8 GHz Phase Frequency Detector IC with Dual 40 GHz @
Prescalers c\ MICROCHIP

Product Overview

The PFD1K is a high-frequency, phase frequency detector (PFD) with fully differential inputs and outputs. It
features dual 7-bit programmable high-speed prescalers which allow the PFD1K to operate up to 40 GHz for
the reference- and voltage-controlled oscillator input frequency. The 8 GHz phase frequency detector allows
operation at higher reference frequencies with concurrent lower phase noise and PLL figure of merit. The

PFD1K operates with a single positive or negative 3.3V supply, and is packaged in a 40-pin, 6 mm x 6 mm
Ceramic QFN package.

Key Features Functional Block Diagram

* 40 GHz reference and VCO input frequencies

REFP  REFN DRO vee
+ 7-bits Programmable 1 - 127 variable modulus prescalers
+ DC-8 GHz phase frequency detector operation pre=m PN
i Output
. . e . . . b
+  4-bits output voltage digital control with invert pin Rii0] 2| Programmable Stage
Integer Divider uPp
+  Single-ended or differential inputs and outputs Nl-127 Jav
8 GHz 4 bits
* 6 mm x 6 mm 40-Leads Ceramic QFN A[3:0] Phase Frequency A[3:0]
Detector
40GHz
Programmable DNP
VI6:01 O— Integer Divider Output
7ot | 112,127 Stage
DNN
4/4 bits
A[3:0]
VCOP VCON pvo VEE

Applications

The PFD1K can be used as a general purpose phase frequency detector

Phase Detector Characteristic (Divide Ratios: R=V=1)
(PFD) with integrated prescalers. It is ideally suited to phase locked loop

(PLL) applications. The prescalers can be programmed at a rate greater °“3:§ZZ.“3'“\Z '%‘SZE%"c'iep"::B”ZE‘?E“
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1.2

1.2.1

Power Sensitivity (dBm)

Electrical Performances
Typical Electrical Performance

Table 1-1. Typical Electrical Performance at +25 °C, —3.3V/130 mA and 50Q Terminations (unless otherwise
specified)

aramerer T e o |

Input reference frequency

Note: Minimum input 0.01 40 GHz
Input VCO frequency 0.01 40 GHz
Input reference power -10 0 +10 dBm
Input VCO power -10 0 +10 dBm
Differential output voltage 400 mVp-p
SSB phase noise at 10 kHz offset -153 dBc/Hz
Supply voltage -33 \Y
Supply current (divide-by-8) 130 mA

Typical Performance Curves

The following graphs show the typical performance curves of the device at +25 °C and + 3.3V (unless
otherwise indicated).

Prescaler Characteristics
The following graphs show the typical performance curves of the device at +25 °C and + 3.3V, unless
otherwise indicated.

Figure 1-1. Input Sensitivity vs. Temperature Figure 1-2. Input Sensitivity vs. Supply
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Figure 1-3. Diff. Output Voltage vs. Temp. (1 GHz & 0 dBm)
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Figure 1-5. Binary Divide-by-4 Configuration at 20 GHz Input
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Figure 1-4. Diff. Output Voltage vs. Temp. (1 GHz & 0 dBm)
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Figure 1-6. Binary Divide-by-8 Configuration at 20 GHz
Input Freq. (150 mV/div)
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The following graphs show the typical performance curves of the Prescaler device at +25 °C and +
3.3V (Unless otherwise indicated).
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Figure 1-7. Diff. Output Voltage vs. Frequency (0 dBm Pin)
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Figure 1-8. Diff. Output Voltage vs. Temp. (1 GHz & 0 dBm)
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Figure 1-10. Diff. Output Voltage when REF leads VCO
fREF > fVCO; fREF = 5 GHz; VCC =3.3V; T = 250C; Pin = 0 dBm; POL

Figure 1-9. Diff. Output Voltage vs. Temp. (1 GHz & 0 dBm)
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Figure 1-11. Diff. Output Voltage when REF laggs VCO
fVCO > fREF; fREF = 5 GHz; VCC =3.3V; T = 250C; Pin = 0 dBm; POL
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1.2.3  Phase Noise Characteristics
Figure 1-12. SSB Residual Phase Noise Performance: DivV = 4 & DivR =4
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1.3 Absolute Maximum Ratings
The following table shows the absolute maximum ratings of the PFD1K device at 25 °C, unless
otherwise specified. Exceeding one or any of the maximum ratings could potentially cause damage
or latent defects to the device.
Table 1-2. Absolute Maximum Ratings
Supply volgate (VCC - VEE) 4v
RF input power (INP, INN) +10dBm A
Operating temperature -40°Cto+85°C
Junction temperature +125°C ‘ % '\
Thermal resistance (junction to GND paddle) 20 °C/W
Storage temperature -65°Cto +150 °C ESD Sensitive Device
ESD sensitivity (HBM) Class 0
ESD sensitivity (CDM) Class 0
1.4 ESD Sensivity

Although SiGe ICs have robust ESD sensitivities, preventive ESD measures should be taken while
storing, handling, and assembling. Inputs are more ESD susceptible as they could expose the base
of a BJT or the gate of a MOSFET. For this reason, all the low-frequency inputs are protected with

ESD diodes. These inputs have been tested to withstand voltage spikes up to 100 V. For performance
reasons, the RF inputs are not protected with ESD diodes and the ESD sensitivity is higher
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2. Package Specifications

For additional packaging information, contact your Microchip sales representative.

Figure 2-1. Package Outline Drawing
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6 mm x 6 mm, 40L Air Cavity Ceramic QFN Package

Table 2-1. Package

Information

Plating

Ni/Au

Package body material Alumina

Table 2-2. I/0 Pad Description

PIN Number PIN Label PIN Description

34/35

17716

26/27

25/24

31
20
36,37,38,39,1, &2

15,14,13,12,11,10 &9

4,56&7
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REFP / REFN

VCOP / VCON

UPP / UPN

DNP / DNN

DRO
DVO

R[6:0]

V[6:0]

A[3:0]

Prescaler differential REF inputs,
positive/negative terminal

Prescaler differential VCO inputs,
positive/negative terminal

PFD differential UP output, postive/
negative terminal

PFD differential DN output, postive/
negative terminal

Single-ended divided REF output
Single-ended divided VCO output

REF prescaler divide ratio
VCO prescaler divide ratio

Diff. output voltage level control

7
%) &
4.50 SQ
[0.177]

CML signal levels
CML signal levels

CML output level set by output stage
level

CML output level set by output stage
level

CML output level, requires DC Pull-Up
CML output level, requires DC Pull-Up
3.3V CMOS levels, defaults to logic O if
open
3.3V CMOS levels, defaults to logic 0 if
open

3.3V CMOS levels, defaults to logic O if
open



........... continued

PIN Number PIN Label PIN Description

VAD] Diff. output voltage analog control From VEE to VCC, VCC for max output
30 VADR Divided REF output level control From VEE to VCC, VCC for max output
21 VADV Divided VCO output level control From VEE to VCC, VCC for max output
8 POL Polarity of phase detector 3.3V CMOS levels, defaults to logic O if

open

32,19, 23 &28 VCC1, VCC2, Positive power supply +3.3V at 500 mA

VCC3 & VCC4
33,18,22 & 29 VEE1, VEE2, VEE3 Negative power supply Ground

& VEE4
PKG Backside DC/RF ground
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Theory of operation
Overiew

The Programmable Prescaler divide the REF and VCO input frequencies to the PFD frequency
(comparison frequency).

The REF input divide ratio R is determined as follows:

R=REC+RE™ +RE™+ RE3+ RE 2+ BRI+ RS

where R6 thru RO have values of 0 or 1. (All bits set to 0 results in a divide ratio of 1.) Similarly, the
divide ratio for the VCO input is set by V6 thru VO.

The core phase frequency detector can be operated up to a reference frequency of 8 GHz. The
output of the phase frequency detector drives two programmable output buffers. The amplitudes
of the up and down pulses can be controlled digitally by setting A[3:0]. There is also an analog
adjustment at the VADJ* pin.

The divided reference and VCO signals may be monitored at the DRO and DVO outputs respectively.
Analog adjustments, VADV* and VADR*, can be used to control the amplitudes of DVO and DRO, or
to disable DVO and DRO in order to reduce power consumption. With the exception of DRO and
DVOQ, all of the RF inputs and outputs of the Prescaler are fully differential CML-compatible levels so
that they are easy to interface with other logic.

Output Voltage Control

The Programmable Prescaler outputs are differential CML outputs with 100Q terminations. With this
design, the up and down pulse width can be as small as 100 ps. The output pulses are digitally
programmable with a 4-bit parallel interface. The maximum output current is 12 mA, which will
produce a pulse of 1200 mVpp into the internal 100Q termination resistor. When the output is
terminated with a 50Q load, the parallel impedance of 100Q and 50Q results in a 33Q load, which
reduces the output to 400 mVpp. In addition to the digital control, there is an analog output level
control voltage, VAD], which can be used for fine control of the output current. The maximum output
current of 12 mA occurs when VAD] is set to VCC (which is the normal mode of operation). Logic 1 on
the POL control input reverses the polarity of the PFD outputs.
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Figure 3-1. Simplified Output Circuit

UP_IN_p

vCC

§ R=100

§ R=100

UP_IN_n

Yy \

Ay

VEE

GD I1=1.2to 12 mA

_UPN

UPP

@ MICROCHIP

11



Control Logic Circuitry

The same circuitry is used for all control lines: A[0:3], R[0:6], V[0:6] and POL. A control pin left open
defaults to logic 0.

Figure 3-2. Simplified Control Logic Input
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Analog Amplitude Controls

VAD] can be used for fine tuning the output current. Maximum current is achieved by setting VAD)
to VCC. Similarly, the amplitudes of the prescaler outputs at DRO and DVO can be controlled with
analog voltages VADR and VADV, respectively. As with VAD], setting VADR and VADV to VCC results in
maximum output amplitude.

Table 3-1. Control Voltage (LVTTL Compatible)

1 (high) VCC-1.3V VCC VCC
0 (low) VEE VEE VEE + 0.8V
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4, Evaluation PCB

Figure 4-1. MMFEB21PP6/PFD1K Evaluation PCB

VAD] : Output Stage analog control VADR : Divided Ref Output analog control
if VADIJ dip switch is in the open position i i itch is i iti
425V OP-AMP ( p pen p ) (if VADR dip switch is in the open position)

Suppl -
PP’y Z CENTELLAX, Inc

PFDIK U3 POS EUJ
-5V OP-AMP @ 582 Revool

Supply
Remote /O interface (J11)
(Qpen the dip switches before VADV : Divided VCO output analog control
using external I/O control) (if VADV dip switch is in the open position)

A\ CAUTION

+25V and -5V supply. If not turned on, it will damage the phase detector

VCC supply voltage must be positive. The +3.3V must be turned on first before applying the

@ MICROCHIP
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Figure 4-2. Eval PCB DIP Switch

PFD Polarity Switch
VADV : Divided VCO output analog control (Enable = Reverse the VADJ : Output Stage analog control
(if VADV dip switch is in the open position) PFD output Polarity) (if VADJ dip switch S2-position 2 is in open position)

VADR : Divided Ref Output
analog control.

VADYV Output : . .
. (if VADR dip switch
level switch N e
is in the open position)
control

=5-.L 3 Shieni
§  eesssss  ssess sesssss

VADR output level
switch control

Open S|de Open side ’ Open side

ll""" él'lllllé ““\\“

EfGEESHa Enak e side Enable side

VCO Divider Modulus control Output level switch control Ref Divider Modulus
enable switch (V0-V6, MSB=V6) (Aor_)A3, MSB=A3) \;[:V?t'l}? ;gﬁ?rtollevel control enable switch
(RO-R6, MSB=R6)
Figure 4-3. Remote I/0 pin configuration (J11)
AN T
[ 1 2 RO X
Rl X 3 4 R2 X
BRI X 3 6 R4 X
By X 7 8 B6 X
Al X Q 10 Al X
A2 X 11 12 Al X
POL X 3 [ 14 Ve X
Vi X 15 16 V4 X
Vi X 17 18 V2 X
V1 X 19 20 Vo X
NC 21 Eﬁ NC
NC £2 = };-\H-c
0878312420

Turn On Sequence

Attention: Please take caution of static damage as the evaluation board and the
phase detector device are both sensitive to static discharge.

1. If RFinputs/outputs are used in single-ended configuration, terminate unused inputs/outputs
with 50Q loads.

2. Apply a +3.3V supply (VCC) to the evaluation board (J17, SMA (f) connector) for the divider/phase
detector.

@ MICROCHIP

14



Warning: In order to avoid damaging the device, +3.3V supply must be turned on

A\ CAUTION before turning on the op-amp bias voltages (+25V and -5V).

3. Apply a +25V supply to the evaluation board (J19, SMA (f) connector) for the op-amp.
Apply a -5V supply to the evaluation board (J18, SMA (f) connector) for the op-amp.

5. Use on-board dip switches to adjust the Reference and VCO divide ratios.
Note: All zeros is a default divide by 1.

Switch Settings (Open = 0, Close = 1) Division Ratio Output
1

VCO (S3) V6 V5 V4 V3 V2 V1 VO (V6=MSB)| REF (S1) R6 R5 R4 R3 R2 R1 RO (R6=MSB)

0000001 0000001
1000000 1000000 1/64
1111111 1111111 1127

6. Apply RF signals at the inputs (REFP/REFN and VCOP/VCON, 2.9 mm (f) connectors).

7. Set the dip switches VADV (part of S3, VCO) and VADR (part of S1, REF) to the disable (open)
position. Adjust the VADV potentiometer to control the desired VCO divider's output amplitude
and adjust the VADR potentiometer to control the desired REF divider's output amplitude.

The divided RF output signals can be viewed at the DRO port (REF) and at the DVO port (VCO)
using a spectrum analyzer or oscilloscope. Those connectors are 2.9 mm (f).

8. For maximum output swing on the prescalers, set the dip switches VADV and VADR to the close
position (i.e., set the VADV and VADR voltage levels to the same voltage as VCC). Note that while
in logic 1 on the dip switch of VADV and VADR, the VADV and VADR potentiometers will have no
effect on the prescalers’ output swing voltage.

9. The output stage has a digital adjustment which scales the current. For example, if VADJ is ON
(S2 dip switch’s position 2 is set to CLOSE/ON) and A0 to A3 (S2) are all set to ON (i.e., logic 1),
then the maximum current will be 12 mA. The A3-A0 switch of S2 settings allows the value to be
adjusted as follows:

Switch Settings (S2, Open = 0, Close = 1) A3 A2 A1 A0 (A3=MSB)| Output Stage Current

0000 0 mA
0001 0.75 mA
0010 1.5 mA
1M 12 mA

10. Or to control the output of the level manually using the VAD] potentiometer, then settle VADJ
dip switch’s (S2) position 2 to OPEN and then use the VAD] potentiometer to adjust the desired
output current swing.

11. The POL dip switch (S2) - position 7 (see Figure 3), allows the polarity of the PFD to be reversed.
This is useful to unlock the loop momentarily.

12. The PFD output can be viewed at UPP/UPN and DWP/DWN connectors (SMP plug (m)) using a
spectrum analyzer or oscilloscope. 8 GHz is the maximum frequency output. See 5. Application
Note section for additional info.

13. Optional: The divide ratio of the prescaler and the output current of the phase frequency
detector can also be programmed through (J11), (a 24-pin Molex connector interface,mfg
pn 87831-2420), using an external programming device, see Figure 2. If using an external
programming device, set the on-board dip switches (S1: RO-R6, S2: A0-A3 and POL, and S3:V0-V6)
to the open position first before making connection to the external programming device.
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Note: Do not use both on-board divider modulus control/output level control (Dip
Switches) and the external I/0 interfaces (J11) at the same time.

Input voltage levels for I/O control lines:

Logic Levellwinimum| Typical Waimu

1(high)  VCC-1.3V VCC  VCC
0 (low) VEE VEE  VEE +0.8V

14. The evaluation board also included an integrator (op-amp circuitry, if the option is loaded), which
generates a Vtune error voltage output signal at the Vtune port (2.9 mm (f) connector). This
signal can be viewed using a spectrum analyzer or oscilloscope. See 5. Application Note section
for additional information.

This error voltage represented the phase frequency difference between the REF and VCO input
signals (~10 MHz signal, the average of this signal is the VCO's DC error correction voltage).

15. Refer to MMFEB21PP6 and PFD1K datasheets for performance specifications.
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5. Application Note

1. All of the controls on the evaluation board are brought out to a Molex test connector (J11) for
programmability. A OV to +3.3V TTL signal can be used to override the dip switches (except for
the VADV, VADR, and VAD]J switches). Set those dip switch positions to OFFand apply a+3.3V TTL
signal (i.e., a logic “High” level) to the test header.

2. The evaluation board has an OP AMP to drive a Varactor VCO oscillator with a OV-to-20V tuning
voltage (see Figure 4). Make sure that the proper NO-LOAD resistors are installed to enable the
OP AMP circuitry (refer to the schematic in Figure 5) and make sure that a -5VEE and+25VCC
supply are connected. The -5V and +25V supplies are not needed if the OP AMP integrator
circuitry is not needed.

If evaluating the PFD output circuit (i.e., UPN/UPP and DNP/DNN outputs), make sureR12, R14,
R24 and R26 (0Q) resistors are loaded. Also remove R17 and R21 (200Q) resistors. If not, those
two resistors (R17 and R21) will load down the phase detector output circuit. However, it is okay
to leave them in place during the evaluation if the output level is not a concern.

If using the Vtune (op-amp) output (J10) for evaluation, terminate the UPN/UPP and DNP/DNN
output ports with 50Q load to minimize reflection. This action will also lower the output
amplitude signal level by a small amount.

3. Figure 4 shows a block diagram of the MMFEB21PP6/PFD1K phase frequency detector and the
VCO errorvoltage integrator circuit (if loaded) that is part of the evaluation board.

4, A schematic of the evaluation board is included on the next page ().

Figure 5-1. Block Diagram for MMFEB21PP6/PFD1K Eval PCB Including Loop Filter and VCO Op-Amp
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Figure 5-2. Schematic of the MMFEB21PP6/PFD1K Eval PCB
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6. Ordering, Shipping, and Handling

6.1 Handling Recommendations

Integrated Circuits are sensitive to electrostatic discharge (ESD) and can be damaged by Static
Electricity. It is recommended to follow all procedures and guidelines outlined in Datasheet.

6.2 Ordering Information
For additional ordering information, contact your Microchip sales representative.

Part Number Package Note

PFD1K 6 mm x 6 mm, 40L Air Cavity Ceramic QFN NiAu Plating Finish

PFD1K-Sn63 6 mm x 6 mm, 40L Air Cavity Ceramic QFN Sn63Pb27 Plating Finish (Gold Removal by J-STD-001)
PFD1KE PFD1K Eval PCB

6.3 Packing Information

Part Number Description

PFD1K/TR Tape and Reel

Note: Contact your Microchip sales representative for the minimum quantity order
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7. Revision History

Table 7-1. Revision History

B 06/2023 Document migrated from Microsemi
template to Microchip template. .

Initial release (Microsemi Revision A) SMD-00191 Rev D Document created
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Microchip Information
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
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Product Identification System

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales
office.

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.

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, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer,
LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST,
MOST logo, MPLAB, OptoLyzer, 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.

22

@ MICROCHIP


https://www.microchip.com/en-us/support/design-help/client-support-services
https://www.microchip.com/en-us/support/design-help/client-support-services

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec,
Hyper Speed Control, HyperLight Load, Libero, motorBench, mTouch, Powermite 3, Precision Edge,
ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet- Wire, SmartFusion, SyncWorld, Temux, TimeCesium,
TimeHub, TimePictra, TimeProvider, TrueTime, 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, Clockstudio, 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, IntelliMOS, Inter-Chip Connectivity, JitterBlocker,
Knob-on-Display, KoD, 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 1/0, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-L.S., storClad, SQI,
SuperSwitcher, SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, Trusted Time, 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.

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

All other trademarks mentioned herein are property of their respective companies.
© 2023, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.
ISBN:

AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE, Cordio, CoreLink, CoreSight, Cortex,
DesignStart, DynamlQ, Jazelle, Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore,
Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-PLUS, ULINKpro, pVision, Versatile
are trademarks or registered trademarks of Arm Limited (or its subsidiaries) in the US and/or
elsewhere.

Quality Management System

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