MICROCHIP

MIC5018

High-Side MOSFET Driver

Features

* +2.7V to +9V Operation

* 150 pA Typical Supply Current at 5V Supply

» <1 pA Typical Standby (Off) Current

» Charge Pump for High-Side Low-Voltage
Applications

* Internal Zener Diode Gate-to-Ground MOSFET
Protection

» Operates in Low- and High-Side Configurations

* TTL Compatible Input
* ESD Protected

Applications

« Battery Conservation

» Power Bus Switching

» Solenoid and Motion Control
* Lamp Control

Package Type
MIC5018
SOT-143 (M4)
VS GND
2 1
Part
Identification t~a H10
H10
3 4
G CTL

Early production identification: MH10

General Description

The MIC5018 high-side MOSFET driver is designed to
switch an N-channel enhancement-type MOSFET from
a TTL compatible control signal in high- or low-side
switch applications. This driver features the tiny 4-lead
SOT-143 package.

The MIC5018 is powered from a +2.7V to +9V supply
and features extremely low off-state supply current. An
internal charge pump drives the gate output higher than
the driver supply voltage and can sustain the gate
voltage indefinitely. An internal Zener diode limits the
gate-to-source voltage to a safe level for standard
N-channel MOSFETSs.

In high-side configurations, the source voltage of the
MOSFET approaches the supply voltage when
switched on. To keep the MOSFET turned on, the
MIC5018’s output drives the MOSFET gate voltage
higher than the supply voltage. In a typical high-side
configuration, the driver is powered from the load
supply voltage. Under some conditions, the MIC5018
and MOSFET can switch a load voltage that is slightly
higher than the driver supply voltage.

In a low-side configuration, the driver can control a
MOSFET that switches any voltage up to the rating of
the MOSFET. The gate output voltage is higher than
the typical 3.3V or 5V logic supply and can fully
enhance a standard MOSFET.

The MIC5018 is available in the SOT-143 package and
is rated for —40°C to +85°C ambient temperature
range.
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MIC5018

Typical Application Circuits

Low-Voltage High-Side Power Switch

+5V
4.7uF | —MICS018 IRFZ24*
VS G 4' N-Channel
\ 1 ':I MOSFET
o—4CcTL GND

o [~ 17

* International Rectifier
100me2 17A max.
TO-220 package

©
©
(@]
-l

Low-Side Power Switch

Load voltage limited only by VLOAD supply
MOSFET drain-to-source rating

* Siliconix
30ma2, 7A max., 30V Vps max.
8-lead SOIC package

Load —©

+2.7 to +9V

‘ MIC5018 J

4.7pF |, 5 H Si9410DY’
VS G _l N-channel

é o1l enpk MOSFET
or I
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MIC5018

Functional Block Diagram

High-Side Driver Configuration

+2.7V to +9V
VS\l{ o MIC5018
D2
i A 35y
Q1
CTL R1 2k
on o< EN|CHARGE = I,';
D1 D3| 16 H
R2
16V oK Hi 3
GND

Load
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MIC5018

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

SUPPIY INPUL VOIBGE (VGUPPLY) «-+vevreerrreerrrrmmmemmmreiterameeieeatteasseeseresateaseeee bt easeeesseeebeeasseeaeeeasseenseeseeeeasaesaneesbeennneenneens +10V
CONLFOI VORAGE (VETL) «evveerverrrreritieittette ettt sttt ettt e eat e bt et es e e s et e e eae et eabe e enbeen e e eane e e —-0.6V to +16V
GALE VOIAGE (V) -veeureerrtteiee ettt sttt ettt ettt et ea bt ettt eh e 4o et a et h bt et ehe e eh et ea e h e et en et re s +16V

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.

DC CHARACTERISTICS

Electrical Specifications: Typical values at Ty = 25°C. Unless otherwise noted, minimum and maximum values
indicate performance at —40°C < Tp < +85°C, with +2.7V < Vs < +9V. Parts production tested at 25°C.

Parameter Symbol Min. Typ. Max. Units Conditions (Note 1)
—_— 0.01 1 VSUPPLY = 33V, VCTL =0V
— 70 140 \Y =3.3V, VoL = 3.3V
Supply Current IsuppLY MA SUPPLY CTL
— 0 1 VsuppLy =5, Vet = OV
— 150 300 VSUPPLY = 5, VCTL =5V
0 _ 0.8 vV 27V < _VSUPPLY < 9V, VCTL for
logic 0 input
<
Control Input Voltage Vel 2.0 — | Vsup- v |27V S Vsuppy <5V, Ve for
PLY logic 1 input
24 _ VSUP- vV 5V < VSUPPLY < 9, VCTL for |OgiC
) PLY 1 input
Control Input Current leTe — 0.01 1 MA | 2.7V £ VgyuppLy £ 9V
Control Input Capacitance — — 5 — pF Note 1
Zener Diode Output Clamp — 13 16 19 \Y VsuppLy = 9V
6.3 71 —_— \ VSUPPLY =27V
Gate Output Voltage Vg 7.1 8.2 — \Y VsuppLy = 3.0V
11.4 13.4 —_— \Y VSUPPLY =45V
_ _ VsuppLy = 3V, Vouyt = 10V
Gate Output Current Ig 9.5 A (Note 2)
_ _ 0.75 15 ms VSUPPLY =45V, C|_ = 1000 pF
. ’ ’ (Note 3)
Gate Turn-On Time vV 45V C. = 3000 oF
— — SUPPLY = 4.9V, L = p
21 4.2 ms (Note 3)
. _ 10 20 us VSUPPLY =45V, C|_ =1000 pF
) (Note 4)
Gate Turn-Off Time v 45V C. = 3000 OF
- — SUPPLY = 4.9V, L = p
30 60 Hs (Note 4)

Note 1: Guaranteed by design.
2: Resistive load selected for Vo1 = 10V.
3: Turn-on time is the time required for gate voltage to rise to 4V greater than the supply voltage. This rep-
resents a typical MOSFET gate threshold voltage.
4: Turn-off time is the time required for the gate voltage to fall to 4V above the supply voltage. This rep-
resents a typical MOSFET gate threshold voltage.
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MIC5018

TEMPERATURE SPECIFICATIONS (Note 1)

Parameters ‘ Sym. ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Ambient Temperature Range Ta —40 — +85 °C |—
Lead Temperature — — — +300 °C | Soldering, 10 seconds
Package Thermal Resistance

. CETN — +220 — °C/IW |—
Thermal Resistance, SOT-143

CEN — +130 — °CIW |—

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;, 84). Exceeding the
maximum allowable power dissipation will cause the device operating junction temperature to exceed the
maximum rating. Sustained junction temperatures above that maximum can impact device reliability.

0.1uF

VSUPPLY

MIC5018

2lvs

o0— CTL GND

G

9 Vour

CL

FIGURE 1-1: Test Circuit.
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MIC5018

2.0 TYPICAL PERFORMANCE CURVES (Note 1)

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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FIGURE 2-1: Supply Current vs. Supply
Voltage.
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0 / —t1 |
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FIGURE 2-2: Full Turn-On Time vs. Load
Capacitance.
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0 — |
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FIGURE 2-3: Full Turn-Off Time vs. Load
Capacitance.

FIGURE 2-4: Gate Output Voltage vs.
Supply Voltage.
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FIGURE 2-5:
Output Voltage.
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FIGURE 2-6:
Output Voltage.
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21 Typical Performance Curve Notes

1: TA = 25°C, VSUPPLY = 5V unless noted.

2: Full turn-on time is the time between V1 rising to 2.5V and the Vg rising to 90% of its steady on-state
value.

3: Full turn-off time is the time between V1 falling to 0.5V and the Vg falling to 10% of its steady on-state
value.
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MIC5018

3.0 PIN DESCRIPTIONS

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

TABLE 3-1: PIN FUNCTION TABLE
Pin Number
5-Lead Pin Name Description
SOT-143

1 GND Ground: Power return.

2 VS Supply (Input): +2.7V to +9V supply.

3 G Gate (Output): Gate connection to external MOSFET.
Control (Input): TTL compatible on/off control input. Logic high drives the gate output

4 CTL )
above the supply voltage. Logic low forces the gate output near ground.

31 Functional Description

Refer to the “Functional Block Diagram”.

The MIC5018 is a noninverting device. Applying a logic
high signal to CTL (control input) produces gate drive
output. The G (gate) output is used to turn on an
external N-channel MOSFET.

3.1.1 SUPPLY

VS (supply) is rated for +2.7V to +9V. An external
capacitor is recommended to decouple noise.

3.1.2 CONTROL

CTL (control) is a TTL compatible input. CTL must be
forced high or low by an external signal. A floating input
may cause unpredictable operation.

A high input turns on Q2, which sinks the output of
current source 11, making the input of the first inverter
low. The inverter output becomes high enabling the
charge pump.

3.1.3 CHARGE PUMP

The charge pump is enabled when CTL is logic high.
The charge pump consists of an oscillator and voltage
quadrupler (4x). Output voltage is limited to 16V by a
Zener diode. The charge pump output voltage will be
approximately:

EQUATION 3-1:

Ve = 4x Vgyppry—28V

But not exceeding 16V.

The oscillator operates from approximately 70 kHz to
approximately 100 kHz depending upon the supply
voltage and temperature.

3.1.4 GATE OUTPUT

The charge pump output is connected directly to the G
(gate) output. The charge pump is active only when
CTL is high. When CTL is low, Q3 is turned on by the
second inverter and discharges the gate of the external
MOSFET to force it off.

If CTL is high, and the voltage applied to VS drops to
zero, the gate output will be floating (unpredictable).

3.1.5 ESD PROTECTION

D1 and D2 clamp positive and negative ESD voltages.
R1 isolates the gate of Q2 from sudden changes on the
CTL input. Q1 turns on if the emitter (CTL input) is
forced below ground to provide additional input
protection. Zener D3 also clamps ESD voltages for the
gate (G) output.

DS20006631A-page 8
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MIC5018

4.0 APPLICATION INFORMATION

4.1 Supply Bypass

A capacitor from VS to GND is recommended to control
switching and supply transients. Load current and
supply lead length are some of the factors that affect
capacitor size requirements.

A 4.7 yF or 10 yF aluminum electrolytic or tantalum
capacitor is suitable for many applications. The low
ESR (equivalent series resistance) of tantalum
capacitors makes them especially effective, but also
makes them susceptible to uncontrolled inrush current
from low impedance voltage sources (such as NiCd
batteries or automatic test equipment). Avoid
instantaneously applying voltage, capable of high peak
current, directly to or near tantalum capacitors without
additional current limiting. Normal power supply
turn-on (slow rise time) or printed circuit trace
resistance is usually adequate for normal product
usage.

4.2 MOSFET Selection

The MIC5018 is designed to drive N-channel
enhancement type MOSFETs. The gate output (G) of
the MIC5018 provides a voltage, referenced to ground,
that is greater than the supply voltage. Refer to

Figure 2-4.

The supply voltage and the MOSFET drain-to-source
voltage drop determine the gate-to-source voltage.

EQUATION 4-1:

Vas = Vo= Vsuppry—Vps)

Where:

Vgs = gate-to-source voltage (enhancement)
Vg = gate voltage (from graph)

VsuppLy = supply voltage

Vpg = drain-to-source voltage (approx. OV at low
current, or when fully enhanced)

VSUPPLY

MIC5018 ‘\

V D
5{ qvs G 3—‘3*‘1 Vos
o—HcTL GND@VGS\_ 2/

FIGURE 4-1: Voltages

The performance of the MOSFET is determined by the
gate-to-source voltage. Choose the type of MOSFET
according to the calculated gate-to-source voltage.

43 Standard MOSFET

Standard MOSFETs are fully enhanced with a
gate-to-source voltage of about 10V. Their absolute
maximum gate-to-source voltage is +20V.

With a 5V supply, the MIC5018 produces a gate output
of approximately 15V. Figure 4-2 shows how the
remaining voltages conform.  The actual
drain-to-source voltage drop across an IRFZ24 is less
than 0.1V with a 1A load and 10V enhancement.
Higher current increases the drain-to-source voltage
drop, increasing the gate-to-source voltage.

+5V

4.7yF MIC5018

TE 315V J‘\
€|| Vs G—*| IRFZ24* approx. 0V
4 tov | ——

Logico—] CTL GNDj7 v

High
/' o | Todemonstrate
Voltages are approximate 8 ‘2’}'25 Sgcwu"v tna
-
N

* International Rectifier load resistor
standard MOSFET

FIGURE 4-2: Using a Standard MOFSET.

The MIC5018 has an internal Zener diode that limits
the gate-to-ground voltage to approximately 16V.
Lower supply voltages, such as 3.3V, produce lower
gate output voltages which will not fully enhance
standard MOSFETs. This significantly reduces the
maximum current that can be switched. Always refer to
the MOSFET data sheet to predict the MOSFET’s
performance in specific applications.

© 2021 Microchip Technology Inc. and its subsidiaries
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44 Logic-Level MOSFET

Logic-level N-channel MOSFETs are fully enhanced
with a gate-to-source voltage of approximately 5V and
generally have an absolute maximum gate-to-source
voltage of £10V.

+3.3V

4'7“F| MIC5018

<;|| Hvs G%erox.ov
th

Logico—H CTL GNDF— 5.7V

ngh To demonstrate
g this circuit, try
Voltages are approximate 33V|o 50, 5W or
: -

N . . 470, 1/4W
logic.ievel MOSFET foad resistors.
N/
FIGURE 4-3: Using a Logic-Level
MOSFET.

Refer to Figure 4-3 for an example showing nominal
voltages. The maximum gate-to-source voltage rating
of a logic-level MOSFET can be exceeded if a higher
supply voltage is used. An external Zener diode can
clamp the gate-to-source voltage as shown in
Figure 4-4. The Zener voltage, plus its tolerance, must
not exceed the absolute maximum gate voltage of the
MOSFET.

VSUPPLY

Logic-level
N-channel
MOSFET

MIC5018
€| Vs G
o—2

CTL GND

5V <V, < 10V

Protects gate of
logic-level MOSFET

FIGURE 4-4:

A gate-to-source Zener may also be required when the
maximum gate-to-source voltage could be exceeded
due to normal part-to-part variation in gate output
voltage.

Gate-to-Source Protection.

Other conditions can momentarily increase the
gate-to-source voltage, such as turning on a capacitive
load or shorting a load.

4.5 Inductive Loads

Inductive loads include relays, and solenoids. Long
leads may also have enough inductance to cause
adverse effects in some circuits.

+2.7V to +9V

MIC5018
4.7yF ,_T
<;| )—L VS G ]

4 1

o0—] CTL GND
o [~ 17

Schottky
& Diode

FIGURE 4-5:
Load.

Switching off an inductive load in a high-side
application momentarily forces the MOSFET source
negative (as the inductor opposes changes to current).
This voltage spike can be very large and can exceed a
MOSFET’s gate-to-source and drain-to-source ratings.
A Schottky diode across the inductive load provides a
discharge current path to minimize the voltage spike.
The peak current rating of the diode should be greater
than the load current.

Switching an Inductive

In a low-side application, switching off an inductive load
will momentarily force the MOSFET drain higher than
the supply voltage. The same precaution applies.

4.6 Split Power Supply

Refer to Figure 4-6. The MIC5018 can be used to
control a 12V load by separating the driver supply from
the load supply.

+5V +12V

4.7uF MIC5018 j‘\
<;| 2Avs G 315\; wrox. oV

. 4

ngh To demonstrate
this circuit, trya
40Q, 5W or
1000, 2W

load resistor.

Voltages are approximate 1 2V

* International Rectifier
logic-level MOSFET

R
[ Load |

FIGURE 4-6: 12V High-Side Switch.

A logic-level MOSFET is required. The MOSFET's
maximum current is limited slightly because the gate is
not fully enhanced. To predict the MOSFET’s
performance for any pair of supply voltages, calculate
the gate-to-source voltage and refer to the MOSFET
data sheet.

DS20006631A-page 10

© 2021 Microchip Technology Inc. and its subsidiaries



MIC5018

EQUATION 4-2:

VGS = VG —( VLDSUPPLY7 VDS)

VG is determined from the driver supply voltage using
Figure 2-4.

4.7 Low-Side Switch Configuration

The low-side configuration makes it possible to switch
a voltage much higher than the MIC5018’s maximum
supply voltage.

+80V
@
* International Rectifier
standalrd MOSFET To demonstrate
Bloss = 100V T | this circut, try
S | 35 Vaw
+2.7 to +9V - load resistors.
a.7pF | ,MICS018 IRF540°*
VS G [« N-channel
4 ’ MOSFET
o 0— CTL GND
o I
FIGURE 4-7: Low-Side Switch
Configuration.

The maximum switched voltage is limited only by the
MOSFET’s maximum drain-to-source ratings.

© 2021 Microchip Technology Inc. and its subsidiaries
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5.0 PACKAGING INFORMATION

5.1 Package Marking Information

4-Lead SOT-143*

(front) Example

XXX H10
4-Lead SOT-143*

(back) Example

NNN 723

Legend: XX...X Product code or customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01)
NNN Alphanumeric traceability code
@ Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (3)
can be found on the outer packaging for this package.

e, A, V Pin one 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.
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MIC5018

4-Lead SOT-143 Package Outline and Recommended Land Pattern

4-Lead Plastic Small Outline Transistor (RC) [SOT-143]
Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
E1 i
ﬁ X1 ’«
[l
|
= - -
SILK SCREEN j\ |
C
|
— |
| —
Y - i - -
|
|
— %
! E2
RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits MIN | NOM | MAX
Contact Pitch E1 1.90 BSC
Contact Pitch E2 1.60 BSC
Contact Width X1 0.60
Contact Width X2 1.00
Contact Length Y 1.30
Contact Pad Spacing C 2.10
Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing No. C04-2031A

© 2021 Microchip Technology Inc. and its subsidiaries
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MIC5018

4-Lead Plastic Small Outline Transistor (RC) [SOT-143]

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

— e/2 —

-

.

el— |l=—

\

P *
A r A2 .
i JjJ q’;J g
ar] N v T
= b2 — — 3X b L1 = L
Units MILLIMETERS

Dimension Limits|  MIN [ NOM [ MAX
Number of Pins N 4
Pitch e 1.92BSC
Lead 1 Offset el 0.20 BSC
Overall Height A 0.80 - 1.22
Molded Package Thickness A2 0.75 0.90 1.07
Standoff § A1 0.01 - 0.15
Overall Width E 2.10 - 2.64
Molded Package Width E1 1.20 1.30 1.40
Overall Length D 2.67 2.90 3.05
Foot Length L 0.13 0.50 0.60
Footprint L1 0.54 REF
Foot Angle ¢ 0° - 8°
Lead Thickness c 0.08 - 0.20
Lead 1 Width b1 0.76 - 0.94
Leads 2, 3 & 4 Width b 0.30 - 0.54

Notes:
1. § Significant Characteristic.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.25 mm per side.
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 C04-031B
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APPENDIX A: REVISION HISTORY

Revision A (December 2021)

* Converted Micrel document MIC5018 to Micro-
chip data sheet DS20006631A.

* Minor text changes throughout.
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NOTES:
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MIC5018

PRODUCT IDENTIFICATION SYSTEM

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

PART No. X XX XX Examples:
Device Junction Temp. Package Media Type a) MIC5018YM4-TR: MIC5018, —40°C to +85°C
Range Temp. Range, 4-Lead
SOT-143, 3000/Reel.
Device: MIC5018: 150mA Low Voltage pCap Linear
Regulator
Junction
Temperature Y = —40°C to +85°C

Range:
Note 1:  Tape and Reel identifier only appears in the
catalog part number description. This identifier is
Package: M4 = 4-Lead SOT-143 used for ordering purposes and is not printed on
the device package. Check with your Microchip

Sales Office for package availability with the
Media Type: -TR = 3000/Reel Tape and Reel option.

© 2021 Microchip Technology Inc. and its subsidiaries DS20006631A-page 17
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NOTES:

DS20006631A-page 18 © 2021 Microchip Technology Inc. and its subsidiaries



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.
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