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Product Change Notification / SYST-08VLIV229

Date: 

09-Oct-2020

Product Category: 

Power Management - Power Switches

PCN Type: 

Document Change

Notification Subject: 

Data Sheet - MIC94161/2/3/4/5 Data Sheet

Affected CPNs: 

SYST-08VLIV229_Affected_CPN_10092020.pdf
SYST-08VLIV229_Affected_CPN_10092020.csv

Notification Text: 

SYST-08VLIV229

Microchip has released a new Product Documents for the MIC94161/2/3/4/5 Data Sheet of devices. If you are using one of these devices 
please read the document located at MIC94161/2/3/4/5 Data Sheet.

Notification Status: Final

Description of Change: 1) Converted Micrel document MIC94161/2/3/4/5 to Microchip data sheet template DS20006439A. 
2) Minor grammatical text changes throughout.

Impacts to Data Sheet: None

Reason for Change: Conversion of Micrel datasheet to Microchip datasheet conventions.

Change Implementation Status: Complete

Date Document Changes Effective: 09 Oct 2020

NOTE: Please be advised that this is a change to the document only the product has not been changed.

Markings to Distinguish Revised from Unrevised Devices: N/A

https://www.microchip.com/mymicrochipapi/api/pcn/DownloadPcnDocument?pcnId=14765&affectedcpns=pdf
https://www.microchip.com/mymicrochipapi/api/pcn/DownloadPcnDocument?pcnId=14765&affectedcpns=xls
https://www.microchip.com/webdata/api/Document/DownloadDocumentsForFileHandlerByContentId?contentId=en580394


Attachments: 

MIC94161/2/3/4/5 Data Sheet

Please contact your local Microchip sales office with questions or concerns regarding this notification. 

Terms and Conditions:

If you wish to receive Microchip PCNs via email please register for our PCN email service at our PCN 
home page select register then fill in the required fields. You will find instructions about registering for 
Microchips PCN email service in the PCN FAQ section.  

If you wish to change your PCN profile, including opt out, please go to the PCN home page select login 
and sign into your myMicrochip account. Select a profile option from the left navigation bar and make 
the applicable selections.
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MIC94161/2/3/4/5

Features

 RDS(ON)

+125°C

Applications

General Description

The MIC94161, MIC94162, MIC94163, MIC94164, and
MIC94165 are a family of high-side load switches
designed to operate from 1.7V to 5.5V input voltage.
The load switch pass element is an internal 14.5 m
RDS(ON) N-Channel MOSFET that enables the device
to support up to 3A of continuous current. Additionally,
the load switch supports 1.5V logic level control and
shutdown features in a tiny 1.5 mm × 1 mm 6-ball
WLCSP package.

The MIC94161/2/3/4/5 provide reverse current
protection when the device is disabled. The device will
not allow the flow of current from the output to the input
when the device is turned OFF. Additionally, the
MIC94161 features overvoltage protection to protect
the load when the input voltage is above 4.55V, as well
as a precise enable threshold that keeps the MIC94161
in the default OFF state until the EN pin rises above
1.15V.

The MIC94161/2/3/4/5 operating voltage range makes
them ideal for Lithium-ion and NiMH/NiCad/Alkaline
battery powered systems, as well as non battery
powered applications. The devices provide low
quiescent current and low shutdown current to
maximize battery life.

Package Type

MIC94161/2/3/4/5
6-Ball WLCSP (CS)

(Top View)
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3A High-Side Load Switch with Reverse Blocking
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Typical Application Circuits

MIC94161 (2.7 ms SOFT-START WITH OVP)
MIC94163 (ULTRA-FAST TURN-ON)
MIC94165 (2.7 ms SOFT-START)
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1.0 ELECTRICAL CHARACTERISTICS

Input Voltage (VIN) ..............................................................................................................................

Enable Voltage (VEN) ..............................................................................................................................

Continuous Drain Current (ID) (Note 1).......................................................................................................................±3A

ESD Rating (Note 2) .................................................................................................................................................. 2 kV

Input Voltage (VIN) .................................................................................................................................... +1.7V to +5.5V

Notice:
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.

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

Note 1: With thermal contact to PCB (see Application Information).

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

ELECTRICAL CHARACTERISTICS

Electrical Characteristics: TA = +25°C. Bold  TA  +125°C, unless noted.

Parameter Sym. Min. Typ. Max. Units Conditions

General

Operating Input Voltage 
Range

VIN 1.7 5.5

Enable Threshold Voltage 
(MIC94161)

VENTH

1.15 1.5 V VIN = 1.7V to 5.5V, IOUT = 250 A

Enable Threshold Voltage 
(MIC94162/3/4/5)

0.375

V

Logic Low, OFF; VIN = 1.8V to 
5.5V; IOUT = 250 A; 

C  TJ  +85C

1.2
Logic High, ON; VIN = 1.7V to 
5.5V; IOUT = 250 A; 

C  TJ  +85C

Enable Input Current IEN IN = VEN = 3.6V; IOUT = 0

Quiescent Current (MIC94161) IQ 80 µA VIN = VEN = 3.6V; IOUT = 0

Quiescent Current 
(MIC94162/3)

IQ 55 µA VIN = VEN = 3.6V; IOUT = 0

Quiescent Current 
(MIC94164/5)

IQ 35 µA VIN = VEN = 3.6V; IOUT = 0

Shutdown Current ISD IN = 5.5V; VEN = 0V; IOUT = Open

OFF State Leakage Current ILEAK IN = 5.5V; VEN = 0V; IOUT = Short

Reverse Leakage Current
(MIC94161/3/5)

ILEAKR IN = 0V; VOUT = 5.5V; VEN = 0V
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N-Channel ON-Resistance RDS(ON) m

VIN = 5.5V; VEN = 1.5V; IOUT = 3A

IN = 4.5V; VEN = 1.5V; IOUT = 3A

IN = 3.6V; VEN = 1.5V; IOUT = 3A

IN = 2.7V; VEN = 1.5V; IOUT = 3A

IN = 1.8V; VEN = 1.5V; IOUT = 3A

IN = 1.7V; VEN = 1.5V; IOUT = 3A

Overvoltage Protection 
Threshold (MIC94161)

VOVP 4.5 4.75 5 V VIN = VEN; IOUT = 0; VIN rising

Active Discharge Resistance
(MIC94162/4)

RAD 400
VIN = 3.6V; ITEST = 1 mA; 
VEN = 0V

Timing Characteristics

Turn-On Delay Time 
(MIC94162/3)

tON
VIN = 3.6V; RLOAD = 1.2 ;
COUT = 200 F; VEN = 1.5V

Turn-On Rise Time 
(MIC94162/3)

tR
VIN = 3.6V; RLOAD = 1.2 ;
COUT = 200 F; VEN = 1.5V

Turn-On Delay Time 
(MIC94161/4/5)

tON
VIN = 3.6V; RLOAD = 1.2 ;
COUT = 200 F; VEN = 1.5V

Turn-On Rise Time 
(MIC94161/4/5)

tR
VIN = 3.6V; RLOAD = 1.2 ;
COUT = 200 F; VEN = 1.5V

Turn-Off Delay Time tOFF
VIN = 3.6V; RLOAD = 1.2 ;
COUT = 200 F; VEN = 1.5V

Turn-Off Fall Time tF
VIN = 3.6V; RLOAD = 1.2 ;
COUT = 200 F; VEN = 1.5V

TEMPERATURE SPECIFICATIONS 

Parameters Sym. Min. Typ. Max. Units Conditions

Temperature Ranges

Junction Temperature Range TJ Note 1

Storage Temperature Range TS

Package Thermal Resistance

Thermal Resistance, WLCSP 6-Ball JA

Note 1: Sustained junction temperatures above +125°C can impact the device reliability.

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Characteristics: TA = +25°C. Bold  TA  +125°C, unless noted.

Parameter Sym. Min. Typ. Max. Units Conditions



 2020 Microchip Technology Inc. DS20006439A-page 5

MIC94161/2/3/4/5

Timing Diagrams

FIGURE 1-1: Output Voltage Rise and Fall Time Measurements.

FIGURE 1-2: Output Voltage Turn On and Turn Off Measurements.
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2.0 TYPICAL OPERATING CHARACTERISTICS

FIGURE 2-1: ON Resistance vs. 
Temperature.

FIGURE 2-2: Voltage Drop vs. Output 
Current.

FIGURE 2-3: RDS(ON) vs. Input Voltage.

FIGURE 2-4: Enable Threshold vs. Input 
Voltage (MIC94162/3/4/5).

FIGURE 2-5: Enable Threshold vs. 
Temperature (MIC94162/3/4/5).

FIGURE 2-6: Enable Threshold vs. Input 
Voltage (MIC94161).

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 2-7: Quiescent Current vs. Input 
Voltage (MIC94161).

FIGURE 2-8: Quiescent Current vs. Input 
Voltage (MIC94162/3).

FIGURE 2-9: Quiescent Current vs. Input 
Voltage (MIC94164/5).

FIGURE 2-10: Quiescent Current vs. 
Temperature (MIC94161).

FIGURE 2-11: Quiescent Current vs. 
Temperature (MIC94162/3).

FIGURE 2-12: Quiescent Current vs. 
Temperature (MIC94164/5).
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FIGURE 2-13: OVP Threshold vs. 
Temperature (MIC94161).

FIGURE 2-14: tON Delay vs. Input Voltage 
(MIC94162/3).

FIGURE 2-15: Rise Time vs. Input Voltage 
(MIC94162/3).

FIGURE 2-16: tON Delay vs. Input Voltage 
(MIC94161/4/5).

FIGURE 2-17: MIC94162/3 Start-Up 
(IOUT = 1A).

FIGURE 2-18: MIC94162/3 Start-Up 
(IOUT = 3A).
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FIGURE 2-19: MIC94161/4/5 Start-Up 
(IOUT = 1A).

FIGURE 2-20: MIC94161/4/5 Start-Up 
(IOUT = 3A).

FIGURE 2-21: MIC94164 Auto Discharge.
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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

A1, B1 VOUT Source of N-channel MOSFET.

C1 GND Ground.

A2, B2 VIN Input Supply: Drain of N-channel MOSFET.

C2 EN
Enable (Input): Active-high control input for switch. Internal 2 M  pull-down resistor. 
Output will be off if this pin is left floating.



 2020 Microchip Technology Inc. DS20006439A-page 11

MIC94161/2/3/4/5

4.0 FUNCTIONAL DESCRIPTION

The MIC94161/2/3/4/5 is a family of high-side load
switches designed to operate from 1.7V to 5.5V input
voltage. The load switch pass element is an internal
14.5 m  RDS(ON) N-Channel MOSFET that enables
the device to support up to 3A of continuous current.
Additionally, the load switch supports 1.5V logic level
control and shutdown features in a tiny 1.5 mm × 1 mm
6-ball WLCSP package.

The MIC9416x provides reverse current protection
when the device is disabled. The device will not allow
the flow of current from the output to the input when the
device is turned OFF. Additionally, the MIC94161
features overvoltage protection to protect the load
when the input voltage is above 4.55V, as well as a
precise enable threshold that keeps the MIC94161 in
the default OFF state until the EN pin rises above
1.15V.

The MIC94162/3 features rapid turn on for applications
that require a quick startup time. The MIC94161/4/5
provides a slew rate controlled soft-start turn-on of
2.7 ms. The soft-start feature is provided to prevent an
in-rush current event from pulling down the input supply
voltage.

The MIC94162/4 feature an active load discharge
circuit that switches in a 200  load when the switch is
disabled to automatically discharge a capacitive load.

An active pull-down on the enable input keeps the
MIC94161/2/3/4/5 in a default OFF state until the
enable pin is pulled above 1.2V. Internal level shift
circuitry allows low voltage logic signals to switch
higher supply voltages. The enable voltage can be as
high as 5.5V and is not limited by the input voltage.

4.1 Power Switch SOA

The safe operating area (SOA) curve represents the
boundary of maximum safe operating current and
maximum safe operating junction temperature.

Figure 4-1 illustrates the SOA for various input
voltages, with the package mounted on a typical 1
layer, 1 square inch copper board.

FIGURE 4-1: Safe Operating Area (SOA) 
Graph.

4.2 Power Dissipation Considerations

As with all power switches, the current rating of the
switch is limited mostly by the thermal properties of the
package and the PCB it is mounted on. There is a
simple ohms law type relationship between thermal
resistance, power dissipation and temperature, which
are analogous to an electrical circuit:

FIGURE 4-2: Simple Electrical Circuit.

From this simple circuit we can calculate VX if we know
ISOURCE, VZ and the resistor values RXY and RYZ using
Equation 4-1:

EQUATION 4-1:

Thermal circuits can be considered using these same
rules and can be drawn similarly by replacing current
sources with power dissipation (in watts), resistance
with thermal resistance (in °C/W) and voltage sources
with temperature (in °C).

















          

 










VX ISOURCE RXY RYZ+ VZ+=
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FIGURE 4-3: Simple Thermal Circuit.

Replacing the variables in the equation for VX, one can
find the junction temperature (TJ) from power
dissipation, ambient temperature, and the known
thermal resistance of the PCB (R CA) and the package
(R JC).

PDISS is calculated as ISW
2 × RSW(MAX). R JC is found

in the operating ratings section of the data sheet and
R CA (the PCB thermal resistance) values for various
PCB copper areas is discussed in the document
Designing with Low Dropout Voltage Regulators.

Example:

A switch is intended to drive a 3A load and is placed on
a printed circuit board which has a ground plane area
of at least 25 mm × 25 mm (625 mm2). The voltage
source is a Li-ion battery with a lower operating
threshold of 3V and the ambient temperature of the
assembly can be up to 80°C.

Summary of variables:

SW = 3A

IN = 3V to 4.2V

A = 80°C

JA = 108°C/W

DISS = ISW
2 x RSW

The worst case switch resistance (RSW) at the lowest
VIN of 3V is not available in the data sheet, so the next
lower value of VIN is used, as shown in Equation 4-2:

EQUATION 4-2:

If this were a figure for worst case RSW for 25°C, an
additional consideration is to allow for the maximum
junction temperature of 125°C, in this case can be 30%
higher Figure 2-1:

EQUATION 4-3:

This is below the maximum of 125°C.

RSW@2.7V 21m=

RSW MAX 27m=

Therefore:

TRISE = ((3A)2 x 27m ) x 108°C/W = 26.2°C

TJ = TRISE + TA = 26.2°C + 80°C = 106.2°C
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5.0 PACKAGING INFORMATION

5.1 Package Marking Information

Note: The two-character code in the first line of the package marking is different for each device. MIC94161 (1Q),
MIC94162 (2Q), MIC94163 (3Q), MIC94164 (4Q), and MIC94165 (ZQ).

 









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)

NNN 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.

, , 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 ( ) symbol may not be to scale.
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6-Ball WLCSP Package Outline and Recommended Land Pattern

 
 
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APPENDIX A: REVISION HISTORY

Revision A (October 2020)

Microchip data sheet template DS20006439A.
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM

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

Examples:

6-Ball WLCSP, 3,000/Reel

6-Ball WLCSP, 3,000/Reel

6-Ball WLCSP, 3,000/Reel

6-Ball WLCSP, 3,000/Reel

6-Ball WLCSP, 3,000/Reel

Device:

MIC94161: 3A High-Side Load Switch with Reverse 
Blocking, OVP, and Soft-Start

MIC94162: 3A High-Side Load Switch with Reverse 
Blocking, Ultra-Fast Turn-On, and Auto-
Discharge

MIC94163: 3A High-Side Load Switch with Reverse 
Blocking and Ultra-Fast Turn-On

MIC94164: 3A High-Side Load Switch with Reverse 
Blocking, Soft-Start, and Auto-Discharge

MIC94165: 3A High-Side Load Switch with Reverse 
Blocking and Soft-Start

Temperature 
Range:

Package: CS = 6-Ball 1.5 mm x 1.0 mm WLCSP

Media Type: TR = 3,000/Reel

Note 1: 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.

Device X XX -XX

Part No. Temperature
Range

Package Media Type



MIC94161/2/3/4/5

DS20006439A-page 18  2020 Microchip Technology Inc.

NOTES:
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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 FOR A
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

OR ITS 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.
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Note the following details of the code protection feature on Microchip devices:

ontained in their particular Microchip Data Sheet.

re when used in the intended manner and under normal conditions. 

 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. 
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onductor 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 
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other copyrighted work, you may have a right to sue for relief under that Act.
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