifier Output
Cc2 N.C. No Connection. Not internally connected.

Applications Information

Ground Sensing

The common-mode input range of the MAX44264 extends
down to ground, and offers excellent common-mode
rejection. These devices are guaranteed not to undergo
phase reversal when the input is overdriven.

Power Supplies and Layout

The IC operates from a single +1.8V to +5.5V power sup-
ply. Bypass power supplies with a 0.1uF ceramic capaci-
tor placed close to the Vpp pin.

Ground layout improves performance by decreasing the
amount of stray capacitance and noise at the op amp’s
inputs and outputs. To decrease stray capacitance, mini-
mize PCB lengths and resistor leads, and place external
components close to the op amps’ pins.

Bandwidth

The IC is internally compensated for unity-gain stability
and has a typical gain-bandwidth of 9kHz.

Stability

The IC maintains stability in their minimum gain configura-

tion while driving capacitive loads. Although this product
family is primarily designed for low-frequency applications,

www.maximintegrated.com

good layout is extremely important because low-power
requirements demand high-impedance circuits. The layout
should also minimize stray capacitance at the amplifier
inputs. However some stray capacitance may be unavoid-
able, and it may be necessary to add a 2pF to 10pF capac-
itor across the feedback resistor as shown in Figure 1.
Select the smallest capacitor value that ensures stability.

Vee

MAX44264

R2 2pF TO 10pF

Figure 1. Compensation for Feedback Node Capacitance

Chip Information
PROCESS: BiCMOS

Maxim Integrated | 8



MAX44264

Package Information

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.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.

nanoPower Op Amp in
a Tiny 6-Bump WLP

- DRAWING NOT TO SCALE -

A A2 rA]
AW,
} ontvew | (2]005[s]
El/e

PACKAGE TYPE PACKAGE CODE OUTLINE NO. LAND PATTERN NO.
6 WLP W61B1+1 21-0217 —
Pin 1
Indicator - F —= Marking /see Note 7 COMMON DIMENSIONS
! A | 0.4 +005
Al D Al 019 +0.03
A2 | 0.45 REF
AAAA b :) A3 | 0.025 BASIC
) :> b | ©0.27 +0.03
D | 1.235+0.015
TOP VIEW SIDE VIEW e | 0.835+0015

NOTES:

All dimensions in millimeter.

NENOENFINES

. Terminal pitch is defined by terminal center to center value.
Outer dimension is defined by center lines between scribe lines.

Marking shown is for package orientation reference only.
Tolerance is £ 0.02 unless specified otherwise.

All dimensions apply to PbFree (+) package codes only.

. Front - side finish can be either Black or Clear.

D1 0.80 BASIC
El 0.40 BASIC
e 0.40 BASIC
D 0.00 BASIC

SE 0.20 BASIC

DEPOPULATED BUMPS:
NONE

maxim
integrated .

TITLE

PACKAGE OUTLINE 6 BUMPS
WLP PKG. 0.4 mm PITCH, W61FO+1

APPROVAL

DOCUMENT CONTROL NO.

[F %

21-0217

www.maximintegrated.com
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MAX44264 nanoPower Op Amp in
a Tiny 6-Bump WLP

Revision History

REVISION REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 12/10 Initial release —

1 3/17 Updated title to include “nanoPower” 1-10

For pricing, delivery, and ordering information, please contact Maxim Direct at 1-888-629-4642, or visit Maxim Integrated’s website at www.maximintegrated.com.

Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent licenses
are implied. Maxim Integrated reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max limits)
shown in the Electrical Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.

Maxim Integrated and the Maxim Integrated logo are trademarks of Maxim Integrated Products, Inc. © 2017 Maxim Integrated Products, Inc. | 10



Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

© View MAX44264EWT+T] on WIN SOURCE
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Global Sourcing Solution
Obsolete Management
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Shortage Management
Alternative Solution
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