MICROCHIP TB3315

Getting Started with the Complimentary Waveform
Generator (CWG)

Introduction

Author: Christopher Best, Microchip Technology Inc.

The Complementary Waveform Generator (CWG) peripheral generates Pulse-Width Modulated (PWM) waveforms
that can be used in a variety of applications, such as motor control or LED lighting. The CWG can produce up

to four output signals from a single selectable input source. The output signals can be used in several modes of
operation, such as Half Bridge or Full Bridge modes with dead-band control, Synchronous or Asynchronous Steering
modes, and Push-Pull mode. Each CWG output has its own independent polarity control, and may be routed to one
of several pins through the Peripheral Pin Select (PPS) module. Selectable Auto-Shutdown sources can be used to
immediately halt the CWG outputs during a fault condition, and allows the module to resume operation once the fault
condition has been removed.

Figure 1 shows the simplified block diagram of the CWG module.
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Figure 1. CWG Simplified Block Diagram
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Operating Modes
The CWG can operate in six different modes, which are selected through the CWG Mode (MODE) bits:
* Half Bridge mode
* Push-Pull mode
» Asynchronous Steering mode
* Synchronous Steering mode
* Full Bridge Forward mode
» Full Bridge Reverse mode

All modes accept a single-pulse input, and provide up to four outputs. All modes also include Auto-Shutdown control.

Important: Except in Full Bridge modes, mode changes must only be performed while the CWG Enable
(EN) bit is clear (EN = 0).

Half Bridge Mode

In Half Bridge mode, the CWG generates two output signals which are true and inverted versions of the input

signal (see Figure 1-1). A dead-band delay is inserted between the two outputs to prevent shoot-through current

in power supply applications. In Half Bridge mode, outputs CWGxA and CWGxB are complimentary. The unused
outputs CWGxC and CWGXxD are copies of outputs CWGxA and CWGXC, respectively. The polarity of each output is
controlled by the individual CWG Output Polarity (POLXx) bits of the CWGxCON1 register.

Important: Steering modes are not available in Half Bridge mode.

Figure 1-1. Half Bridge Waveform
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Push-Pull Mode

In Push-Pull mode, the CWG outputs two alternating copies of the selected input as shown in Figure 1-2 below.
The alternating signals create a push-pull effect, which is required for driving many transformer-based power supply
applications.
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The Push-Pull sequencer is reset whenever the CWG Enable (EN) bit of the CWGxCONO register is clear (EN = 0),
or if an Auto-Shutdown event occurs. The sequencer is clocked by the first input pulse, and the first output appears
on CWGKXA.

The unused outputs CWGxC and CWGXxD are copies of outputs CWGxA and CWGxB, respectively. The polarity of
each output is controlled by the individual CWG Output Polarity (POLx) bits of the CWGxCON1 register.

Important: Steering modes are not available in Push-Pull mode.

Figure 1-2. Push-Pull Mode Waveforms
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Full Bridge Mode

In Forward and Reverse Full Bridge modes, three outputs drive static values while the fourth is modulated by the
input data signal. The mode selection may be toggled between forward and reverse by toggling the MODE[0] bit

of the CWGxCONQO register while keeping the MODE[2:1] bits static, without disabling the CWG module. When
connected, as shown in Figure 1-3, the outputs are appropriate for a full bridge motor driver. Each CWG output signal
has independent polarity control, so the circuit can be adapted to high-active and low-active drivers.
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Figure 1-3. Example of Full Bridge Application
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In Forward Full Bridge mode (MODE = ‘b010), CWGXA is driven to its Active state, CWGxB and CWGxXC are driven
to their Inactive states, and CWGxD is modulated by the input signal, as shown in Figure 1-4.

In Reverse Full Bridge mode (MODE = ‘b011), CWGXC is driven to its Active state, CWGxA and CWGxD are driven
to their Inactive states, and CWGxB is modulated by the input signal, as shown in Figure 1-5.

In Full Bridge mode, the dead-band period is used when there is a switch from forward to reverse or vice versa.
This dead-band control is described in the Dead-Band Control section, with additional details in the Rising Edge and

Reverse Dead Band and Falling Edge and Forward Dead Band sections.

Important: Steering modes are not used with either of the Full Bridge modes.

© 2022 Microchip Technology Inc.
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Figure 1-4. Example of Full Bridge Forward Mode Output
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Figure 1-5. Example of Full Bridge Reverse Mode Output
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Note: A rising CWG data input creates a rising event on the modulated output.

1.31 Direction Change in Full Bridge Mode
In Full Bridge mode, changing the MODEJO0] bit controls the forward/reverse direction. Direction changes occur on the
next rising edge of the modulated input. The sequence, described as follows, is illustrated in Figure 1-6.
1. The associated active output CWGXA and the inactive output CWGXC are switched to drive in the opposite
direction.

2. The previously modulated output CWGKxD is switched to the Inactive state, and the previously inactive output
CWGXxB begins to modulate.

3.  CWG modulation resumes after the direction-switch dead band has elapsed.

© 2022 Microchip Technology Inc. Technical Brief DS90003315A-page 7
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Figure 1-6. Example of PWM Direction Change
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1.3.2 Dead-Band Delay in Full Bridge Mode
Dead-band delay is important when either of the following conditions is true:

« The direction of the CWG output changes when the duty cycle of the data input is at or near 100%.

» The turn-off time of the power switch, including the power device and driver circuit, is greater than the turn-on
time.

The dead-band delay is inserted only when changing directions, and only the modulated output is affected.
The statically-configured outputs (CWGxA and CWGxC) are not afforded dead band, and switch essentially
simultaneously.

Figure 1-7 shows an example of the CWG outputs changing directions from forward to reverse, at near 100% duty
cycle. In this example, at time t1, the output of CWGxA and CWGxD becomes inactive, while the output of CWGxC
becomes active. Since the turn-off time of the power devices is longer than the turn-on time, a shoot-through current
will flow through the power devices QC and QD (see Figure 1-3) for the duration of ‘Tgt’. The same phenomenon will
occur to power devices QA and QB for the CWG direction change from reverse to forward.

When changing the CWG direction, a high duty cycle is required for an application. Two possible solutions for
eliminating the shoot-through current are:

1. Reduce the CWG duty cycle for one period before changing directions.
2. Use switch drivers that can drive the switches off faster than they can drive them on.

© 2022 Microchip Technology Inc. Technical Brief DS90003315A-page 8
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Figure 1-7. Example of PWM Direction Change at Near 100% Duty Cycle
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Notes:
1. Ton is the turn-on delay of the circuit’s power switch QC and its driver.
2. Torr is the turn-off delay of the circuit’s power switch QD and its driver.

3. Tgris the circuit’s potential shoot-through current time due to both switches, QC and QD (Figure 1-3),
conducting simultaneously.

Steering Modes

In both Synchronous and Asynchronous Steering modes, the CWG Data can be steered to any combination of four
CWG outputs. A fixed value will be presented on all the outputs not used for the PWM output. Each output has
independent polarity, steering, and shutdown options.

For example, when the Steering Enable A (STRA) bit = 0, the corresponding pin is held at the level defined by the
Steering Data A (OVRA) bit. When STRA = 1, the pin is driven by the CWG Data signal. The Output Polarity (POLy)
bits control the signal polarity only when STRy = 1.

The CWG auto-shutdown operation also applies in Steering modes as described in the Auto-Shutdown section. An
auto-shutdown event will only affect pins that have STRy = 1.

© 2022 Microchip Technology Inc. Technical Brief DS90003315A-page 9
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Important: Dead-band control is not used in either Steering mode.

1.4.1 Synchronous Steering Mode

In Synchronous Steering mode (MODE = ‘b001), the changes to steering selection registers take effect on the next
rising edge of CWG Data (see Figure 1-8). In Synchronous Steering mode, the output will always produce a complete
waveform.

Important: Only the STRXx bits are synchronized with the CWG data; the OVRXx bits are not synchronized.

Figure 1-8. Synchronous Steering Mode Waveform
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1.4.2 Asynchronous Steering Mode

In Asynchronous Steering mode (MODE = ‘b000), steering takes effect at the end of the instruction cycle that writes
to STRx. In Asynchronous Steering mode, the output signal may be an incomplete waveform (see Figure 1-9). This
operation may be useful when the user firmware needs to immediately remove a signal from the output pin.

© 2022 Microchip Technology Inc. Technical Brief D890003315A-page 10
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Figure 1-9. Asynchronous Steering Mode Waveform
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143 Start-Up Considerations

The application hardware must use the proper external pull-up and/or pull-down resistors on the CWG output pins.
This is required because all I/O pins are forced to high-impedance at Reset.

The Polarity Control (POLy) bits allow the user to choose whether the output signals are active-high or active-low.

© 2022 Microchip Technology Inc. Technical Brief DS90003315A-page 11
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2. Input Selection

The CWG generates up to four complementary output waveforms using one of several selectable input sources.
Input selections are made using the CWG Data Input Source Select (ISM) bits of the CWGxISM register. Selections
include both internal signals, such as the output of a Pulse-Width Modulator (PWM) or Configurable Logic Cell (CLC),
and external signals, which are routed through the CWGxINPPS pin.

Important: When using an internal peripheral as the input source, the peripheral must be configured and
enabled before it can be used as an input to the CWG.

© 2022 Microchip Technology Inc. Technical Brief D890003315A-page 12
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3. Clock Source

The clock source is used to drive the dead-band timing circuits. The CWG module allows the following clock sources
to be selected:

*  Fosc (system clock)
+ HFINTOSC

Important: When the HFINTOSC is selected, the HFINTOSC will be kept running during Sleep.
Therefore, the CWG modes requiring dead-band can operate in Sleep, provided that the CWG data input
is also active during Sleep. The clock sources are selected using the CWG Clock Source Selection (CS)
bit.

© 2022 Microchip Technology Inc. Technical Brief DS90003315A-page 13
and its subsidiaries



4.1

4.2

4.3

TB3315
Dead-Band Control

Dead-Band Control

The dead-band control provides non-overlapping complementary outputs to prevent shoot-through current when the
outputs switch. The CWG contains two 6-bit dead-band counters, the CWGx Rising Dead-Band Count (CWGxDBR)
and CWGx Falling Dead-Band Count (CWGxDBF) registers. CWGXDBR is used for the rising edge of the input
source control in Half Bridge mode or for reverse direction change dead band in Full Bridge mode. CWGxDBF is
used for the falling edge of the input source control in Half Bridge mode or for forward direction change dead band in
Full Bridge mode.

Dead band is timed by counting CWG clock periods from zero up to the value in the rising or falling dead-band
counter registers.

Important: Dead-band operation is employed for Half Bridge and Full Bridge modes.

Dead-Band Functionality in Half Bridge Mode

In Half Bridge mode, the dead-band counters dictate the delay between the falling edge of the normal output and the
rising edge of the inverted output. This can be seen in Figure 1-1.

Dead-Band Functionality in Full Bridge Mode

In Full Bridge mode, the dead-band counters are used when undergoing a direction change. The MODEJ0] bit can

be set or cleared while the CWG is running, allowing for changes from Forward to Reverse mode. The CWGxA

and CWGKxC signals will change immediately upon the first rising input edge following a direction change, but the
modulated signals (CWGxB or CWGxD, depending on the direction of the change) will experience a delay dictated by
the dead-band counters.

Rising Edge and Reverse Dead-Band
In Half Bridge mode, the rising edge dead-band delays the turn-on of the CWGXA output after the rising edge of the

CWG data input. In Full Bridge mode, the reverse dead-band delay is only inserted when changing directions from
Forward mode to Reverse mode, and only the modulated output, CWGXB, is affected.

The CWGxDBR register determines the duration of the dead-band interval on the rising edge of the input source
signal. This duration is from 0 to 64 periods of the CWG clock. Figure 4-1 illustrates different dead-band delays for
rising and falling CWG Data events.

© 2022 Microchip Technology Inc. Technical Brief DS90003315A-page 14
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Figure 4-1. Rising Edge Dead-Band Operation, CWGxDBR = 0x08
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Dead-band is always initiated on the edge of the input source signal. A count of zero indicates that no dead-band is
present.

If the input source signal reverses polarity before the dead-band count is completed, then no signal will be seen on
the respective output.

The CWGxDBR register value is double-buffered. When the CWG Enable (EN) bit = 0, the buffer is loaded when
CWGxDBR is written. When EN = 1, the buffer will be loaded at the rising edge following the first falling edge of the
CWG Data, after the CWG Load Buffers (LD) bit is set.

Falling Edge and Forward Dead-Band

In Half Bridge mode, the falling edge dead-band delays the turn-on of the CWGxB output at the falling edge of the
CWG data input. In Full Bridge mode, the forward dead-band delay is only inserted when changing directions from
Reverse mode to Forward mode, and only the modulated output, CWGKxD, is affected.

The CWGxDBF register determines the duration of the dead-band interval on the falling edge of the input source
signal. This duration is from 0 to 64 periods of the CWG clock.

Dead-band delay is always initiated on the edge of the input source signal. A count of zero indicates that no
dead-band is present.

If the input source signal reverses polarity before the dead-band count is completed, then no signal will be seen on
the respective output.

© 2022 Microchip Technology Inc. Technical Brief D890003315A-page 15
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Figure 4-2. Falling Edge Dead-Band Operation, CWGxDBF = 0x08
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CWGxDBF = 0x08

The CWGXDBF register value is double-buffered. When EN = 0, the buffer is loaded when CWGxDBF is written.
When EN = 1, the buffer will be loaded at the rising edge following the first falling edge of the data input after the LD

bit is set.

Dead-Band Jitter

When the rising and falling edges of the input source are asynchronous to the CWG clock, it creates jitter in the
dead-band time delay. The maximum jitter is equal to one CWG clock period. Refer to the equations below for more

details.

Equation 4-1. Dead-Band Delay Time Calculation

1
TDEAD = BAND MIN = Ty oo * DBX
1
TDEAD — BAND_MAX = * (DBx+1)

Fewe_cLock

T1irTER = TDEAD — BAND_MAX — TDEAD — BAND_MIN

1

Tyrrer = CWG_CLOCK

TpeAD — BAND_MAX = TDEAD — BAND_MIN + TJITTER
Dead-Band Delay Example Calculation

DBx = 0x04 = 10

Fewe_cLock = 8 MHz

TJirTER = g, = 125ns

TDEAD — BAND_MIN = 125ns 10 = 1.25 us
TpEAD — BAND MAX = 1.25us +0.125 pus = 1.37 us
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Auto-Shutdown

Auto-shutdown is a method to immediately override the CWG output levels with specific overrides that allow for safe
shutdown of the circuit. The shutdown state can be either cleared automatically or held until cleared by software. The
auto-shutdown circuit is illustrated in the following figure.

Figure 5-1. CWG Shutdown Block Diagram
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The Shutdown state can be entered by either of the following two methods:

» Software Generated
* External Input

Software Generated Shutdown
Setting the CWG Auto-Shutdown Event Status (SHUTDOWN) bit will force the CWG into the Shutdown state.
When the auto-restart is disabled, the Shutdown state will persist as long as the SHUTDOWN bit is set.

When auto-restart is enabled, the SHUTDOWN bit will clear automatically and resume operation on the next rising
edge event. The SHUTDOWN bit indicates when a Shutdown condition exists. The bit may be set or cleared in
software or by hardware.

External Input Source

External shutdown inputs provide the fastest way to safely suspend CWG operation in the event of a Fault condition.
When any of the selected shutdown inputs goes active, the CWG outputs will immediately go to the selected override
levels without software delay. The override levels are selected by the CWGxB and CWGxD Auto-Shutdown State
Control (LSBD) and CWGxA and CWGxC Auto-Shutdown State Control (LSAC) bits. Several input sources can be
selected to cause a Shutdown condition. All input sources are active-low. The shutdown input sources are individually
enabled by the CWG Auto-Shutdown Source Enable (ASyE) bits.

Important: Shutdown inputs are level sensitive, not edge sensitive. The Shutdown state cannot be
cleared, except by disabling auto-shutdown, as long as the shutdown input level persists.

Pin Override Levels

The levels driven to the CWG outputs during an auto-shutdown event are controlled by the LSBD and LSAC bits. The
LSBD bits control CWGxB/D output levels, while the LSAC bits control the CWGxA/C output levels.

Auto-Shutdown Interrupts

When an Auto-Shutdown event occurs, either by software or hardware setting SHUTDOWN, the CWGKxIF flag bit of
the PIRx register is set. If the CWGKXIE bit is also set, an interrupt event will occur.

© 2022 Microchip Technology Inc. Technical Brief DS90003315A-page 17
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Auto-Shutdown Restart

After an Auto-Shutdown event has occurred, there are two ways to resume operation:

« Software controlled
* Auto-restart

In either case, the Shutdown source must be cleared before the restart can take place. That is, either the Shutdown
condition must be removed, or the corresponding ASyE bit must be cleared.

Auto-Restart

When the CWG Auto-Restart (REN) bit is set (REN = 1), the CWG module will restart from the Shutdown state
automatically.

Once all Auto-Shutdown conditions are removed, the hardware will automatically clear the SHUTDOWN bit. Once
SHUTDOWN is cleared, the CWG module will resume operation upon the first rising edge of the CWG data input.

Important: The SHUTDOWN bit cannot be cleared in software if the Auto-Shutdown condition is still
present.

Figure 5-2. Shutdown Functionality, Auto-Restart Enabled (REN = 1, LSAC = ‘b01, LSBD = ‘b01)
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Software-Controlled Restart

When the REN bit is clear (REN = 0), the CWG module must be restarted after an Auto-Shutdown event through
software.

Once all Auto-Shutdown sources are removed, the software must clear the SHUTDOWN bit. Once SHUTDOWN is
cleared, the CWG module will resume operation upon the first rising edge of the CWG data input.

Important: The SHUTDOWN bit cannot be cleared in software if the Auto-Shutdown condition is still
present.
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Figure 5-3. Shutdown Functionality, Auto-Restart Disabled (REN = 0, LSAC = ‘b01, LSBD = ‘b01)
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CWG Output

Each CWG output can be routed to a Peripheral Pin Select (PPS) output via the RxyPPS register. Refer to the device
datasheet’s “PPS - Peripheral Pin Select Module” chapter for more details.

Polarity Control

The polarity of each CWG output can be selected independently. Output polarity is selected with the CWG Output
Polarity (POLy) bits. When the output polarity bit is set, the corresponding output is active-high. Clearing the output
polarity bit configures the corresponding output as active-low. Polarity does not affect the override levels, Steering
mode options, or Auto-Shutdown functionality.

© 2022 Microchip Technology Inc. Technical Brief D890003315A-page 20
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Operation During Sleep

The CWG module operates independently from the system clock and will continue to run during Sleep, provided that
the clock and input sources selected remain active.

The HFINTOSC remains active during Sleep when all the following conditions are met:

« CWG module is enabled
* Input source is active
* HFINTOSC is selected as the clock source, regardless of the system clock source selected.
In other words, if the HFINTOSC is simultaneously selected as the system clock and the CWG clock source, when

the CWG is enabled and the input source is active, then the CPU will go Idle during Sleep, but the HFINTOSC will
remain active and the CWG will continue to operate. This will have a direct effect on the Sleep mode current.

Important: The system clock Fpgc is disabled in Sleep and thus dead-band control cannot be used.
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Conclusion

The Complementary Waveform Generator (CWG) peripheral generates Pulse-Width Modulated (PWM) waveforms.
The CWG can produce up to four output signals from a single selectable input source. The output signals can be
used in several modes of operation. Each CWG output has its own independent polarity control, and may be routed
to one of several pins through the Peripheral Pin Select (PPS) module. The Auto-Shutdown feature can be used to
immediately halt the CWG outputs during a fault condition and allow the module to resume operation once the fault
condition has been removed.
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The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

» Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip products:

» 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, within operating
specifications, and under normal conditions.

» Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium Copyright
Act.

* 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. Microchip is committed to continuously improving the code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including to design, test,

and integrate Microchip products with your application. Use of this information in any other manner violates these
terms. Information regarding device applications 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. Contact your
local Microchip sales office for additional support or, obtain additional support at www.microchip.com/en-us/support/
design-help/client-support-services.
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THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES 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 INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL 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 support 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.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeelLoq, Kleer, LANCheck,
LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB,
OptolLyzer, 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, TrueTime, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the
US.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, GridTime,
IdealBridge, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connectivity,
JitterBlocker, Knob-on-Display, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified
logo, MPLIB, MPLINK, MultiTRAK, NetDetach, NVM Express, NVMe, Omniscient Code Generation, PICDEM,
PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-
ICE, Serial Quad 1/0, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-I.S., storClad, SQI, SuperSwitcher,
SuperSwitcher Il, 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, Symmcom, and Trusted Time are registered
trademarks of Microchip Technology Inc. in other countries.

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

All other trademarks mentioned herein are property of their respective companies.
© 2022, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.
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Quality Management System

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