MICROCHIP

MAQS300

Automotive Qualified Single Output 300 mA pCap LDO

Features

* Small 2 mm x 2 mm VDFN Package
* Low Dropout Voltage: 100 mV at 300 mA
+ Output Noise 120 pVrus
* Input Voltage Range: 2.3V to 5.5V
» 300 mA Guaranteed Output Current
» Stable with Ceramic Output Capacitors
* Low Quiescent Current: 85 pA Total
* 30 ys Turn-On Time
* High Output Accuracy
- +2% Initial Accuracy
- +3% over Temperature
* Thermal Shutdown and Current-Limit Protection

Applications

* CMOS image sensors

» Backup camera modules
* GPS Receivers

* Infotainment

General Description

The MAQ5300 is an automotive-qualified, ultra-small,
ultra-low dropout CMOS regulator (ULDO) that is ideal
for today’s most demanding automotive applications
including infotainment, camera module, image
sensors, and anywhere PCB space is limited. It offers
extremely low dropout voltage, very low output noise
and can operate from a 2.3V to 5.5V input while
delivering up to 300 mA.

The MAQ5300 offers 2% initial accuracy, low ground
current (typically 85 pA total), thermal shutdown, and
current-limit protection. The MAQ5300 can also be put
into a zero-off-mode current state, drawing no current
when disabled.

The MAQ5300’s operating junction temperature range
is —40°C to +125°C and it is available in fixed output
voltages in a lead-free (RoHS-compliant) 6-pin 2 mm x
2 mm VDFN package.

Package Type
MAQ5300
6-Lead VDFN (ML)
(Top View)
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MAQ5300

Typical Application Circuit

CMOS Sensor Application
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MAQS300

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

SUPPIY VOIRAGE (VN +vveereermrientie ittt ettt ettt ettt et b et sh e bt e st et e e bt e e bt e saeeeer e e sbeenanennee e 0V to +6.0V
ENADIE INPUL (VEN) +ee vttt ettt ettt e ee e bt et e e bt sereenne e st e nbeesaneene e e 0V to V|\+0.3V
Power DisSiPation (NOLE 1) ...ciiiiiiiiiee ettt e et e e e et e e e e e e as s e e e e e esnnrseeaeesnasaenaaeaan Internally Limited
RS D = (g Yo TR (1] (22 R 2 kV (HBM)
LS = 1T P 100V (MM)

Operating Ratings

10 o] oYY (o1 r=To T A TN IR TPV PP PP TR PP P RPPOPRN +2.3V to +5.5V
ENADIE INPUL (VEN) +ee vttt ettt et h et he et esh et e bt e e bt et e e nb e et e e sbe e er e e nneeenne et 0V to V|y

T Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at those or any other conditions above those indicated
in the operational sections of this specification is not intended. Exposure to maximum rating conditions for extended
periods may affect device reliability.

T Notice: The device is not guaranteed to function outside its operating rating.

Note 1: The maximum allowable power dissipation for any T, (ambient temperature) is Ppvax) = (Tymax) — Ta)/6ya.
Exceeding the maximum allowable power dissipation will result in excessive die temperature, and the reg-
ulator will go into thermal shutdown.

2: Devices are ESD sensitive. Handling precautions are recommended. Human body model, 1.5 kQ in series
with 100 pF.

ELECTRICAL CHARACTERISTICS

Electrical Characteristics: V|y = Vout+1V; Cout = 1.0 YF; loyt = 100 pA; T, = +25°C, bold values valid for -40°C
< T, £+125°C, unless noted. (Note 1)

Parameter Min. Typ. Max. Units Conditions
-2 — 2 Variation from nominal Vot
Output Voltage Accuracy 3 . 3 % | Variation from nominal Voyr;
- —40°C to +125°C
. . ViN=V +1V to 5.5V,
— 0 IN = Vout ;
Line Regulation 0.02 0.6 Y% lout = 100 pA
Load Regulation (Note 2) — 0.03 0.6 % louT = 100 pAto 300 mA
— 50 100 lout = 150 mA
Dropout Voltage (Note 3) mV
— 100 200 louTt =300 mA
Ground Pin Current (Note 4) — 85 120 MA | loyt = 0 mAto 300 mA, EN = High
Ground Pin Current in Shutdown — 0.1 1 MA | Vgy=0V
— 65 — f=Upto1kHz C =1.0 yF
Ripple Rejection dB P OUT K
— 42 — f=1kHzto 20 kHz; Coyt = 1.0 uF

Note 1: Specification for packaged product only.
2: Regulation is measured at constant junction temperature using low duty cycle pulse testing. Changes in
output voltage due to heating effects are covered by the thermal regulation specification.
3: Dropout voltage is defined as the input-to-output differential at which the output voltage drops 2% below
its nominal value measured at 1V differential.

4: Ground pin current is the regulator quiescent current. The total current drawn from the supply is the sum
of the load current plus the ground pin.

© 2021 Microchip Technology Inc. DS20006504A-page 3



MAQ5300

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Characteristics: V|y = Vou1+1V; Coyt = 1.0 pF; Igyt = 100 pA; T, = +25°C, bold values valid for —-40°C

< T,;<+125°C, unless noted. (Note 1)

Parameter Min. Typ. Max. Units Conditions
Current Limit 325 650 875 mA | Voyur =0V
Output Voltage Noise — 120 MVRrwms | Cout =1 uF, 10 Hz to 100 kHz
Enable Input
— — 0.2 Logic Low
Enable Input Voltage Vv
1.1 — — Logic High
— 0.01 — Vi 0.2V
Enable Input Curent MA
— 0.01 — Vig 2 1.0V
Turn-On Time — 30 100 pus  |Coyt=1.0 yF
Thermal Protection
Overtemperature Shutdown — 155 — °C | T,rising
Overtemperature Shutdown Hysteresis — 5 — °C —

Note 1: Specification for packaged product only.

2: Regulation is measured at constant junction temperature using low duty cycle pulse testing. Changes in
output voltage due to heating effects are covered by the thermal regulation specification.

3: Dropout voltage is defined as the input-to-output differential at which the output voltage drops 2% below
its nominal value measured at 1V differential.

4: Ground pin current is the regulator quiescent current. The total current drawn from the supply is the sum
of the load current plus the ground pin.

TEMPERATURE SPECIFICATIONS

Parameters ‘ Sym. | Min ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Ambient Temperature Range Ta -40 — +125 °C |—
Junction Temperature Range T, —40 — +125 °C |—
Storage Temperature Range Ts -65 — +150 °C |—
Lead Temperature — — — +260 °C | Soldering, 10 sec.
Package Thermal Resistance
Thermal Resistance, VDFN 6-Ld | 6w | — | 90 | — |-ow |—

Note 1: The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable
junction temperature and the thermal resistance from junction to air (i.e., Ta, T;, 8,4). Exceeding the
maximum allowable power dissipation will cause the device operating junction temperature to exceed the
maximum +125°C rating. Sustained junction temperatures above +125°C can impact the device reliability.

DS20006504A-page 4
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MAQS300

2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
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MAQ5300

N
=3}
@

g
@
N

Ind
2

OUTPUT VOLTAGE (V)
8

279
Vin = Vourt1V
278 Vour=28V ]

Cour = 1WF
| l

N
~
N

0 50 100 150 200 250 300
OUTPUT CURRENT (mA)

FIGURE 2-7: Output Voltage vs. Output
Current.
35
3
S s /[
w
o 100pA
E 2
o
> 15
2 (
2 . <« 300mA
(=
2
o
0.5
Vour = 2.8V
Cour = 1pF
0 .
0 1 2 3 4 5 6
SUPPLY VOLTAGE (V)
FIGURE 2-8: Output Voltage vs. Supply
Voltage.
34
32
=
w 3
q
B 28
o
>
= 26
2 Vin ==V§’”3TV+1V
S 24 Cour= WF
o lour = 100pA
22
2
40 20 0 20 40 60 80 100 120 140
TEMPERATURE (C)
FIGURE 2-9: Output Voltage vs.
Temperature.

700 T
Vour = 0V
Ta=25°C
680
<
E
E 660
§ —
| I
=
I 640
['4
['4
=
O 620
600
3 35 4 45 5 55
SUPPLY VOLTAGE (V)
FIGURE 2-10: Current Limit vs. Supply
Voltage.
10
1 oy
. ,
I
z
2 o
w mERk
7]
g
001 | S
Cour = 1HF
LOAD =50Q |||
0001 LI |1
0.01 0.1 1 10 100 1000
FREQUENCY (Hz)
FIGURE 2-11: Output Noise Spectral
Density.
U
“
ENABLE P
(1V/div)
| i VIN = VOUT +1V
OUTPUT » our = 2.8V
VOLTAGE Cour = TWF
(1V/div)
TIME (10ps/div)
FIGURE 2-12: Enable Turn-On.

DS20006504A-page 6

© 2021 Microchip Technology Inc.



MAQS300

\

OUTPUT »
VOLTAGE
AC-COUPLED
(50mV/div)

CURRENT

300mA

OUTPUT > s

V, =V, +1V ¢

N~ Vour
our =28V Sy

Cour = 1HF

(100mA/div)

TIME (40ps/div)

FIGURE 2-13:

Load Transient Response.

INPUT »
VOLTAGE
(2V/div)

OUTPUT »

&y
SV

4

Vo, =2.8V

ouT

loyr = 10MA

VOLTAGE
AC-COUPLED

(50mV/div)

TIME (40ps/div)

FIGURE 2-14:

Line Transient Response.

© 2021 Microchip Technology Inc.

DS20006504A-page 7



MAQ5300

3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE

Pin Number | Pin Name Description
1 EN Enable (Input): Active High. High = on, low = off. Do not leave this pin floating.
2 GND Power Ground.
3 VIN Supply Voltage (Input): Decouple with a minimum 1 pyF ceramic capacitor.
4 VOUT Regulated Output Voltage (Output): Decouple with a minimum 1 yF ceramic capacitor.
5 NC No Connection.
6 NC No Connection.
Ep ePAD Exposed pad heat sink. Intlernally connected to ground. Connect to ground copper on
board to lower thermal resistance.

DS20006504A-page 8 © 2021 Microchip Technology Inc.



MAQS300

4.0 APPLICATION INFORMATION

4.1 Enable/Shutdown

The MAQ5300 comes with an active-high enable pin
that allows the regulator to be disabled. Forcing the
enable pin low disables the regulator and sends it into
a “zero” off-mode-current state. In this state, current
consumed by the regulator goes nearly to zero. Forcing
the enable pin high enables the output voltage. The
active-high enable pin uses CMOS technology and the
enable pin cannot be left floating; a floating enable pin
may cause an indeterminate state on the output.

4.2 Input Capacitor

The MAQ5300 is a high-performance, high bandwidth
device that requires a well-bypassed input supply for
optimal performance. A minimum 1 yF X7R ceramic
capacitor is required from the VIN pin to ground for
stability and decoupling. The capacitor must be placed
next to the VIN pin and the VIN pin to capacitor
connection routed with a wide (low inductance) PCB
trace. The ground terminal of the capacitor is
connected directly to the GND pin with a similar low
impedance trace. If a ground plane is used, the
capacitor ground terminal and GND pin should be
connected to the ground plane with a via. Refer to the
PCB recommended layout section for a typical layout.
X7R dielectric-type ceramic capacitors are used
because of their —-55°C to 125°C temperature range.
X7R-type capacitors have a stable dielectric and
change capacitance by +15% over their operating
temperature range. X5R dielectrics have a maximum
temperature of only 85°C, while Z5U and Y5V and
other lower quality dielectric capacitors must not be
used as their capacitance range changes by as much
as 50% to 60%. This change may cause problems with
stability and regulation. Additional high-frequency
capacitors, such as small-valued NPO dielectric-type
capacitors, help filter out high-frequency noise.

Larger value, ceramic, tantalum and aluminum
electrolytic capacitors may be used at the input, in
parallel with the ceramic input capacitor described
above.

4.3 Output Capacitor

The MAQS5300 requires an X7R ceramic output
capacitor of 1 yF or greater to maintain stability. The
LDO is optimized for use with low-ESR ceramic chip
capacitors. Higher ESR capacitors, such as aluminum
electrolytic and tantalum may cause high frequency
oscillation. The output capacitance can be increased,
but performance has been optimized for a 1 yF ceramic
output capacitor and does not improve significantly with
larger capacitance.

The capacitor must be placed next to the VOUT pin and
the VOUT pin to capacitor connection routed with a
wide (low inductance) PCB trace. The ground terminal
of the capacitor is connected directly to the GND plane
with a similar low impedance trace. If a ground plane is
used, the capacitor ground terminal and GND pin
should be connected to the ground plane with a via.
Refer to the PCB recommended layout section for a
typical layout.

X7R dielectric-type ceramic capacitors are used
because of their temperature performance. X7R-type
capacitors have a stable dielectric and change
capacitance by +15% over their operating temperature
range. As with the input capacitor, X5R capacitors may
not meet the maximum ambient temperature
specification and Z5U, Y5V and other lower quality
dielectric capacitors must not be used to prevent
stability and regulation problems. Additional
high-frequency capacitors, such as small-valued NPO
dielectric-type capacitors, help filter out high-frequency
noise.

4.4 No-Load Stability
The MAQ5300 is stable when operating at no load.

4.5 Dropout Voltage

An LDO’s dropout voltage is the minimum operating
voltage difference between V|y and Vgt at a given
output current. Once the dropout voltage is reached,
lowering the input voltage will cause the output voltage
to decrease and the LDO will cease to operate
properly. The typical and worst case dropout voltages
are listed in the electrical characteristic table.

4.6 Thermal Considerations

The MAQ5300 is designed to provide 300 mA of
continuous current. Maximum ambient operating
temperature can be calculated based on the output
current and the voltage drop across the part. For
example, given that the input voltage is 3.6V, the output
voltage is 2.8V and the output current equals 300 mA.

The actual power dissipation of the regulator circuit can
be determined using the following equation:

EQUATION 4-1:

Pp = Vin=Vour) *Lourt VinxIgnp

© 2021 Microchip Technology Inc.
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MAQ5300

Because this device is CMOS and the ground current
is typically <100 pA over the load range, the power
dissipation contributed by the ground current is < 1%
and can be ignored for this calculation.

EQUATION 4-2:

Py = (3.6V-28V)x300mA = 0.24W

To determine the maximum ambient operating
temperature of  the package, use the
junction-to-ambient thermal resistance of the device
and the following basic equation:

EQUATION 4-3:
_ TJ(MA -7,
PD(MAX) - —92;
Where:

Tymax) = 125°C, the max. junction temperature of the
die.
0, = The thermal resistance of 90°C/W.

Substituting Pp, for Ppax) and solving for the ambient
operating temperature will give the maximum operating
conditions  for the regulator circuit. The
junction-to-ambient thermal resistance is 90°C/W.

The maximum power dissipation must not be exceeded
for proper operation.

For example, when operating the MAQ5300-2.8YML at
an input voltage of 3.6V and 300mA load, the maximum
ambient operating temperature T can be determined
as follows:

EQUATION 4-4:

0.24W = (125°C—-T,)/(90°C/W)

T, = 103°C

Therefore, a 2.8V application with 300mA of output
current can accept an ambient operating temperature
of 103°C.

A via can be placed under the package to maximize
thermal performance. Refer to the PCB Layout
Recommendations section for a typical layout.

For a full discussion of heat sinking and thermal effects
on voltage regulators, refer to the “Regulator Thermals”
section of Microchip’s Designing with Low-Dropout
Voltage Regulators handbook.

DS20006504A-page 10
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MAQS300

5.0 TYPICAL APPLICATION SCHEMATIC

VIN
R1 MAQ5300-3.3YML
100kQ
en [ EN NC p—
GND [0 é GND NC —
v, O VIN vouT 9 Ov,,
C1 1 c2
TuF ;l; T 1uF
Bill of Materials
TABLE 5-1: BILL OF MATERIALS
Item Part Number Manufacturer Description Qty.
R1 CRCWO0603100KFKEA Vishay Dale 1 100 kQ, 1%, 0603 resistor 1
C1,C2 |06036C105MAT2A AVX 2 1C”F’ 6.3V, X7R, 0603, Ceramic 2
apacitor
. . Automotive Qualified Single Output
U1 MAQ5300-3.3YML Microchip 3 300mA uCap LDO, 3.3V Fixed Output 1
Note 1: Vishay: www.vishay.com
2:  AVX: www.avx.com
3:  Microchip: www.microchip.com

© 2021 Microchip Technology Inc.
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6.0 PCBLAYOUT RECOMMENDATIONS

FIGURE 6-1: Top Layer.
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FIGURE 6-2: Bottom Layer.
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MAQS300

7.0 PACKAGING INFORMATION

71 Package Marking Information
6-Lead VDFN*

XXX

Example

QMF

Y

Legend: XX..X Product code or customer-specific information
Year code (last digit of calendar year)

Year code (last 2 digits of calendar year)
Week code (week of January 1 is week ‘01’)

Alphanumeric traceability code

Pb-free JEDEC® designator for Matte Tin (Sn)
This package is Pb-free. The Pb-free JEDEC designator (@)
can be found on the outer packaging for this package.

e, A, V¥V Pinone index is identified by a dot, delta up, or delta down (triangle
mark).

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or may not include
the corporate logo.

Underbar (_) and/or Overbar (7) symbol may not be to scale.

TABLE 7-1: MARKING CODES

Part Number Marking Code Voltage
MAQ5300-1.5YML QMF 1.5V
MAQ5300-1.8YML QMG 1.8V
MAQ5300-2.5YML QmJ 2.5V
MAQ5300-2.8YML QMM 2.8V

MAQ5300-2.85YML QMN 2.85V
MAQ5300-3.0YML QMP 3.0V
MAQ5300-3.3YML QMS 3.3V

© 2021 Microchip Technology Inc.
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MAQ5300

6-Lead 2 mm x 2 mm VDFN Package Outline and Recommended Land Pattern

6-Lead Very Thin Plastic Dual Flat, No Lead Package (JDA) - 2x2 mm Body [VDFN]
Micrel Legacy Package

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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Microchip Technology Drawing C04-1016A Sheet 1 of 2
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MAQS300

6-Lead Very Thin Plastic Dual Flat, No Lead Package (JDA) - 2x2 mm Body [VDFN]
Micrel Legacy Package

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Units MILLIMETERS

Dimension Limits|  MIN [ Nom | MAX
Number of Terminals N 6
Pitch e 0.65 BSC
Overall Height A 0.80 0.85 0.90
Standoff A1 0.00 0.02 0.05
Terminal Thickness A3 0.203 REF
Overall Length D 2.00 BSC
Exposed Pad Length D2 135 | 140 | 145
Overall Width E 2.00 BSC
Exposed Pad Width E2 0.75 0.80 0.85
Terminal Width b 0.20 0.25 0.30
Terminal Length L 0.30 0.35 0.40
Terminal-to-Exposed-Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated
3. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-1016A Sheet 2 of 2
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MAQ5300

6-Lead Very Thin Plastic Dual Flat, No Lead Package (JDA) - 2x2 mm Body [VDFN]
Micrel Legacy Package

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

N

Units MILLIMETERS

Dimension Limits|  MIN [ Nom | mAX
Contact Pitch E 0.65 BSC
Optional Center Pad Width X2 0.85
Optional Center Pad Length Y2 1.45
Contact Pad Spacing C1 2.00
Contact Pad Width (X6) X1 0.30
Contact Pad Length (X6) Y1 0.75
Contact Pad to Center Pad (X6) G1 0.20
Thermal Via Diameter Vv 0.27 0.30 0.33

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-21016A
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APPENDIX A: REVISION HISTORY

Revision A (March 2021)

» Converted Micrel document MAQ5300 to Micro-
chip data sheet template DS20006504A.

* Minor grammatical text changes throughout.
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NOTES:
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MAQS300

PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, contact your local Microchip representative or sales office.

Device X.X X XX -XX
Part No. Voltage Temp. Range Package Media Type
Device: MAQ5300: Automotive Qualified Single Output
: 300 mA uCap LDO
15 = 1.5V
18 = 1.8V
25 = 2.5V
Voltage: 28 = 2.8V
2.85 = 2.85V
3.0 = 3.0V
33 = 3.3V
Temperature v - _4p°Cto +125°C
Range:
Package: ML = 6-Lead 2 mm x 2 mm VDFN
Media Type: TR = 5,000/Reel
ype: T5 =  500/Reel (1.8V & 2.8V Options Only)

Examples:
a) MAQ5300-1.5YML-TR:

b) MAQ5300-1.8YML-T5:

¢) MAQ5300-2.5YML-TR:

d) MAQ5300-2.85YML-TR:

e) MAQ5300-3.0YML-TR:

f) MAQ5300-3.3YML-TR:

Note 1:

MAQ5300, 1.5V Voltage,
—40°C to +125°C Temp.
Range, 6-Lead VDFN,
5,000/Reel

MAQ5300, 1.8V Voltage,
—40°C to +125°C Temp.
Range, 6-Lead VDFN,
500/Reel

MAQ5300, 2.5V Voltage,
—40°C to +125°C Temp.
Range, 6-Lead VDFN,
5,000/Reel

MAQ5300, 2.85V Voltage,
—40°C to +125°C Temp.
Range, 6-Lead VDFN,
5,000/Reel

MAQ5300, 3.0V Voltage,
—40°C to +125°C Temp.
Range, 6-Lead VDFN,
5,000/Reel

MAQ5300, 3.3V Voltage,
—40°C to +125°C Temp.
Range, 6-Lead VDFN,
5,000/Reel

Tape and Reel identifier only appears in the

catalog part number description. This identifier is
used for ordering purposes and is not printed on
the device package. Check with your Microchip
Sales Office for package availability with the
Tape and Reel option.

© 2021 Microchip Technology Inc.
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specifications contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is secure when used in the intended manner and under normal conditions.

. There are dishonest and possibly illegal methods being used in attempts to breach the code protection features of the Microchip
devices. We believe that these methods require using the Microchip products in a manner outside the operating specifications
contained in Microchip's Data Sheets. Attempts to breach these code protection features, most likely, cannot be accomplished

without violating Microchip's intellectual property rights.

. Microchip is willing to work with any customer who is concerned about the integrity of its code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code protection does not
mean that we are guaranteeing the product is "unbreakable." Code protection is constantly evolving. We at Microchip are
committed to continuously improving the code protection features of our products. Attempts to break Microchip's code protection
feature may be a violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software or
other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication is provided for the sole
purpose of designing with and using Microchip products. Infor-
mation regarding device applications and the like is provided
only for your convenience and may be superseded by updates.
It is your responsibility to ensure that your application meets
with your specifications.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS".
MICROCHIP MAKES NO REPRESENTATIONS OR WAR-
RANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED,
WRITTEN OR ORAL, STATUTORY OR OTHERWISE,
RELATED TO THE INFORMATION INCLUDING BUT NOT
LIMITED TO ANY IMPLIED WARRANTIES OF NON-
INFRINGEMENT, MERCHANTABILITY, AND FITNESS FORA
PARTICULAR PURPOSE OR WARRANTIES RELATED TO
ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDI-
RECT, SPECIAL, PUNITIVE, INCIDENTAL OR CONSEQUEN-
TIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND
WHATSOEVER RELATED TO THE INFORMATION OR ITS
USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS
BEEN ADVISED OF THE POSSIBILITY OR THE DAMAGES
ARE FORESEEABLE. TO THE FULLEST EXTENT
ALLOWED BY LAW, MICROCHIP'S TOTAL LIABILITY ON
ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION
ORITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF
ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP
FOR THE INFORMATION. Use of Microchip devices in life sup-
port and/or safety applications is entirely at the buyer's risk, and
the buyer agrees to defend, indemnify and hold harmless
Microchip from any and all damages, claims, suits, or expenses
resulting from such use. No licenses are conveyed, implicitly or
otherwise, under any Microchip intellectual property rights
unless otherwise stated.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec,
AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT,
chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex,
flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, LANCheck,
LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi,
Microsemi logo, MOST, MOST logo, MPLAB, OptoLyzer,
PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire,
Prochip Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST,
SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon,
TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered
trademarks of Microchip Technology Incorporated in the U.S.A. and
other countries.

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions
Company, EtherSynch, FlashTec, Hyper Speed Control, HyperLight
Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3,
Precision Edge, ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-
Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub,
TimePictra, TimeProvider, WinPath, and ZL are registered
trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any
Capacitor, Anyln, AnyOut, Augmented Switching, BlueSky,
BodyCom, CodeGuard, CryptoAuthentication, CryptoAutomotive,
CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net,
Dynamic Average Matching, DAM, ECAN, Espresso T1S,
EtherGREEN, IdealBridge, In-Circuit Serial Programming, ICSP,
INICnet, Intelligent Paralleling, Inter-Chip Connectivity,
JitterBlocker, maxCrypto, maxView, memBrain, Mindi, MiWi,
MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK,
NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net,
PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE,
Ripple Blocker, RTAX, RTG4, SAM-ICE, Serial Quad /0,
simpleMAP, SimpliPHY, SmartBuffer, SMART-I.S., storClad, SQl,
SuperSwitcher, SuperSwitcher I, Switchtec, SynchroPHY, Total
Endurance, TSHARC, USBCheck, VariSense, VectorBlox, VeriPHY,
ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks
of Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated in
the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage
Technology, and Symmcom are registered trademarks of Microchip
Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany
I GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in
other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2021, Microchip Technology Incorporated, All Rights Reserved.
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