MAX40002-MAX40005

nanoPower 4-Bump Comparator in Ultra-Tiny

0.73mm x 0.73mm WLP/SOT23 Packages

General Description

The MAX40002-MAX40005 tiny, single comparators are
ideal for a wide variety of portable electronics applications
such as cell phones, media players, and notebooks that
have extremely tight board space and power constraints.
These comparators are offered in both, a miniature
4-bump wafer-level package (WLP) with a 0.73mm x
0.73mm footprint (as small as two 0402 resistors) and a
5-pin SOT23 package.

This device family operates with a supply voltage range
from 1.7V to 5.5V (either V¢ or external VRgf), and
consumes only 500nA of supply current. These devices
have a wide input-voltage range of 0.1V to 5.5V, independent
of the supply voltage, and maintain high impedance at
the inputs even when powered down (Vgc or external
VREF = 0V). They also feature internal filtering to provide
high RF immunity.

The MAX40002—-MAX40003 have open-drain outputs,
while the MAX40004—MAX40005 feature push-pull outputs.
The MAX40002/MAX40004 have noninverting inputs,
while the MAX40003/MAX40005 have inverting inputs
(see the Selector Guide for more information).

These devices also come with an internal reference. The
reference voltage is preset at the factory and parts are
offered with the following voltage options: 0.2V, 0.5V, or
1.222V (see Ordering Information table).

These devices are fully specified over -40°C to +125°C
automotive temperature range.

Applications

e Mobile Devices

Portable Medical Devices
Portable Instrumentation
Notebook Computers
Electronic Toys

19-8574; Rev 0; 3/17

Benefits and Features

e Tiny 0.73mm x 0.73mm, 4-Bump WLP and 5-Pin
SOT23 Packages Save Board Space

e Ultra-Low 500nA Operating Current Preserves
Battery Power in Applications Where Comparator is
Constantly Monitoring

e 1.7V to 5.5V Supply Range Allows Operation from
1.8V, 2.5V, 3V and 5V Systems

e Input Voltage Range: 0.1V to 5.5V
e External REF Range: 1.7V to 5.5V

o Wide Variety of Factory-Trimmed Reference Voltages
Saves Space and Cost of External Reference:
+ 0.2V, 0.5V, 1.222V
* 9us Propagation Delay

e -40°C to +125°C Specified Temperature Range

Ordering Information appears at end of data sheet.
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MAX40002—-MAX40005 nanoPower 4-Bump Comparator in Ultra-Tiny
0.73mm x 0.73mm WLP/SOT23 Packages

Absolute Maximum Ratings

VCC/REF 10 GND ..o -0.3V to +6V Operating Temperature Range......................... -40°C to +125°C
IN to GND ...-0.3V to +6V Junction Temperature

OUT (Open-Drain) to GND ........ccccevvviiereeiiieeeenes -0.3V to +6V Storage Temperature Range...........cccccccvveens -65°C to +150°C
OUT (Pushpull) to GND ......cooveviiieeee. -0.3Vto Ve + 0.3V Lead Temperature (soldering, 10S) ......ccccceeviieeerriiennnne +300°C
Continuous Current Into Any Input/Output............cccceeee +20mA Soldering Temperature (reflow)..........ccovveveiniiiiicnicnene 260°C

Continuous Power Dissipation (Tp = +70°C)
4-Bump WLP (Derate 9.58mW/°C above +70°C)....766.4mW
5-Pin SOT (Derate 3.9mW/°C above +70°C............. 312.6mW

Package Thermal Characteristics (Note 1)

WLP SOT23
Junction-to-Ambient Thermal Resistance (8,p) ...104.41°C/W Junction-to-Ambient Thermal Resistance (84) .....255.9°C/W
Junction-to-Ambient Thermal Resistance (8,¢) .......... 81°C/W

Note 1: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer
board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.

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

Vco/REF = 3.3V, RpyLLyp = 100kQ to VpyLyp = 3.3V, R = «, C|_ = 20pF, Ta = TmIN to Tpax. Typical values are at Tp = +25°C,
unless otherwise noted. (Note 2)

PARAMETER | SYMBOL CONDITIONS MIN TYP MAX | UNITS

POWER SUPPLY VOLTAGE

Vcc/REF Supply Voltage

Range Vcco/VREF 1.7 5.5 V
VIN > 0, Vour = low,
no output or reference load current, 0.5 1.1
Ta=-40°C to +85°C

Vcc/REF Supply Current | A

ccC pply cc Vin > 0, Vou = low, H

no output or reference load current, 1.3
Tp=-40°C to +125°C

Power-Up Time 0.5 ms

COMPARATOR
Ta= +25°C 0.1 Vee

Input Voltage Range VIN +0.1 \Y;
Ta=-40°C to +125°C 0.1 Vce
Over V| range,

Input Offset Voltage Ta= -40°C to +85°C 0.5 10

(For External VRgg only) Vos mV

(Note 3) Over V| range, 1
Ta=-40°C to +125°C

www.maximintegrated.com Maxim Integrated | 2


http://www.maximintegrated.com/thermal-tutorial

MAX40002—-MAX40005 nanoPower 4-Bump Comparator in Ultra-Tiny
0.73mm x 0.73mm WLP/SOT23 Packages

Electrical Characteristics (continued)

Vco/REF = 3.3V, RpyLLyp = 100kQ to VpyLyp = 3.3V, R = «, C|_ = 20pF, Ta = TmIN to Tpax. Typical values are at Tp = +25°C,
unless otherwise noted. (Note 2)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Offset Drift 100 uv/°C
Input Hysteresis VHys (Note 4) 8 mV
Over V|\ range, Ta =-40°C to +85°C 20 30
Input Bias Current nA
Over V|\ range, Ta = -40°C to +125°C 90
Input Leakage Current No supply voltage, Tp = -40°C to +85°C 20 30
(Vcc/REF = 0) (MAX40002 and nA
MAX40003) No supply voltage, Tp=-40°C to +125°C 80
Input Capacitance Either input, over Vg range 0.4 pF
DC, internal VRegg 40
Power Supply Rejection Ratio PSRR dB
DC, external VRgp 70
Output Voltage Swing Low VoL Sinking 2mA, measured relative with GND 0.4 \%
. . Sourcing 1mA, measured with relative
Output Voltage Swing High VoH with Ve 0.4 Vv
Open-drain only, Voc/REF = 1.8V, Vg =
Output Leak C t lo- 100 A
utput Leakage Curren O-LKG 5.5V, Ta= -40°C to +125°C n
100mV overdrive, 25
pushpull OUT = low to high
100mV overdrive, open-drain, 25
Rpy = 100kQ, OUT = low to high
100mV overdrive, both push-pull and 9
Propagation Delay open-drain, OUT= high to low
(Note 5) tPD - HS
20mV overdrive, 50
pushpull OUT = low to high
20mV overdrive, open-drain, 55
Rpy = 100kQ, OUT = low to high
20mV overdrive, both pushpull and 45
open-drain, OUT = high to low
Rise Time R Push-pull output 800 ns
Fall Time te 200 ns
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MAX40002—-MAX40005 nanoPower 4-Bump Comparator in Ultra-Tiny

0.73mm x 0.73mm WLP/SOT23 Packages

Electrical Characteristics (continued)

Vco/REF = 3.3V, RpyLLyp = 100kQ to VpyLyp = 3.3V, R = «, C|_ = 20pF, Ta = TmIN to Tpax. Typical values are at Tp = +25°C,
unless otherwise noted. (Note 2)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS

INTERNAL REFERENCE VOLTAGE

Ta = +25°C MAX4000_ _ _ _02+ 188 200 212 mV
Switching Threshold Voltage A = -40°Cto MAX4000 02+ 177 223 mV

VREF-INT | +85°C i

(Note 6)

Ta=-40°C to

+125°C MAX4000_ _ _ _02+ 174 226 mV

Note 2: All devices are 100% production tested at T = +25°C. Temperature limits are guaranteed by design.

Note 3:
Note 4:
Note 5:

Note 6:

www.maximintegrated.com

Vg is the average of the positive and negative trip points minus VRgEg.

Hysteresis is the input voltage difference between the two switching points.

Overdrive (Vop) is the voltage above or below the switching points. The input starts at 100mV below the trip point and use
50% input to 50% output for timing. V|N = VREF INTEVODVHYS.

Switching Threshold Voltages include the offset voltage of the comparator and the internal reference.
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MAX40002—-MAX40005 nanoPower 4-Bump Comparator in Ultra-Tiny
0.73mm x 0.73mm WLP/SOT23 Packages

Typical Operating Characteristics
Vco/REF = 3.3V, Vgnp = 0V, Ta =25°C, unless otherwise noted.
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MAX40002—-MAX40005 nanoPower 4-Bump Comparator in Ultra-Tiny
0.73mm x 0.73mm WLP/SOT23 Packages

Typical Operating Characteristics (continued)
Vco/REF = 3.3V, Vgnp = 0V, Ta =25°C, unless otherwise noted.
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MAX40002-MAX40005

Typical Operating Characteristics (continued)
Vco/REF = 3.3V, Vgnp = 0V, Ta =25°C, unless otherwise noted.
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nanoPower 4-Bump Comparator in Ultra-Tiny
0.73mm x 0.73mm WLP/SOT23 Packages
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MAX40002-MAX40005

nanoPower 4-Bump Comparator in Ultra-Tiny

0.73mm x 0.73mm WLP/SOT23 Packages

Pin Configurations

TOP VIEW
MAX40002—
MAX40005
+
1 2 Vel \E ouT
Al + REF
S MAX40002—
T AN oND[2 | MAX40005
B .
/ Vcc/\\‘ / *
i i GND |
NN NC.|3 4|
WLP SOT-23
Pin Description
PIN
NAME FUNCTION
WLP | SOT23
Comparator Output. OUT is an Open-Drain Output (MAX40002/MAX40003) or Push-Pull
A1 5 ouT Output (MAX40004/MAX40005). For the open-drain versions, connect a pullup resistor from OUT
to any pullup voltage up to 5.5V for proper operation.
A2 4 IN Comparator Input. The MAX40002/MAX40004 have a noninverting input. The MAX40003/

MAX40005 have an inverting input (see Input Stage Circuitry for more information).

Ve Supply Voltage/External REF Voltage Input.
Vc/REF is the supply voltage for devices with internal voltage reference (0.2V, 0.5V, 1.2V

B1 1 Vce/REF | internal references. Vo o/REF is the external reference input as well as the supply voltage for
devices without the internal reference. Bypass V¢ c/REF with a 0.1uF capacitor to GND as close
to the device pin as possible.

B2 2 GND Ground.

— 3 N.C. No Connect. Not internally connected.

Detailed Description

The MAX40002-MAX40005 are extremely small
comparators ideal for compact, low-current and low-
voltage applications.

The devices (with internal reference voltage) consume
only 500nA (typ). Low-voltage operating capability makes
the MAX40002-MAX40005 extremely attractive to long-
life, battery-operated applications. These applications can
now use a single digital power supply rail used to power
the new generation of microcontrollers. All parts are available
in either tiny 4-bump WLP or 5-pin SOT23.

www.maximintegrated.com

Input-Stage Circuitry

Non-inverting inputs are available on the MAX40002/
MAX40004 and their associated outputs assert high
when the input voltage is greater than the voltage
reference. Inverting inputs are available on the MAX40003/
MAX40005 and their associated outputs assert low when
the input voltage is greater than the voltage reference.

The MAX40002-MAX40005 incorporate an innovative
input-stage architecture that allows their input voltage to
exceed Ve by several volts (limited only by Absolute
Maximum Ratings). This is unlike traditional comparators
that have an input ESD diode clamp between the input
and V¢, limiting this maximum overvoltage to about 0.3V.

Maxim Integrated | 8



MAX40002-MAX40005

nanoPower 4-Bump Comparator in Ultra-Tiny

0.73mm x 0.73mm WLP/SOT23 Packages

The device architecture maintain a high input impedance
to input signals even when the device power-supply voltage
is completely turned off (Vg or VRep taken to OV). This
greatly benefits flexible power-saving schemes to be
easily implemented in advanced battery-operated devices.
On-chip filtering provides immunity from any RF noise being
picked up by input traces. These devices feature an internal
temperature-compensated, low-power voltage references
for improved PSRR.

Output Stage Structure

The MAX40002-MAX40003 have open-drain output
structures that allow them to interface to logic circuitry
operating from supply voltages other than the one
supplied to the part. These devices require an external
pullup resistor or current-source for proper operation.
Most microcontroller digital input ports can be readily
programmed to include these pullup sources.

The MAX40004-MAX40005 have a push-pull type output
stage that can both sink and source current, eliminating
the need for an external pullup resistor.

Hysteresis Operation

The MAX40002-MAX40005 feature 8mV (typ) internal
hysteresis for noise immunity and glitch-free operation.
If additional hysteresis is needed, an external positive
feedback network can be easily implemented on the
MAX40002/MAX40004 with noninverting input devices
(both internal and external reference). Additional external
hysteresis is not recommended for the MAX40003/
MAX40005 (with external reference) due to possible
crossover current related noise problems. Additional
external hysteresis is not possible on the MAX40003/
MAX40005 (internal reference) because the noninverting
input of the comparator is not externally accessible.

Adaptive Signal Level Detector

The MAX40002 and MAX40003 can be used as an adaptive
signal-level detector. Feed a DAC output voltage to REF
and connect the input to a variable signal level. As the
DAC output voltage is varied from 1.7V to 5.5V, a
corresponding signal level threshold detector circuit is
implemented (Figure 1).

Applications Information v_:|>_o
Bypassing VCCIREF MAX40002A__
Place a 0.1uF capacitor between Vcc/REF and GND as MAX40003A_ _
close to the device as possible. During a switching event, g“JLELFfJNPAL
all comparators draw a current-spike from their power Voo /REF
supply rails. This current-spike is minimized by the use DAC > __[7— out | 1o
of an internal Break-Before-Make design implementation. L VAV Iy
- N MICROCONTROLLER
Figure 1. Adaptive Signal-Level Detector
Table 1. How Devices Behave Under Various Input Voltage Conditions
PART VREF INPUT POLARITY INPUT VOLTAGE CONDITIONS ACTION AT OUTPUT
MAX40002, Noninverting VIN > VREF Output goes high
MAX40004 VN < VREF Output goes low
External
MAX40003, , VIN > VREF Output goes low
Inverting
MAX40005 VIN < VREF Output goes high
MAX40002, Noninverting VIN > VREF_INT Output goes high
MAX40004 VIN < VREE INT Output goes low
Internal =
MAX40003, _ VIN > VREF_INT Output goes low
Inverting
MAX40005 VIN < VREF_INT Output goes high

www.maximintegrated.com
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MAX40002-MAX40005

Typical Operating Circuits

nanoPower 4-Bump Comparator in Ultra-Tiny
0.73mm x 0.73mm WLP/SOT23 Packages

VbD Vbp
T T
MAX40002ANS MAX40003ANS
MAX40002AUK INTERNAL MAX40003AUK INTERNAL
PULL-UP PULL-UP
1y VeoREF A VeolREF
ssv [ n _ﬂ— our | o ssv [ n *_’0. out | 1o
L t L -
L N MICRO L N MICRO
= CONTROLLER = CONTROLLER
Vbb Vbb
T T
MAX40004ANS MAX40005ANS
MAX40004AUK MAX40005AUK
17v V¢o/REF 1.7V Vgo/REF
70 - out 10 + out
55V | AN\, T o SV | A, T 10
vV + Z
J_— N MICRO J_— N MICRO
= CONTROLLER = CONTROLLER
Veo/REF = 1.7V Veo/REF = 1.7V
TO 5.5V VDD TO 5.5V VoD
T T
MAX40002ANS_ _ MAX40003ANS_ _
MAX40002AUK_ _ MAX40003AUK__
. INTERNAL . INTERNAL
PULL-UP PULL-UP
REF REF
= +
out |10 our |10
VAV = _'._U_ AVAV] - v
IN MICRO IN MICRO
CONTROLLER CONTROLLER
Veo/REF = 1.7V Veo/REF = 1.7V
T0 55V T0 5.5V
Vpb Vpb
MAX40004ANS_ _ MAX40005ANS_ _
MAX40004AUK_ _ MAX40005AUK_ _
»
REF REF
- out + out
VAV = yik o AVAV] e Vi 10
N + MICRO N ~ MICRO
CONTROLLER CONTROLLER
MAX40002-MAX40003 HAVE OPEN-DRAIN OUTPUT,
MAX40004-MAX40005 HAVE PUSHPULL OUTPUT
MAX40002/MAX40004 HAVE NONINVERTING INPUT
MAX40003/MAX40005 HAVE INVERTING INPUT
THE “_ " INDICATES INTERNAL REFERENCE VOLTAGE
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MAX40002—-MAX40005 nanoPower 4-Bump Comparator in Ultra-Tiny

0.73mm x 0.73mm WLP/SOT23 Packages

Selector Guide

PART NUMBER INTET,%’?_'{.:EE?})ENCE INPUT OUTPUT TOP MARK
MAX40002ANS+T* — Noninverting OPEN-DRAIN +l
MAX40002AUK+T* — Noninverting OPEN-DRAIN +AMHU
MAX40002ANS02+T 0.2 Noninverting OPEN-DRAIN +M
MAX40002AUKO02+T* 0.2 Noninverting OPEN-DRAIN +AMHV
MAX40002ANS05+T* 0.5 Noninverting OPEN-DRAIN +N
MAX40002AUK05+T* 0.5 Noninverting OPEN-DRAIN +AMHW
MAX40002ANS12+T* 1.2 Noninverting OPEN-DRAIN +P
MAX40002AUK12+T* 1.2 Noninverting OPEN-DRAIN +AMHY
MAX40003ANS+T* — Inverting OPEN-DRAIN +J
MAX40003AUK+T* — Inverting OPEN-DRAIN +AMHZ
MAX40003ANS02+T 0.2 Inverting OPEN-DRAIN +Q
MAX40003AUKO02+T* 0.2 Inverting OPEN-DRAIN +AMIA
MAX40003ANSO05+T* 0.5 Inverting OPEN-DRAIN +R
MAX40003AUKO5+T* 0.5 Inverting OPEN-DRAIN +AMIB
MAX40003ANS12+T* 1.2 Inverting OPEN-DRAIN +T
MAX40003AUK12+T* 1.2 Inverting OPEN-DRAIN +AMID
MAX40004ANS+T* — Noninverting PUSHPULL +K
MAX40004AUK+T* — Noninverting PUSHPULL +AMIE
MAX40004ANS02+T 0.2 Noninverting PUSHPULL +W
MAX40004AUKO02+T* 0.2 Noninverting PUSHPULL +AMIF
MAX40004ANS05+T* 0.5 Noninverting PUSHPULL +X
MAX40004AUKO05+T* 0.5 Noninverting PUSHPULL +AMIG
MAX40004ANS12+T* 1.2 Noninverting PUSHPULL +U
MAX40004AUK12+T* 1.2 Noninverting PUSHPULL +AMIJ
MAX40005ANS+T* — Inverting PUSHPULL +L
MAX40005AUK+T* — Inverting PUSHPULL +AMIK
MAX40005ANS02+T 0.2 Inverting PUSHPULL +Z
MAX40005AUK02+T* 0.2 Inverting PUSHPULL +AMIL
MAX40005ANS05+T* 0.5 Inverting PUSHPULL +1
MAX40005AUK05+T* 0.5 Inverting PUSHPULL +AMIM
MAX40005ANS12+T* 1.2 Inverting PUSHPULL +V
MAX40005AUK12+T* 1.2 Inverting PUSHPULL +AMIO

*Future Product—Contact factory for availability.

www.maximintegrated.com
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MAX40002-MAX40005

Ordering Information

nanoPower 4-Bump Comparator in Ultra-Tiny

PART TEMP RANGE PIN-PACKAGE
MAX40002ANS+T* 40°C to +125°C 4 WLP
MAX40002ANS_ _+T 40°C to +125°C 4 WLP
MAX40002AUK+T* 40°C to +125°C 580T23
MAX40002AUK_ _+T* 40°C to +125°C 580T23
MAX40003ANS+T* 40°C to +125°C 4 WLP
MAX40003ANS_ _+T 40°C to +125°C 4 WLP
MAX40003AUK+T* 40°C to +125°C 5807123
MAX40003AUK_ _+T* 40°C to +125°C 5807123
MAX40004ANS+T* 40°C to +125°C 4 WLP
MAX40004ANS_ _+T 40°C to +125°C 4 WLP
MAX40004AUK+T* 40°C to +125°C 580T23
MAX40004AUK_ _+T* 40°C to +125°C 580T23
MAX40005ANS+T* 40°C to +125°C 4 WLP
MAX40005ANS_ _+T 40°C to +125°C 4 WLP
MAX40005AUK+T* 40°C to +125°C 580T23
MAX40005AUK_ _+T* 40°C to +125°C 580T23

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

T = Tape and reel.

*Future Product—Contact factory for availability.
The “__” are placeholders for internal reference voltage level.

For example, the MAX40002ANS05+T has an onboard 0.5V

reference voltage.

Devices without “_ _” use external reference voltage as supply

voltage.

www.maximintegrated.com

Chip Information
PROCESS: BiCMOS

0.73mm x 0.73mm WLP/SOT23 Packages
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MAX40002-MAX40005

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 4-Bump Comparator in Ultra-Tiny

0.73mm x 0.73mm WLP/SOT23 Packages
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PACKAGE TYPE PACKAGE CODE OUTLINE NO. LAND PATTERN NO.
Refer to
4 WLP N40C0+1 21-100103
- Application Note AN1891
5S0T23 U5+1 21-0057 90-0174
Pin 1 COMMON DIMENSIONS
Indicator E Marking see Note 7
| / A 0.50 MAX
A | Al | 0.19 £0.03
D A2 0.29 REF
AAA D A3 0.040 BASIC
O 6 | $0.22 +0.03
D 0.728 +0.025
A3 TOP VIEW SIDE VIEW E 0.728 +0.025
D1 0.35 BASIC
* * — Al El 0.35 BASIC
0.35 BASIC
A2 * e
A 0| 0.18 BASIC
L T OO0 N ol e
DEPOPULATED BUMPS:
(N 0.05 NONE
FRONT VIEW
El/e =—
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NOTES:

. Terminal pitch is defined by terminal center to center value.
Outer dimension is defined by center lines between scribe lines.
All dimensions in millimeter.

. 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.
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MAX40002—-MAX40005 nanoPower 4-Bump Comparator in Ultra-Tiny
0.73mm x 0.73mm WLP/SOT23 Packages
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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.
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