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F28M35x Concerto™ Microcontrollers
1 Features * Up to 64KB of shared RAM

Master Subsystem — Arm® Cortex®-M3

— Upto 100 MHz

— Embedded memory
» Up to 512KB of flash (ECC)
* Up to 32KB of RAM (ECC or parity)
» Up to 64KB of shared RAM
+ 2KB of IPC Message RAM

— Five Universal Asynchronous Receiver/
Transmitters (UARTSs)

— Four Synchronous Serial Interfaces (SSls) and
a Serial Peripheral Interface (SPI)

— Two Inter-integrated Circuits (12Cs)

— Universal Serial Bus On-the-Go (USB-OTG) +
PHY

— 10/100 ENET 1588 Ml

— Two Controller Area Network, D_CAN, modules
(pin-bootable)

— 32-channel Micro Direct Memory Access
(UDMA)

— Dual security zones (128-bit password per
zone)

— External Peripheral Interface (EPI)

— Micro Cyclic Redundancy Check (UCRC)
module

— Four general-purpose timers

— Two watchdog timer modules

— Three external interrupts

— Endianness: little endian

Clocking

— On-chip crystal oscillator and external clock
input

— Dynamic Phase-Locked Loop (PLL) ratio
changes supported

1.2-V digital, 1.8-V analog, 3.3-V I/O design

Interprocessor Communications (IPC)

— 32 handshaking channels

— Four channels generate IPC interrupts

— Can be used to coordinate transfer of data
through IPC Message RAMs

Up to 74 individually programmable, multiplexed

General-Purpose Input/Output (GPIO) pins

— Gilitch-free I1/0Os

Control Subsystem — TMS320C28x 32-bit CPU

— Upto 150 MHz

— C28x core hardware built-in self-test

— Embedded memory
* Up to 512KB of flash (ECC)
* Up to 36KB of RAM (ECC or parity)

+ 2KB of IPC Message RAM

— |EEE-754 single-precision Floating-Point Unit
(FPU)

— Viterbi, Complex Math, CRC Unit (VCU)

— Serial Communications Interface (SCI)

- SPI

- 12C

— 6-channel Direct Memory Access (DMA)

— Nine Enhanced Pulse Width Modulator (ePWM)
modules
* 18 outputs (16 high-resolution)

— Six 32-bit Enhanced Capture (eCAP) modules

— Three 32-bit Enhanced Quadrature Encoder
Pulse (eQEP) modules

— Multichannel Buffered Serial Port (McBSP)

- EPI

— One security zone (128-bit password)

— Three 32-bit timers

— Endianness: little endian

Analog Subsystem

— Dual 12-bit Analog-to-Digital Converters
(ADCs)

— Upto 2.88 MSPS

— Up to 20 channels

— Four Sample-and-Hold (S/H) circuits

— Up to six comparators with 10-bit Digital-to-
Analog Converter (DAC)

Package

— 144-Pin RFP PowerPAD™ Thermally Enhanced
Thin Quad Flatpack (HTQFP)

Temperature options:

— T:-40°C to 105°C Junction

— S:-40°C to 125°C Junction

— Q:—40°C to 125°C Free-Air
(AEC Q100 qualification for automotive
applications)

2 Applications

Automated sorting equipment
CNC control

Central inverter

String inverter

AC drive control module
Servo drive control module
AC-input BLDC motor drive
DC-input BLDC motor drive
Industrial AC-DC

Three phase UPS

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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3 Description

The Concerto family is a multicore system-on-chip microcontroller unit (MCU) with independent communication
and real-time control subsystems. The F28M35x family of devices is the first series in the Concerto family.

The communications subsystem is based on the industry-standard 32-bit Arm Cortex-M3 CPU and features
a wide variety of communication peripherals, including Ethernet 1588, USB OTG with PHY, Controller Area
Network (CAN), UART, SSI, 12C, and an external interface.

The real-time control subsystem is based on TI's industry-leading proprietary 32-bit C28x floating-point CPU
and features the most flexible and high-precision control peripherals, including ePWMs with fault protection, and
encoders and captures—all as implemented by TI's TMS320C2000™ Entry performance MCUs and Premium
performance MCUs. In addition, the C28-CPU has been enhanced with the addition of the VCU instruction
accelerator that implements efficient Viterbi, Complex Arithmetic, 16-bit FFTs, and CRC algorithms.

A high-speed analog subsystem and supplementary RAM memory is shared, along with on-chip voltage
regulation and redundant clocking circuitry. Safety considerations also include Error Correction Code (ECC),
parity, and code secure memory, as well as documentation to assist with system-level industrial safety
certification.

Device Information

PART NUMBER(") PACKAGE BODY SIZE
F28M35H52CRFP HTQFP (144) 20.0 mm x 20.0 mm
F28M35H22CRFP HTQFP (144) 20.0 mm x 20.0 mm
F28M35M52CRFP HTQFP (144) 20.0 mm x 20.0 mm
F28M35E20BRFP HTQFP (144) 20.0 mm x 20.0 mm

(1)  For more information on these devices, see Mechanical, Packaging, and Orderable Information.
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3.1 Functional Block Diagram
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A. Some peripherals are not available on the F28M35Mx and F28M35Ex devices.

Figure 3-1. Functional Block Diagram

Copyright © 2017, Texas Instruments Incorporated

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: F28M35H52C F28M35H52C-Q1 F28M35H22C F28M35M52C F28M35M22C
F28M35E20B


https://www.ti.com
https://www.ti.com/product/F28M35H52C
https://www.ti.com/product/F28M35H52C-Q1
https://www.ti.com/product/F28M35H22C
https://www.ti.com/product/F28M35M52C
https://www.ti.com/product/F28M35M22C
https://www.ti.com/product/F28M35E20B
https://www.ti.com/lit/pdf/SPRS742
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS742L&partnum=F28M35H52C
https://www.ti.com/product/f28m35h52c?qgpn=f28m35h52c
https://www.ti.com/product/f28m35h52c-q1?qgpn=f28m35h52c-q1
https://www.ti.com/product/f28m35h22c?qgpn=f28m35h22c
https://www.ti.com/product/f28m35m52c?qgpn=f28m35m52c
https://www.ti.com/product/f28m35m22c?qgpn=f28m35m22c
https://www.ti.com/product/f28m35e20b?qgpn=f28m35e20b

F28M35H52C, F28M35H52C-Q1, F28M35H22C I3 TEXAS

F28M35M52C, F28M35M22C, F28M35E20B INSTRUMENTS
SPRS742L — JUNE 2011 — REVISED FEBRUARY 2021 www.ti.com
Table of Contents
TFEAtUres.........ooiiiiii 1 8.6 Master Subsystem NMIS..........ccccoeeiiiiiiiiiiiiieee 170
2 Applications.............ccooiiiiiiii 1 8.7 Control Subsystem NMIs...........ccccoeviieiiniiiiiiieee 170
3 DeSCription...........oooiiiiiiii 2 8.8 RESELS ... 171

3.1 Functional Block Diagram..........cccccceeervieiiiiieennieennns 3 8.9 Internal Voltage Regulation and Power-On-
4 Revision History............ccccooiie 5 Reset Functionality..........cccccoviniiiiiiiiiiee e 176
5 Device COMPAriSON............ccociiiiiiiiiiiiie e 6 8.10 Input Clocks and PLLS..........cccccovvieeiiiiiiiieecne, 179
5.1 Related Products..........ccccoeiiiiiiiiiicieceeeecc 8 8.11 Master Subsystem Clocking..........ccccecvvverineennnnen. 189
6 Terminal Configuration and Functions......................... 9 8.12 Control Subsystem Clocking..........cccccevivieeinieenne 193
6.1 Pin Diagram........ccooceiiiiiieiiiieeeee e 9 8.13 Analog Subsystem Clocking...........cccceevveeeinineennne 195
6.2 Signal Descriptions..........ccovviiiiieiinieeee e 11 8.14 Shared Resources Clocking..........cccecvveenieeeinnenn. 195
7 Specifications...........cccccooviiiiiii 31 8.15 Loss of Input Clock (NMI Watchdog Function)......195
7.1 Absolute Maximum Ratings..........ccccceveviieeninicnnen. 31 8.16 GPIOs and Other Pins..........ccoccvviiiieiiiiieciieee 196
7.2 ESD Ratings — Automotive...........ccccovciiiniieiiiiicee 31 8.17 EMulation/JTAG......c.oeviiiiieeiie e 21
7.3 ESD Ratings — Commercial...........cccocevevrieininiennnnen. 31 8.18 Code Security Module.............ccceevvieiiiiiiiiiecee 213
7.4 Recommended Operating Conditions....................... 32 8.19 HCRC Module.........cocveiiiiiiiiiiieee e 216
7.5 Power Consumption Summary..........ccccocveeeenveennneen. 33 9 Applications, Implementation, and Layout............... 217
7.6 Electrical Characteristics...........ccccovveeeniiiiiiieeeiieenn 41 9.1 Tl Reference Design........ccccoovveeiiiiiieiiiiicniee e 217
7.7 Thermal Resistance Characteristics for RFP 10 Device and Documentation Support........................ 218
PowerPAD Package.........cccocvveiiieeiiiiee e 42 10.1 Device and Development Support Tool
7.8 Thermal Design Considerations............cccccovvveeenneenn. 42 Nomenclature............cooovciiiiiieie e 218
7.9 Timing and Switching Characteristics....................... 43 10.2 Tools and Software..........cccccoviviiiieeiniieecce 219
7.10 Analog and Shared Peripherals...............cccccconeee. 62 10.3 Documentation SuppOrt.........ccocveeeiiiieriieeniieeens 220
7.11 Master Subsystem Peripherals............ccccociennneen. 97 10.4 Trademarks. ........cocouviiiieiiiiiee e 221
7.12 Control Subsystem Peripherals............c.cccccovieene 114 10.5 Support RESOUrCES.........coovveeeiiieeiiic e 221
8 Detailed Description..............ccooceiiiiiiiiiiieceee 144 10.6 Electrostatic Discharge Caution...............cccceeuee. 222
8.1 Memory Maps.......ccccviiiieiiiiieeeee e 145 T0.7 GlOSSANY...ccueiiiiiieeeeeee et 222
8.2 Identification..........ccccvviiiiiiii 156 11 Mechanical, Packaging, and Orderable
8.3 Master Subsystem...........cccociviiiiiinie 157 Information...............cccooii i 223
8.4 Control Subsystem..........ccocvviriiiiiiiiee e 163 11.1 Packaging Information............ccccocveeeriiiiniienennenn. 223
8.5 Analog Subsystem........ccccceeeviiiiiiiieer e 167

4 Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: F28M35H52C F28M35H52C-Q1 F28M35H22C F28M35M52C F28M35M22C
F28M35E20B


https://www.ti.com/product/F28M35H52C
https://www.ti.com/product/F28M35H52C-Q1
https://www.ti.com/product/F28M35H22C
https://www.ti.com/product/F28M35M52C
https://www.ti.com/product/F28M35M22C
https://www.ti.com/product/F28M35E20B
https://www.ti.com/lit/pdf/SPRS742
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS742L&partnum=F28M35H52C
https://www.ti.com/product/f28m35h52c?qgpn=f28m35h52c
https://www.ti.com/product/f28m35h52c-q1?qgpn=f28m35h52c-q1
https://www.ti.com/product/f28m35h22c?qgpn=f28m35h22c
https://www.ti.com/product/f28m35m52c?qgpn=f28m35m52c
https://www.ti.com/product/f28m35m22c?qgpn=f28m35m22c
https://www.ti.com/product/f28m35e20b?qgpn=f28m35e20b

I3 TEXAS F28M35H52C, F28M35H52C-Q1, F28M35H22C

INSTRUMENTS F28M35M52C, F28M35M22C, F28M35E20B
www.ti.com SPRS742L — JUNE 2011 — REVISED FEBRUARY 2021

4 Revision History
Changes from June 23, 2020 to February 1, 2021 (from Revision K (June 2020) to Revision L

(February 2021)) Page

LI AV [0 (Yo B I == T N[ T g 7T 0

o Table 5-1: Added Q1 Part NUMDELS. .......coouuieeeeee ettt et e e e e e e e e e e et e e e e e e eraaneeeseesanns 6

o Figure 10-1: Added GPN iNfOrMation..........oouiiiiiii e e s 218
Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 5

Product Folder Links: F28M35H52C F28M35H52C-Q1 F28M35H22C F28M35M52C F28M35M22C
F28M35E20B


https://www.ti.com
https://www.ti.com/product/F28M35H52C
https://www.ti.com/product/F28M35H52C-Q1
https://www.ti.com/product/F28M35H22C
https://www.ti.com/product/F28M35M52C
https://www.ti.com/product/F28M35M22C
https://www.ti.com/product/F28M35E20B
https://www.ti.com/lit/pdf/SPRS742
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS742L&partnum=F28M35H52C
https://www.ti.com/product/f28m35h52c?qgpn=f28m35h52c
https://www.ti.com/product/f28m35h52c-q1?qgpn=f28m35h52c-q1
https://www.ti.com/product/f28m35h22c?qgpn=f28m35h22c
https://www.ti.com/product/f28m35m52c?qgpn=f28m35m52c
https://www.ti.com/product/f28m35m22c?qgpn=f28m35m22c
https://www.ti.com/product/f28m35e20b?qgpn=f28m35e20b

F28M35H52C, F28M35H52C-Q1, F28M35H22C /f

F28M35M52C, F28M35M22C, F28M35E20B
SPRS742L — JUNE 2011 — REVISED FEBRUARY 2021

TEXAS
INSTRUMENTS

www.ti.com

5 Device Comparison

Table 5-1 lists the features of the F28M35x devices.

Table 5-1. Device Comparison

FEATURE TYPE" H:25§-%1 H22C M52C M22C E20B
Master Subsystem — Arm Cortex-M3
Speed (MHz)? - 100 100 75 75 60
Flash (ECC) (KB) - 512 256 512 256 256
RAM (ECC) (KB) - 16 16 16 16 16
RAM (Parity) (KB) - 16 16 16 16 16
IPC Message RAM (Parity) (KB) - 2 2 2 2 2
Security Zones - 2 2 2 2 2
10/100 ENET 1588 MII 0 Yes Yes Yes Yes No
USB OTG FS 0 Yes Yes Yes Yes No
SSI/SPI 0 4 4 4 4 4
UART 0 5 5 5 5 5
12C 0 2 2 2 2 2
CAN® 0 2 2 2 2 2
uDMA 0 32-ch 32-ch 32-ch 32-ch 32-ch
EPI? 0 1 1 1 1 1
WCRC module 0 1 1 1 1 1
General-Purpose Timers — 4 4 4 4 4
Watchdog Timer modules - 2 2 2 2 2
Control Subsystem — C28x
Speed (MHz)? 150 150 75 75 60
FPU Yes
VCU Yes
Flash (ECC) (KB) 512 256 512 256 256
RAM (ECC) (KB) 20 20 20 20 20
RAM (Parity) (KB) 16 16 16 16 16
IPC Message RAM (Parity) (KB) 2 2 2 2 2
Security Zones 1 1 1 1 1
ePWM modules 2 9: 18 outputs
High-Resolution PWM (HRPWM) outputs 2 16 outputs
eCAP modules/PWM outputs 0 6 (32-bit)
eQEP modules 0 3 (32-bit)
Fault Trip Zones - 12 on any of 64 GPIO pins
McBSP/SPI 1 1 1 1 1 1
SCI 0 1 1 1 1 1
SPI 0 1 1 1 1 1
12C 0 1 1 1 1 1
DMA 0 6-ch 6-ch 6-ch 6-ch 6-ch
EPI? 0 1 1 1 1 1
32-Bit Timers - 3 3 3 3 3
Shared
Shared RAM (Parity) (KB) 64 64 64 64 0
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Table 5-1. Device Comparison (continued)

1) H52C
FEATURE TYPE H52C-Q1 H22C M52C M22C E20B
Msps® 2.88 2.88 2.88 2.88 2.31
12.Bit ADC 1 Conversion Time® 3 347 ns 347 ns 347 ns 347 ns 433 ns
-Bi
Channels 10 10 10 10 10
Sample-and-Hold 2 2 2 2 2
MspPs® 2.88 2.88 2.88 2.88 2.31
12.Bit ABC 2 Conversion Time" 3 347 ns 347 ns 347 ns 347 ns 433 ns
-Bi
Channels 10 10 10 10 10
Sample-and-Hold 2 2 2 2 2
Comparators with Integrated DACs 0 6 6 6 6 6
Voltage Regulator Yes — Uses 3.3-V Single Supply (3.3-V/1.2-V recommended for 125°C)
Clocking See Section 8.10
Additional Safety
Master Subsystem 2 Watchdogs, NMI Watchdog: CPU, Memory
Control Subsystem NMI Watchdog: CPU, Memory
Shared Critical Register and I/O Function Lock Protection; RAM Fetch Protection
Packaging
Package Type mfgi'; RFP PowerPAD Yes Yes Yes Yes Yes
T: —-40°C to 105°C - Yes Yes Yes Yes Yes
%grrf;:rr;ture (T) S: —40°C to 125°C - Yes Yes Yes Yes Yes
J
Q: —40°C to 150°C" - Yes No No No No
Free-Air . o o6
Temperature (T) Q: -40°C to 125°C - Yes No No No No

(1)  Atype change represents a major functional feature difference in a peripheral module. Within a peripheral type, there may be minor
differences between devices that do not affect the basic functionality of the module. These device-specific differences are listed in the
C2000 Real-Time Control Peripherals Reference Guide and in the peripheral reference guides.

(2) The maximum frequency at which the Cortex-M3 core can run is 100 MHz. The clock divider before the Cortex-M3 core can only take
values of /1, /2, or /4. For this reason, when the C28x is configured to run at the maximum frequency of 150 MHz, the fastest allowable
frequency for the Cortex-M3 is 75 MHz. If the Cortex-M3 is configured to run at 100 MHz, the maximum frequency of the C28x is
limited to 100 MHz.

(3) The CAN module uses the popular IP known as D_CAN. This document uses the names “CAN” and “D_CAN” interchangeably to
reference this peripheral.

(4) Single EPI arbitrated between masters in Master and Control Subsystems.

(5) Aninteger divide ratio must be maintained between the C28x and ADC clock frequencies. All MSPS and Conversion Time values are
based on the maximum C28x clock frequency.

(6) "Q"refers to AEC Q100 qualification for automotive applications.

Table 5-2. Possible Speed Combinations for Cortex-M3 and C28x Cores

Cortex-M3 75 MHz 100 MHz 75 MHz 60 MHz
C28x 150 MHz 100 MHz 75 MHz 60 MHz
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5.1 Related Products
For information about other devices in this family of products, see the following link:

F28M36x Concerto™ Microcontrollers

The F28M3x series of microcontrollers brings together connectivity and control by combining an Arm Cortex-M3
core with the C28x core on to one device. With F28M3x, applications such as solar inverters and industrial
control can keep the benefits of separating the communication and control portions while maintaining a single-
chip solution. In addition, F28M3x microcontrollers enable safety certifications in your system through enhanced
hardware and safety features.

The F28M36x family of devices is the second series in the Concerto family.

TMS320F2838x Microcontrollers With Connectivity Manager

The TMS320F2838x is a powerful 32-bit floating-point microcontroller unit (MCU) designed for advanced closed-
loop control applications. The F2838x supports a dual-core C28x architecture along with a new Connectivity
Manager that offloads critical communication tasks, significantly boosting system performance. The integrated
analog and control peripherals with advanced connectivity peripherals like EtherCAT and Ethernet also let
designers consolidate real-time control and real-time communications architectures, reducing requirements for
multicontroller systems.
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6 Terminal Configuration and Functions
6.1 Pin Diagram

Figure 6-1 shows the 144-pin RFP PowerPAD Thermally Enhanced Thin Quad Flatpack pin assignments.

MmO ~ o < W0 WD 0 N
SCoF 08 8888000 9
oo g [ oo o
20009990 0290 o 2 o o 5K 389999990 49
8BB8B88Pr8x 8855 By 8- 80 8552§‘@8§E$E%8EE 888
>S>>>000>>>00>X>XS>SZ>SHFRFRWU-FFLUoaanoaoan>>a
( O OWUFTOANT ODOMNOULTONTODNDONOWTOHONTO®DONOLTN )
eeggegegemmmmmmmmmmwoooooooocoooeoooool\r\r\r\r\r\r\
GPI10135/cOMP50UT™ = 100 72 |== PG5_GPI045
GPIO134 —1—] 110 71 |=— PG2_GPIO42
GPIO133/COMP40OUT 1 111 70 —1— PG6_GPIO46
GPIO132/COMP30OUT 1T} 112 69 |—T1 PF6_GPIO38
VREG18EN —1—] 113 68 | —T 1 PD7_GPIO23
ADC1INB7 T} 114 67 = Vppio
ADC1INB4 —T—{ 115 66 == Vpp12
ADC1INB3 T 116 65 |—1T—1 PD4_GPIO20
ADC1INBO T} 117 64 |—1T— PD5_GPIO21
Vgsag = 118 63 [—T— PJO_GPIO56
Vopat T 119 62 |—T—1 PJ1_GPIO57
ADC1Vggpyy I 120 61 [—T—1 PJ2_GPIO58
ADC1INAO T 121 60 —1T— PJ3_GPIO59
ADC1INA2 T 122 59 =T Vppio
ADC1INA3 I 123 58 =T Vpp1p
ADC1INA4 T 124 57 |—1— PJ4_GPIO60
ADC1INAG 1] 125 56 f—r—— PJ5_GPIO61
ADC1INA7 1] 126 55 T Vi
ADC2INA7 1] 127 54 T Vppo
ADC2INA6 —1—] 128 53 |—1— PJ6_GPIO62
ADC2INA4 1T 129 52 11 PG7_GPIO47
ADC2INA3 —1—] 130 51 |—1T— PF5_GPIO37
ADC2INA2 —1—] 131 50 —1— PG1_GPIO41
ADC2INAO 1T} 132 49 |11 PGO0_GPIO40
ADC2Vgepy, I 133 48 [T PF4_GPIO36
Vppap T 134 47 |11 PH5_GPIO53
Vggp, T 135 46 =T PH4_GPIO52
ADC2INBO C—T—] 136 45 1T PE1_GPIO25
ADC2INB3 —I—] 137 44 T Vpppo
ADC2INB4 T 138 43 [T PEO_GPIO24
ADC2INB7 —1T—] 139 42 [—1— PH1_GPIO49
GPI10128 —1—] 140 41 |—1— PHO_GPIO48
GPI0129/COMP10OUT —1—] 141 40 |—— PC7_GPIO71
GPI0130/COMP60OUT —1—] 142 39 [—1T— PC6_GPIO70
GPI0131/COMP20UT —1—{ 143 38 |—1—1 PC5_GPIO69
ARS T 144 37 |11 PC4_GPIO68
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A. All'l/Os, except for GPIO135, are glitch-free during power up and power down. See Section 8.11.

B. See Section 6.2.1, Signal Descriptions, for the complete multiplexed signal names.

Figure 6-1. 144-Pin RFP PowerPAD Thermally Enhanced Thin Quad Flatpack (Top View)
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Note

The exposed lead frame die pad of the PowerPAD package serves two functions: to remove heat from
the die and to provide ground path for the digital ground (analog ground is provided through dedicated
pins). Thus, the PowerPAD should be soldered to the ground (GND) plane of the PCB because this
will provide both the digital ground path and good thermal conduction path. To make optimum use of
the thermal efficiencies designed into the PowerPAD package, the PCB must be designed with this
technology in mind. A thermal land is required on the surface of the PCB directly underneath the body
of the PowerPAD. The thermal land should be soldered to the exposed lead frame die pad of the
PowerPAD package; the thermal land should be as large as needed to dissipate the required heat.
An array of thermal vias should be used to connect the thermal pad to the internal GND plane of
the board. See PowerPAD™ Thermally Enhanced Package for more details on using the PowerPAD
package.
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6.2 Signal Descriptions

Section 6.2.1 describes the signals.

6.2.1 Signal Descriptions

TERMINAL(") PU OUTPUT
RFP I1o/iz? DESCRIPTION or BUFFER
NAME PIN NO. PD” STRENGTH
ADC 1 Reference Inputs, Analog Comparator Inputs, DAC Inputs, AIO Group 1
| [ Etr i Refeence - used onywhen
ADC1Vrerio see Vs | A ADC extemal eference mode.
ADC1INAO 121 | ADC1 Group A, Channel 0 input
ADC1INA2 | ADC1 Group A, Channel 2 input
COMPA1 122 | Comparator Input A1 4 mA
AlO2 110 Digital AlIO2
ADC1INA3 123 | ADC1 Group A, Channel 3 input
ADC1INA4 | ADC1 Group A, Channel 4 input
COMPA2 124 | Comparator Input A2 4 mA
AlO4 110 Digital AlO4
ADC1INAG | ADC1 Group A, Channel 6 input
COMPA3 125 | Comparator Input A3 4 mA
AlIO6 110 Digital AIO6
ADC1INA7 126 | ADC1 Group A, Channel 7 input
ADC1INBO 117 | ADC1 Group B, Channel 0 input
ADC1INB3 116 | ADC1 Group B, Channel 3 input
ADC1INB4 | ADC1 Group B, Channel 4 input
COMPB2 115 | Comparator Input B2 4 mA
AlO12 lfe} Digital AlIO12
ADC1INB7 114 | ADC1 Group B, Channel 7 input
ADC 2 Reference Inputs, Analog Comparator Inputs, DAC Inputs, AIO Group 2
| [Aoc e i Reference~used onywhen
ADC2Vrerio see Vssua | A ADC extemal eference mode.
ADC2INAO 132 | ADC2 Group A, Channel 0 input
ADC2INA2 | ADC2 Group A, Channel 2 input
COMPA4 131 | Comparator Input A4 4 mA
AlO18 lfe} Digital AIO18
ADC2INA3 130 | ADC2 Group A, Channel 3 input
ADC2INA4 | ADC2 Group A, Channel 4 input
COMPA5 129 | Comparator Input A5 4 mA
AlO20 110 Digital AlIO20
ADC2INAG | ADC2 Group A, Channel 6 input
COMPAG 128 | Comparator Input A6 4 mA
AlO22 110 Digital AlO22
ADC2INA7 127 | ADC2 Group A, Channel 7 input
ADC2INBO 136 | ADC2 Group B, Channel 0 input
ADC2INB3 137 | ADC2 Group B, Channel 3 input
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TERMINAL(")

PU OUTPUT
RFP 1oiz” DESCRIPTION or BUFFER
NAME PIN NO. PD” STRENGTH
ADC2INB4 | ADC2 Group B, Channel 4 input
COMPB5 138 | Comparator Input B5 4 mA
AlO28 110 Digital AlIO28
ADC2INB7 139 | ADC2 Group B, Channel 7 input
ADC Modules Analog Power and Ground
Vv 119 3.3-V Analog Module 1 Power Pin. Tie with
DDA1 a 2.2-yF capacitor (typical) close to the pin.
Vv 134 3.3-V Analog Module 2 Power Pin. Tie with
DDA2 a 2.2-yF capacitor (typical) close to the pin.
Vv 118 Analog ground for ADC1, ADC1VRgfLo, COMP1—
SSAt 3, and DAC1-3
Vv 135 Analog ground for ADC2, ADC2VRgfFLo, COMP4—
SSA2 6, and DAC4-6
Analog Comparator Results (Digital) and GPIO Group 2 (C28x Access Only)
GPI10128 140 1/0 General-purpose input/output 128 PU 4 mA
GPI10129 1/0 General-purpose input/output 129
141 PU 4 mA
COMP10OUT (0] Compare result from Analog Comparator 1
GPIO130 1/0 General-purpose input/output 130
142 PU 4 mA
COMP60OUT (0] Compare result from Analog Comparator 6
GPIO131 1/0 General-purpose input/output 131
143 PU 4 mA
COMP20OUT (0] Compare result from Analog Comparator 2
GPI10132 1/0 General-purpose input/output 132
112 PU 8 mA
COMP30UT (0] Compare result from Analog Comparator 3
GPIO133 1/0 General-purpose input/output 133
111 PU 4 mA
COMP40UT O Compare result from Analog Comparator 4
GPIO134 110 1/0 General-purpose input/output 134 PU 4 mA
GP10135" 1/0 General-purpose input/output 135
109 PU 8 mA
COMP50UT (0] Compare result from Analog Comparator 5
GPIO Group 1 and Peripheral Signals
PAO_GPIO0 1/0/Z2 General-purpose input/output 0
M_UORX | UART-O receive data
M_I2C1SCL 5 /0D 12C-1 clock open-drain bidirectional port PU 4 mA
M_U1RX | UART-1 receive data
C_EPWM1A (0] Enhanced PWM-1 output A
PA1_GPIO1 1/0/Z2 General-purpose input/output 1
M_UOTX (0] UART-0 transmit data
M_I12C1SDA /0D 12C-1 data open-drain bidirectional port
M_U1TX 6 O UART-1 data transmit PU 4 mA
M_SSI1FSS I/0 SSI-1 frame
C_EPWM1B (0] Enhanced PWM-1 output B
C_ECAP6 110 Enhanced Capture-6 input/output
PA2_GPI02 1/0/Z2 General-purpose input/output 2
M_SSIOCLK I/0 SSI-0 clock
7 ) ) PU 4 mA
M_MIITXD2 (0] EMAC MII transmit data bit 2
C_EPWM2A O Enhanced PWM-2 output A
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TERMINAL(")

PU OUTPUT
RFP 110/12? DESCRIPTION or BUFFER
NAME PIN NO. PD” STRENGTH
PA3_GPIO3 1/0/Z2 General-purpose input/output 3
M_SSIOFSS 1/0 SSI-0 frame
M_MIITXD1 ) EMAC MII transmit data bit 1
M_SSI1CLK 8 I/0 SSI-1 clock PU 4 mA
C_EPWM2B (0] Enhanced PWM-2 output B
C_ECAP5 1/0 Enhanced Capture-5 input/output
PA4_GPI104 1/0/Z2 General-purpose input/output 4
M_SSIORX | SSI-0 receive data
M_MIITXDO 9 O EMAC MII transmit data bit 0 PU 4 mA
M_CANORX | CAN-O0 receive data
C_EPWM3A O Enhanced PWM-3 output A
PA5_GPIO5 1/0/Z2 General-purpose input/output 5
M_SSIOTX O SSI-0 transmit data
M_MIIRXDV | EMAC MII receive data valid
M_CANOTX 12 (0] CAN-0 transmit data PU 4 mA
C_EPWM3B (0] Enhanced PWM-3 output B
C_MFSRA | McBSP-A receive frame sync
C_ECAP1 110 Enhanced Capture-1 input/output
PA6_GPIO6 1/0/Z2 General-purpose input/output 6
M_I2C1SCL I/OD 12C-1 clock open-drain bidirectional port
o |CopueCompere
M_MIIRXCK | EMAC MIl receive clock
M_CANORX 13 | CAN-O receive data PU 4 mA
0 |0 e pover e
M_MIITXD3 O EMAC MII transmit data bit 3
C_EPWM4A (0] Enhanced PWM-4 output A
C_EPWMSYNCO (0] Enhanced PWM-4 external sync pulse
PA7_GPIO7 1/10/1Z General-purpose input/output 7
M_I12C1SDA /0D 12C-1 data open-drain bidirectional port
o | o Comp s
M_MIIRXER | EMAC MII receive error
M_CANOTX (0] CAN-0 transmit data
M_CCP3 14 o %‘gf}‘ggﬁ%":&fg’.ﬁgg)3 PU 4mA
M_USBOPFLT | |(optionally usedmthe host mode)
M_MIIRXD1 | EMAC MIl receive data 1
C_EPWM4B O Enhanced PWM-4 output B
C_MCLKRA | McBSP-A receive clock
C_ECAP2 I/0 Enhanced Capture-1 input/output
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TERMINAL(")

PU OUTPUT
RFP 110/12? DESCRIPTION or BUFFER
NAME PIN NO. PD" STRENGTH

PBO_GPIO8 1/0/Z2 General-purpose input/output 8
M_CGRO 10| Generatpurpese Timer)
M_U1RX | UART-1 data receive data
M_SSI2TX 15 ) SSI-2 transmit data PU 4 mA
M_CAN1TX (0] CAN-1 transmit data
M_U4TX O UART-4 transmit data
C_EPWM5A (0] Enhanced PWM-5 output A
C_ADCSOCAO 0 ADC start-of-conversion A
PB1_GPIO9 1/0/Z General-purpose input/output 9
o |G Camp
. o |CamturecomparaPnLs I
M_U1TX O UART-1 transmit data
M_SSI2RX | SSI-2 receive data
C_EPWM5B O Enhanced PWM-5 output B
C_ECAP3 1/0 Enhanced Capture-3 input/output
PB2_GPIO10 1/0/Z2 General-purpose input/output 10
M_12C0SCL /0D 12C-0 clock open-drain bidirectional port
M_coP3 10| Ganerak-prpose Tmen)
0 |CopeCompere Pt
M_USBOEREN e O | optionally used'm the host mode) i 4mA
M_SSI2CLK 110 SSI-2 clock
M_CAN1RX | CAN-1 receive data
M_U4RX | UART-4 receive data
C_EPWMG6A O Enhanced PWM-6 output A
C_ADCSOCBO o] ADC start-of-conversion B
PB3_GPIO11 1/0/Z2 General-purpose input/output 11
M_I12COSDA /0D 12C-0 data open-drain bidirectional port
M_USBORFLT || (optionlly usedmthe host mode)
M_SSI2FSS 20 lfe} SSI-2 frame PU 4 mA
M_U1RX | UART-1 receive data
C_EPWM6B O Enhanced PWM-6 output B
C_ECAP4 1/O Enhanced Capture-4 input/output
PB4_GPIO12 1/10/1Z General-purpose input/output 12
M_U2RX | UART-2 receive data
M_CANORX | CAN-O0 receive data
M_U1RX | UART-1 receive data

30 PU 4 mA
M_EPI0S23 110 EPI-0 signal 23
M_CAN1TX (0] CAN-1 transmit data
M_SSIMTX O SSI-1 transmit data
C_EPWMT7A (0] Enhanced PWM-7 output A
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TERMINAL(")

PU OUTPUT
RFP 110/12? DESCRIPTION or BUFFER
NAME PIN NO. PD” STRENGTH
PB5_GPIO13 1/0/Z2 General-purpose input/output 13
M_CCP5 /o Captu re/Compare/P_WM-5
(General-purpose Timer)
M_CCP6 /o Capture/Compare/EWM-G
(General-purpose Timer)
M CCPO /o Capture/Compare/F’_WM-O
- (General-purpose Timer)
M_CANOTX 31 (0] CAN-0 transmit data PU 4 mA
M_CCP2 /o Captu re/Compare/EWM-Z
(General-purpose Timer)
M_U1TX (0] UART-1 transmit data
M_EPI0S22 110 EPI-0 signal 22
M_CAN1RX | CAN-1 receive data
M_SSIMRX | SSI-1 receive data
C_EPWM7B (0] Enhanced PWM-7 output B
PB6_GPIO14 1/0/Z General-purpose input/output 14
M_CCP1 /o Capture/Compare/EWM-1
(General-purpose Timer)
M CCP7 /o Capture/Compare/EWM-?
- (General-purpose Timer)
M_CCP5 /o Captu re/Compare/P_WM-S
26 (General-purpose Timer) PU 4 mA
M_EPI0S37" /0 EPI-0 signal 37
M_MIICRS | EMAC MII carrier sense
M_I2COSDA /0D 12C-0 data open-drain bidirectional port
M_U1TX (0] UART-1 transmit data
M_SSI1CLK lfe} SSI-1 clock
C_EPWMS8A (0] Enhanced PWM-8 output A
PB7_GPIO15 1/0/Z2 General-purpose input/output 15
M_EXTNMI | Cortex-M3 external nonmaskable interrupt
M_MIIRXD1 | EMAC MIl receive data 1
M_EPI0S36® o7 110 EPI-0 signal 36 bU A
m
M_12C0SCL /0D 12C-0 clock open-drain bidirectional port
M_U1RX | UART-1 receive data
M_SSI1FSS 110 SSI-1 frame
C_EPWMS8B (0] Enhanced PWM-8 output B
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TERMINAL(")

PU OUTPUT
RFP 110/12? DESCRIPTION or BUFFER
NAME PIN NO. PD" STRENGTH

PD0_GPIO16 1/0/Z2 General-purpose input/output 16
M_CANORX | CAN-O0 receive data
M_U2RX | UART-2 receive data
M_U1RX | UART-1 receive data
M_CoPe 10| Generarpurpese Timer)
M_MIIRXDV 102 | EMAC MIl receive data valid PU 4 mA
M_MIIRXD2 | EMAC MIl receive data 2
M_SSIOTX (0] SSI-0 transmit data
M_CAN1TX O CAN-1 transmit data
R A
C_SPISIMOA 1/0 SPI-A slave in, master out
PD1_GPIO17 1/0/Z General-purpose input/output 17
M_CANOTX (0] CAN-0 transmit data
M_U2TX O UART-2 transmit data
M_U1TX O UART-1 transmit data
0| Compere e
M_MIITXER (0] EMAC MIl transmit error
N 0 e mene e ™
M_MIICOL | EMAC MII collision detect
M_SSIORX | SSI-0 receive data
M_CAN1RX | CAN-1 receive data
|t el power oo e
C_SPISOMIA 110 SPI-A master in, slave out
PD2_GPIO18 1/0/Z2 General-purpose input/output 18
M_U1RX | UART-1 receive data
0 |CopueCompere Pt
M_CCP5 /0 Capture/Compare/EWM-S

28 (General-purpose Timer) PU 4 mA
M_EPI0S20 110 EPI-0 signal 20
M_SSIOCLK lfe} SSI-0 clock
M_U1TX O UART-1 transmit data
M_CANORX | CAN-O0 receive data
C_SPICLKA lfe} SPI-A clock
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TERMINAL() PU OUTPUT
NAME RFP 110/12? DESCRIPTION or, BUFFER
PIN NO. PD STRENGTH

PD3_GPIO19 1/10/Z General-purpose input/output 19
M_U1TX (0] UART-1 transmit data
o0 | Comeare
M CCPO /o Capture/Compare/F’_WM-O

- 29 (General-purpose Timer) PU 4 mA
M_EPI0S21 110 EPI-0 signal 21
M_SSIOFSS 110 SSI-0 frame
M_U1RX | UART-1 receive data
M_CANOTX (0] CAN-0 transmit data
C_SPISTEA 1/0 SPI-A slave transmit enable
PD4_GPIO20 1/0/Z2 General-purpose input/output 20
o | Compare e
o |G Comp
M_MIITXD3 65 0] EMAC MII transmit data 3 PU 4 mA
M_EPI0S19 lfe} EPI-0 signal 19
M_U3TX O UART-3 transmit data
M_CAN1TX (0] CAN-1 transmit data
C_EQEP1A | Enhanced QEP-1 input A
C_MDXA (0] McBSP-A transmit data
PD5_GPI021 1/10/Z2 General-purpose input/output 21
o |G Conm
o |Capcop L
M_MIITXD2 ) EMAC MII transmit data 2
M_U2RX 64 | UART-2 receive data PU 6 mA
M_EPI0S28 110 EPI-0 signal 28
M_U3RX | UART-3 receive data
M_CAN1RX | CAN-1 receive data
C_EQEP1B | Enhanced QEP-1 input B
C_MDRA | McBSP-A receive data
PD6_GPI022 1/0/Z2 General-purpose input/output 22
M_MIITXD1 (0] EMAC MIl transmit data 1
M_U2TX O UART-2 transmit data
M_EPI0S29 110 EPI-0 signal 29

73 PU 6 mA

M_I12C1SDA /0D 12C-0 data open-drain bidirectional port
M_U1TX O UART-1 transmit data
C_EQEP1S I/0 Enhanced QEP-1 strobe
C_MCLKXA (0] McBSP-A transmit clock
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TERMINAL(")

PU OUTPUT
RFP 1oiz” DESCRIPTION or BUFFER
NAME PIN NO. PD" STRENGTH
PD7_GPIO23 1/0/Z2 General-purpose input/output 23
M_CCP1 10| Goneratpurpose Tmen)
M_MIITXDO O EMAC MII transmit data O
M_EPI0S30 68 110 EPI-0 signal 30 PU 6 mA
M_12C1SCL /0D 12C-1 clock open-drain bidirectional port
M_U1RX | UART-1 receive data
C_EQEP1I I/0 Enhanced QEP-1 index
C_MFSXA O McBSP-A transmit frame sync
PEO_GPIO24 1/0/Z General-purpose input/output 24
M_SSI1CLK 110 SSI-1 clock
o0 |t Comeare S
M_EPIOS8 110 EPI-0 signal 8
. | e g e | s
M_SSI3TX O SSI-3 transmit data
M_CANORX | CAN-1 receive data
M_SSI1TX (0] SSI-1 transmit data
C_ECAP1 110 Enhanced Capture-1 input/output
C_EQEP2A | Enhanced QEP-2 input A
PE1_GPIO25 1/0/Z2 General-purpose input/output 25
M_SSI1FSS 110 SSI-1 frame
o |CapteCompare P
o | CepConp s
M_EPI0S9 45 /0 EPI-0 signal 9 PU 4 mA
M_SSI3RX | SSI-3 receive data
M_CANOTX (0] CAN-1 transmit data
M_SSI1RX (0] SSI-1 receive data
C_ECAP2 110 Enhanced Capture-2 input/output
C_EQEP2B | Enhanced QEP-2 input B
PE2_GPIO26 1/0/Z2 General-purpose input/output 26
o |G Comp s
M_SSIMRX | SSI-1 receive data
o |G o
M_EPI0S24 32 110 EPI-0 signal 24 PU 4 mA
M_SSI3CLK 110 SSI-3 clock
M_U2RX | UART-2 receive data
M_SSI1CLK 110 SSI-1 clock
C_ECAP3 1/0 Enhanced Capture-3 input/output
C_EQEP2I I/0 Enhanced QEP-2 index
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TERMINAL() PU OUTPUT
NAME RFP 110/12? DESCRIPTION or, BUFFER
PIN NO. PD STRENGTH
PE3_GPIO27 1/0/Z2 General-purpose input/output 27
M_GCP1 10| General-purposs Timer)
M_SSIMTX O SSI-1 transmit data
M_CCP7 10| Generatpurpose Timen)
M_EPI0S25 33 110 EPI-0 signal 25 PU 4 mA
M_SSI3FSS 110 SSI-3 frame
M_U2TX (0] UART-2 transmit data
M_SSI1FSS 1/0 SSI-1 frame
C_ECAP4 1/0 Enhanced Capture-4 input/output
C_EQEP2S I/0 Enhanced QEP-2 strobe
PE4_GPIO28 1/10/1Z General-purpose input/output 28
M_CCP3 10| Generak-purpose Tmen)
M_U2TX (0] UART-2 transmit data
M_CCP2 10| (Generatpurpose Timen)
M_MIIRXDO 77 | EMAC MIl receive data 0 PU 4 mA
M_EPI0S34® 110 EPI-0 signal 34
M_UORX | UART-O receive data
M_EPI0S38" 110 EPI-0 signal 38
M_USBOEPEN O | aptionally used i the host mode)
C_SCIRXDA | SCI-A receive data
PE5_GPIO29 1/0/Z2 General-purpose input/output 29
M_CCPS 10| (Generaipurpose Timen)
M_EPI0S35" 110 EPI-0 signal 35
M_MITXER 76 O EMAC MII transmit error PU 4 mA
M_UOTX (0] UART-0 transmit data
M_USBOPFLT | |(optionally usedmthe host mode)
C_SCITXDA (0] SCI-A transmit data
PE6_GPIO30 1/0/Z2 General-purpose input/output 30
M_MIIMDIO 1/0 EMAC management data input/output
M_CANORX 22 | CAN-O0 receive data PU 4 mA
C_EPWMO9A O Enhanced PWM-9 output A
PE7_GPIO31 1/0/Z2 General-purpose input/output 31
M_MIIRXD3 | EMAC MIl receive data 3
M_CANOTX 23 O CAN-0 transmit data PU 4 mA
C_EPWM9B O Enhanced PWM-9 output B
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TERMINAL() PU OUTPUT
RFP 110/12? DESCRIPTION or BUFFER
NAME PIN NO. PD" STRENGTH
PF0_GPI1032 1/0/Z2 General-purpose input/output 32
M_CAN1RX | CAN-1 receive data
M_MIIRXCK | EMAC MIl receive clock
M_I2COSDA I/OD I12C-0 data open-drain bidirectional port
M_TRACED2 104 (0] Trace data 2 PU 4 mA
C_I2CASDA /0D I12C-A data open-drain bidirectional port
C_SCIRXDA | SCI-A receive data
C_ADCSOCAO 0 ADC start-of-conversion A®
PF1_GPIO33 1/0/Z General-purpose input/output 33
M_CAN1TX (0] CAN-1 transmit data
M_MIIRXER | EMAC MIl receive error
o |G Camp
M_12C0SCL 103 JOD  |12C-0 clock open-drain bidirectional port PU 4 mA
M_TRACED3 O Trace data 3
C_I2CASCL /0D I12C-A clock open-drain bidirectional port
C_EPWMSYNCO O Enhanced PWM sync out
C_ADCSOCBO o] ADC start-of-conversion B®
PF2_GPI1034 1/0/Z2 General-purpose input/output 34
M_MIIPHYINTR | EMAC PHY Mll interrupt
M_EPI0S32® 110 EPI-0 signal 32
M_SSI1CLK 110 SSI-1 clock
M_TRACECLK O Trace clock
M_XCLKOUT 82 (0] External output clock PU 4 mA
C_ECAP1 110 Enhanced Capture-1 input/output
C_SCIRXDA | SCI-A receive data
C_XCLKOUT (0] External output clock
Bmode_pin4 | Boot mode pin 4
PF3_GPIO35 1/0/Z2 General-purpose input/output 35
M_MIIMDC | EMAC management data clock
M_EPI0S33" 110 EPI-0 signal 33
M_SSI1FSS 110 SSI-1 frame
M_UOTX 8 O UART-0 transmit data PU 4 mA
M_TRACEDO (0] Trace data 0
C_SCITXDA (0] SCI-A transmit data
Bmode_pin3 | Boot mode pin 3
PF4_GPI1036 1/0/Z2 General-purpose input/output 36
o |G Conp 0
M_MIIMDIO 1/0 EMAC management data input/output
M_EPI0S12 48 110 EPI-0 signal 12 PU 4 mA
M_SSIMRX | SSI-1 receive data
M_UORX | UART-0 receive data
C_SCIRXDA | SCI-A receive data
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TERMINAL() PU OUTPUT
RFP 110/12? DESCRIPTION or BUFFER
NAME PIN NO. PD” STRENGTH
PF5_GPI037 1/0/Z2 General-purpose input/output 37
M_CCP2 /o Captu re/Compare/P_WM-Z
(General-purpose Timer)
M_MIIRXD3 51 | EMAC MIl receive data 3 PU 4 mA
M_EPI0S15 110 EPI-0 signal 15
M_SSI1TX (0] SSI-1 transmit data
C_ECAP2 1/0 Enhanced Capture-2 input/output
General-purpose input/output 38. If configured as
an output, place a capacitor with a value of 56 pF
or greater near the pin. If configured as an input,
place a series resistor with a value equal to
1 kQ or greater near the pin. See the F28M35x
PF6_GPIO38 Vo/z Concerto™ MCUs Silicon Errata for details.
NOTE: For this pin, only the USBOVBUS function
is available on silicon revision 0 devices (GPIO
69 and the four other functions listed are not PU 4 mA
available).
M_USBOVBUS Analog |USBO VBUS power (5-V tolerant)
M CCP1 /o Capture/Compare/P_WM-1
- (General-purpose Timer)
M_MIIRXD2 | EMAC MIl receive data 2
M_EPI0S38" 110 EPI-0 signal 38
PF7_GPIO39 No Pin No Pin General-purpose input/output 39 is not pinned out.
PGO0_GPIO40 1/0/Z2 General-purpose input/output 40
M_U2RX | UART-2 receive data
M_12C1SCL /0D 12C-1 clock open-drain bidirectional port
M_USBOEPEN 49 0 USB-O external power enable PU 4 mA
(optionally used in the host mode)
M_EPI0S13 I/0 EPI-0 signal 13
M_MIIRXD2 | EMAC MIl receive data 2
M_U4RX | UART-4 receive data
PG1_GPIO41 1/0/Z2 General-purpose input/output 41
M_U2TX (0] UART-2 transmit data
M_I2C1SDA /0D 12C-1 data open-drain bidirectional port
50 ] PU 4 mA
M_EPI0S14 I/0 EPI-0 signal 14
M_MIIRXD1 | EMAC MII receive data 1
M_U4TX O UART-4 transmit data
PG2_GPl1042 1/0/Z2 General-purpose input/output 42
M_USBODM Analog |USBO data minus
71 N PU 4 mA
M_MIICOL | EMAC MII collision detect
M_EPI0S39® 110 EPI-0 signal 39
PG3_GPI0O43 1/0/Z2 General-purpose input/output 43
M_MIICRS | EMAC MII carrier sense
M_MIIRXDV 78 | EMAC MIl receive data valid PU 4 mA
M_TRACED1 O Trace data 1
Bmode_pin1 | Boot mode pin 1
PG4_GPl044 No Pin No Pin General-purpose input/output 44 is not pinned out.
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TERMINAL() PU OUTPUT
RFP 1oiz” DESCRIPTION or BUFFER
NAME PIN NO. PD” STRENGTH
PG5_GPI045 1/0/Z2 General-purpose input/output 45
M_USBODP Analog |USBO data plus
M CCP5 72 /o Capture/Compare/EWM-S PU 4 mA
- (General-purpose Timer)
M_MIITXEN (0] EMAC MIl transmit enable
M_EPI0S40® 110 EPI-0 signal 40
General-purpose input/output 46. If configured as
an output, place a capacitor with a value of 56 pF
or greater near the pin. If configured as an input,
place a series resistor with a value equal to
PG6_GPI046 1/0/Z 1 kQ or greater near the pin. See the F28M35x
Concerto™ MCUs Silicon Errata for details.
70 NOTE: For this pin, only the USBOID function is PU 4 mA
available on silicon revision 0 devices (GPIO and
the three other functions listed are not available).
M_USBOID Analog |USBO ID (5-V tolerant)
M_MIITXCK | EMAC MII transmit clock
M_EPI0S41® 110 EPI-0 signal 41
PG7_GPl047 1/0/Z2 General-purpose input/output 47
M_MIITXER (0] EMAC MIl transmit error
M_CCP5 52 /0 Capture/Compare/EWM-S PU 6 mA
(General-purpose Timer)
M_EPI0S31 I/0 EPI-0 signal 31
Bmode_pin2 | Boot mode pin 2
PHO_GPI0O48 1/10/Z General-purpose input/output 48
M_CCP6 /0 Capture/Compare/EWM-G
(General-purpose Timer)
M_MIIPHYRST 41 0] EMAC PHY MII reset PU 4 mA
M_EPI0S6 I/0 EPI-0 signal 6
M_SSI3TX O SSI-3 transmit data
C_ECAP5 1/O Enhanced Capture-5 input/output
PH1_GPIO49 1/0/Z2 General-purpose input/output 49
M CCP7 /o Capture/Compare/P_WM-?
- (General-purpose Timer)
M_EPIOS7 42 I/0 EPI-0 signal 7 PU 4 mA
M_MIIRXDO | EMAC MIl receive data 0
M_SSI3RX | SSI-3 receive data
C_ECAP6 1/0 Enhanced Capture-6 input/output
PH2_GPIO50 1/0/Z2 General-purpose input/output 50
M_EPI0S1 lfe} EPI-0 signal 1
M_MIITXD3 36 O EMAC MII transmit data 3 PU 4 mA
M_SSI3CLK I/0 SSI-3 clock
C_EQEP1A | Enhanced QEP-1 input A
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TERMINAL() PU OUTPUT
NAME RFP 110/12? DESCRIPTION or, BUFFER
PIN NO. PD STRENGTH

PH3_GPIO51 1/0/Z2 General-purpose input/output 51
M_USBOEREN O | optionally used'm the host mode)
M_EPIOSO 35 110 EPI-0 signal 0 PU 4 mA
M_MIITXD2 ) EMAC MII transmit data 2
M_SSI3FSS 1/0 SSI-3 frame
C_EQEP1B | Enhanced QEP-1 input B
PH4_GPIO52 1/0/Z2 General-purpose input/output 52
| e oo
M_EPI0S10 110 EPI-0 signal 10
M_MIITXD1 46 O |EMAC MIl transmit data 1 PU 4 mA
M_SSI1CLK 110 SSI-1 clock
M_U3TX O UART-3 transmit data
C_EQEP1S 1/0 Enhanced QEP-1 strobe
PH5_GPIO53 1/0/Z2 General-purpose input/output 53
M_EPI0S11 110 EPI-0 signal 11
M_MIITXDO ) EMAC MII transmit data 0

- 47 PU 4 mA
M_SSI1FSS 110 SSI-1 frame
M_U3RX | UART-3 receive data
C_EQEP1I I/0 Enhanced QEP-1 index
PH6_GPIO54 1/0/Z2 General-purpose input/output 54
M_EPI0S26 110 EPI-0 signal 26
M_MIIRXDV | EMAC MIl receive data valid
M_SSIMRX | SSI-1 receive data

- 79 PU 4 mA
M_MIITXEN (0] EMAC MIl transmit enable
M_SSIOTX O SSI-0 transmit data
C_SPISIMOA 1/0 SPI-A slave in, master out
C_EQEP3A | Enhanced QEP-1 input A
PH7_GPIO55 1/10/1Z General-purpose input/output 55
M_MIIRXCK | EMAC MIl receive clock
M_EPI0S27 110 EPI-0 signal 27
M_SSIMTX 0] SSI-1 transmit data

- 80 PU 4 mA
M_MIITXCK | EMAC MII transmit clock
M_SSIORX | SSI-0 receive data
C_SPISOMIA 1/0 SPI-A master in, slave out
C_EQEP3B | Enhanced QEP-3 input B
PJO_GPIO56 1/0/Z2 General-purpose input/output 56
M_MIIRXER | EMAC MII receive error
M_EPI0S16 110 EPI-0 signal 16
M_12C1SCL 63 /0D 12C-1 clock open-drain bidirectional port PU 4 mA
M_SSIOCLK 110 SSI-0 clock
C_SPICLKA 110 SPI-A clock
C_EQEP3S I/0 Enhanced QEP-3 strobe
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TERMINAL() PU OUTPUT
RFP 110/12? DESCRIPTION or BUFFER
NAME PIN NO. PD" STRENGTH
PJ1_GPIO57 1/0/Z2 General-purpose input/output 57
M_EPIOS17 110 EPI-0 signal 17
M_USBORFLT || (optionaly isedmthe host mode)
M_I2C1SDA 62 I/0OD I12C-1 data open-drain bidirectional port PU 4 mA
M_MIIRXDV | EMAC MIl receive data valid
M_SSIOFSS 110 SSI-0 frame
C_SPISTEA 1/0 SPI-A slave transmit enable
C_EQEP3I I/10 Enhanced QEP-3 index
PJ2_GPIO58 1/0/Z General-purpose input/output 58
M_EPI0S18 le} EPI-0 signal 18
M_CCPO 10| Generatpurpose Timen)
M_MIIRXCK 61 | EMAC MII receive clock PU 4 mA
M_SSIOCLK lfe} SSI-0 clock
M_UOTX O UART-0 transmit data
C_MCLKRA | McBSP-A receive clock
C_EPWMT7A O Enhanced PWM-7 output A
PJ3_GPIO59 1/0/Z2 General-purpose input/output 59
M_EPI0S19 110 EPI-0 signal 19
o | CapConp s
M_MIIMDC 60 ) EMAC management data clock PU 4 mA
M_SSIOFSS 110 SSI-0 frame
M_UORX | UART-0 receive data
C_MFSRA | McBSP-A receive frame sync
C_EPWMT7B O Enhanced PWM-7 output B
PJ4_GPI060 1/0/Z2 General-purpose input/output 60
M_EPI0S28 lfe} EPI-0 signal 28
o | o [Geuecemmrims w | oma
M_MIICOL | EMAC MII collision detect
M_SSI1CLK 110 SSI-1 clock
C_EPWMS8A (0] Enhanced PWM-8 output A
PJ5_GPIO61 1/10/1Z General-purpose input/output 61
M_EPI0S29 110 EPI-0 signal 29
o | w0 [GoueCommarin: | e
M_MIICRS | EMAC MII carrier sense
M_SSI1FSS 110 SSI-1 frame
C_EPWMS8B O Enhanced PWM-8 output B
24 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: F28M35H52C F28M35H52C-Q1 F28M35H22C F28M35M52C F28M35M22C
F28M35E20B


https://www.ti.com/product/F28M35H52C
https://www.ti.com/product/F28M35H52C-Q1
https://www.ti.com/product/F28M35H22C
https://www.ti.com/product/F28M35M52C
https://www.ti.com/product/F28M35M22C
https://www.ti.com/product/F28M35E20B
https://www.ti.com/lit/pdf/SPRS742
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS742L&partnum=F28M35H52C
https://www.ti.com/product/f28m35h52c?qgpn=f28m35h52c
https://www.ti.com/product/f28m35h52c-q1?qgpn=f28m35h52c-q1
https://www.ti.com/product/f28m35h22c?qgpn=f28m35h22c
https://www.ti.com/product/f28m35m52c?qgpn=f28m35m52c
https://www.ti.com/product/f28m35m22c?qgpn=f28m35m22c
https://www.ti.com/product/f28m35e20b?qgpn=f28m35e20b

13 TEXAS

F28M35H52C, F28M35H52C-Q1, F28M35H22C

INSTRUMENTS F28M35M52C, F28M35M22C, F28M35E20B
www.ti.com SPRS742L — JUNE 2011 — REVISED FEBRUARY 2021
TERMINAL() PU OUTPUT
110/12? DESCRIPTION or BUFFER
RFP
NAME PIN NO. PD” STRENGTH
PJ6_GPI1062 1/0/Z2 General-purpose input/output 62
M_EPI0S30 110 EPI-0 signal 30
M CCP1 /o Capture/Compare/EWM-1
- 53 (General-purpose Timer) PU 6 mA
M_MIIPHYINTR | EMAC PHY MIl interrupt
M_U2RX | UART-2 receive data
C_EPWMOYA (0] Enhanced PWM-9 output A
PJ7_GPIO63 1/0/Z2 General-purpose input/output 63
M CCPO /o Capture/Compare/EWM-O
- (General-purpose Timer)
M_MIIPHYRST 97 O EMAC PHY MII reset PU 4 mA
M_U2TX (0] UART-2 transmit data
C_EPWM9B (0] Enhanced PWM-9 output B
PCO_GPIO64 No Pin No Pin General-purpose input/output 64 is not pinned out.
PC1_GPIO65 No Pin No Pin General-purpose input/output 65 is not pinned out.
PC2_GPIO66 No Pin No Pin General-purpose input/output 66 is not pinned out.
PC3_GPIO67 No Pin No Pin General-purpose input/output 67 is not pinned out.
PC4_GPIO68 1/0/Z2 General-purpose input/output 68
M_CCP5 | Capture/Compare/EWM-S
(General-purpose Timer)
M_MIITXD3 0] EMAC MII transmit data 3
Capture/Compare/PWM-2
R 37 ! (General-purpose Timer) PU 4 mA
M_CCP4 | Capture/Compare/EWM-4
(General-purpose Timer)
M_EPI0S2 I/0 EPI-0 signal 2
M_CCP1 | Capture/Compare/P_WM-1
(General-purpose Timer)
PC5_GPIO69 1/0/Z2 General-purpose input/output 69
M_CCP1 | Capture/Compare/P_WM-1
(General-purpose Timer)
M_CCP3 38 | Capture/Compare/EWM-S PU 4 mA
(General-purpose Timer)
USB-0 external power enable
 JLER0IEHEN © (optionally used in the host mode)
M_EPIOS3 110 EPI-0 signal 3
PC6_GPIO70 1/0/1Z2 General-purpose input/output 70
M_CCP3 | Capture/Compare/EWM-3
(General-purpose Timer)
M_U1RX | UART-1 receive data
39 R PU 4 mA
M_CCPO | Capture/Compare/P_WM 0
(General-purpose Timer)
USB-0 external power error state
AL AR ! (optionally used in the host mode)
M_EPI0S4 I/0 EPI-0 signal 4

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: F28M35H52C F28M35H52C-Q1 F28M35H22C F28M35M52C F28M35M22C

F28M35E20B

25


https://www.ti.com
https://www.ti.com/product/F28M35H52C
https://www.ti.com/product/F28M35H52C-Q1
https://www.ti.com/product/F28M35H22C
https://www.ti.com/product/F28M35M52C
https://www.ti.com/product/F28M35M22C
https://www.ti.com/product/F28M35E20B
https://www.ti.com/lit/pdf/SPRS742
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS742L&partnum=F28M35H52C
https://www.ti.com/product/f28m35h52c?qgpn=f28m35h52c
https://www.ti.com/product/f28m35h52c-q1?qgpn=f28m35h52c-q1
https://www.ti.com/product/f28m35h22c?qgpn=f28m35h22c
https://www.ti.com/product/f28m35m52c?qgpn=f28m35m52c
https://www.ti.com/product/f28m35m22c?qgpn=f28m35m22c
https://www.ti.com/product/f28m35e20b?qgpn=f28m35e20b

F28M35H52C, F28M35H52C-Q1, F28M35H22C I3 TEXAS

F28M35M52C, F28M35M22C, F28M35E20B INSTRUMENTS
SPRS742L — JUNE 2011 — REVISED FEBRUARY 2021 www.ti.com

TERMINAL() PU OUTPUT

RFP 1oiz” DESCRIPTION or BUFFER
NAME PIN NO. PD" STRENGTH

PC7_GPIO71 1/0/Z2 General-purpose input/output 71

Capture/Compare/PWM-4
(General-purpose Timer)

M_CCPO | Capture/Compare/EWM-O
40 (General-purpose Timer) PU 4 mA

M_U1TX (0] UART-1 transmit data

USB-0 external power error state
(optionally used in the host mode)

M_EPIOS5 110 EPI-0 signal 5

Resets

M_CCP4 [

M_USBOPFLT |

Digital Subsystem Reset (in) and Watchdog/
Power-on Reset (out). In most applications, TI
recommends that the XRS pin be tied with the
ARS pin. The Digital Subsystem has a built-in
POR circuit, and during a power-on condition, this
pin is driven low by the Digital Subsystem. This
pin is also driven low by the Digital Subsystem
when a watchdog reset occurs. During watchdog
reset, the XRS pin is driven low for the watchdog
reset duration of 512 OSCCLK cycles. If needed,
an external circuitry may also drive this pin to
assert device reset. In this case, this pin should
be driven by an open-drain device. A noise filtering
circuit can be connected to this pin. A resistor
with a value from 2.2 kQ to 10 kQ should be
placed between XRS and Vppo. If a capacitor is
placed between XRS and Vgg for noise filtering,

it should be 100 nF or smaller. These values will
allow the watchdog to properly drive the XRS

pin to Vg, within 512 OSCCLK cycles when

the watchdog reset is asserted. Regardless of

the source, a device reset causes the Digital
Subsystem to terminate execution. The Cortex-M3
program counter points to the address contained
at the location 0x00000004. The C28 program
counter points to the address contained at the
location 0x3FFFCO. When reset is deactivated,
execution begins at the location designated by the
program counter. The output buffer of this pin is an
open-drain with an internal pullup.

x
Py
o)
n

I/0D PU 4 mA

Analog Subsystem Reset (in) and Power-on Reset
(out). Tl recommends that the ARS pin be tied with
the XRS pin. The Analog Subsystem has a built-
in POR circuit, and during a power-on condition,
this pin is driven low by the Analog Subsystem.

If needed, an external circuitry may also drive

144 /0D this pin to assert a device reset. In this case, PU 4 mA
Tl recommends that this pin be driven by an
open-drain device. Regardless of the source, the
Analog Subsystem reset causes the digital logic
associated with the Analog Subsystem, to enter
reset state. The output buffer of this pin is an
open-drain with an internal pullup.

Clocks

External oscillator input or on-chip crystal-oscillator
input. To use the on-chip oscillator, a quartz crystal
or a ceramic resonator must be connected across
X1 and X2. See Figure 8-7.

>
P/
»
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TERMINAL() PU OUTPUT

NAME

RFP
PIN NO.

oiz?

DESCRIPTION

PD®

BUFFER
STRENGTH

X2

95

On-chip crystal-oscillator output. A quartz crystal
or a ceramic resonator must be connected across
X1 and X2. If X2 is not used, it must be left
unconnected. See Figure 8-7.

Vssosc

94

Clock Oscillator Ground Pin. Use this pin

to connect the GND of external crystal load
capacitors or the ground pin of 3-terminal ceramic
resonators with built-in capacitors. Do not connect
to board ground. See Figure 8-7.

XCLKIN

see
PJ7_GPIO63

External oscillator input. This pin feeds a clock
from an external 3.3-V oscillator to internal USB
PLL module and to the CAN peripherals.

XCLKOUT

see
PF2_GPIO34

O/z

External oscillator output. This pin outputs a clock
divided-down from the internal PLL System Clock.
The divide ratio is defined in the XPLLCLKCFG
register.

Boot Pins

Bmode_pin1

see
PG3_GPI043

One of four boot mode pins. Bmode_pin1 selects
a specific configuration source from which the
Concerto device boots on start-up.

PU

Bmode_pin2

see
PG7_GPI047

One of four boot mode pins. Bmode_pin2 selects
a specific configuration source from which the
Concerto device boots on start-up.

PU

Bmode_pin3

see
PF3_GPIO35

One of four boot mode pins. Bmode_pin3 selects
a specific configuration source from which the
Concerto device boots on start-up.

PU

Bmode_pin4

see
PF2_GPI0O34

One of four boot mode pins. Bmode_pin4 selects
a specific configuration source from which the
Concerto device boots on start-up.

PU

JTAG

85

JTAG test reset with internal pulldown. TRST,
when driven high, gives the scan system control
of the operations of the device. If this signal is

not connected or driven low, the device operates
in its functional mode, and the test reset signals
are ignored. NOTE: TRST is an active-low test
pin and must be maintained low during normal
device operation. An external pulldown resistor is
required on this pin. The value of this resistor
should be based on drive strength of the debugger
pods applicable to the design. A 2.2-kQ resistor
generally offers adequate protection. Because the
value of the resistor is application-specific, Tl
recommends that each target board be validated
for proper operation of the debugger and the
application.

PD

TCK

89

JTAG test clock

TMS

87

JTAG test-mode select (TMS) with internal pullup.
This serial control input is clocked into the TAP
controller on the rising edge of TCK.

PU

TDI

88

JTAG test data input (TDI) with internal pullup. TDI
is clocked into the selected register (instruction or
data) on a rising edge of TCK.

PU

TDO

84

JTAG scan out, test data output (TDO). The
contents of the selected register (instruction or
data) are shifted out of TDO on the falling edge
of TCK.

4 mA
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TERMINAL() PU OUTPUT

RFP 1oiz” DESCRIPTION or BUFFER
PIN NO. PD® STRENGTH

NAME

Emulator pin 0. When TRST is driven high, this
pin is used as an interrupt to or from the JTAG
debug probe system and is defined as input/output
through the JTAG scan. This pin is also used to
put the device into boundary-scan mode. With the
EMUO pin at a logic-high state and the EMU1 pin
at a logic-low state, a rising edge on the TRST pin
would latch the device into boundary-scan mode.
NOTE: An external pullup resistor is required

on this pin. The value of this resistor should

be based on the drive strength of the debugger
pods applicable to the design. A 2.2-kQ to 4.7-

kQ resistor is generally adequate. Because the
value of the resistor is application-specific, Tl
recommends that each target board be validated
for proper operation of the debugger and the
application.

NOTE: If EMUO is 0 and EMU1 is 1 when coming
out of reset, the device enters Wait-in-Reset mode.
WIR suspends bootloader execution, allowing the
JTAG debug probe to connect to the device and to
modify FLASH contents.

Emulator pin 1. When TRST is driven high, this
pin is used as an interrupt to or from the JTAG
debug probe system and is defined as input/output
through the JTAG scan. This pin is also used to
put the device into boundary-scan mode. With the
EMUO pin at a logic-high state and the EMU1 pin
at a logic-low state, a rising edge on the TRST pin
would latch the device into boundary-scan mode.
NOTE: An external pullup resistor is required

on this pin. The value of this resistor should

be based on the drive strength of the debugger
pods applicable to the design. A 2.2-kQ to 4.7-

kQ resistor is generally adequate. Because the
value of the resistor is application-specific, Tl
recommends that each target board be validated
for proper operation of the debugger and the
application.

NOTE: If EMUO is 0 and EMU1 is 1 when coming
out of reset, the device enters Wait-in-Reset mode.
WIR suspends bootloader execution, allowing the
JTAG debug probe to connect to the device and to
modify FLASH contents.

TM Trace (Arm Instrumentation Trace Macrocell)

EMUO 83 110/Z PU 4 mA

EMU1 86 110/Z PU 4 mA

see
PF3_GPIO35

see
PG3_GPI1043

see
PFO_GPIO32

see
PF1_GPIO33

see
PF2_GPIO34

TRACEDO (0] ITM Trace data O 4 mA

TRACED1 (0] ITM Trace data 1 4 mA

TRACED2 (0] ITM Trace data 2 4 mA

TRACED3 (0] ITM Trace data 3 4 mA

TRACECLK (0] ITM Trace clock 4 mA
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TERMINAL() PU OUTPUT
RFP 110/12? DESCRIPTION or BUFFER
NAME PIN NO. PD” STRENGTH
Test Pins
FLT1 16 /0 FLASH Test Pin 1. Reserved for Tl. Must be left
unconnected.
FLT2 21 /o FLASH Test Pin 2. Reserved for Tl. Must be left
unconnected.
Internal Voltage Regulator Control
Internal 1.8-V VREG Enable/Disable for Vpp4g.
VREG18EN 113 Pull low to enable the internal 1.8-V voltage PD
regulator (VREG18), pull high to disable VREG18.
Internal 1.2-V VREG Enable/Disable for Vpp12.
VREG12EN 101 Pull low to enable the internal 1.2-V voltage PD
regulator (VREG12), pull high to disable VREG12.
Digital Logic Power Pins for I/Os, Flash, USB, and Internal Oscillators
Vbpio 107
Vbbio 10
Vbbio 25
Vbbio 34
Vbbio 44
Vbbio 54
Vopio 59 3.3-V Digital I/O and FLASH Power Pin. Tie
v 105 with a 0.1-pF capacitor (typical) close to the pin.
bolo When the 1.2-V VREG is enabled (by pulling the
Vppio 3 VREG12EN pin low), these pins also supply power
v 67 to the Digital Subsystem. When the 1.8-V VREG is
pbio enabled (by pulling the VREGT8EN pin low), these
Vbbio 74 pins also supply power to the Analog Subsystem.
Vbbio 92
Vbbio 96
Vobio 17
Vobio 2
Vbpio 106
Digital Logic Power Pins (Analog Subsystem)
Vbb1s 1 1.8-V Digital Logic Power Pins (associated with
the Analog Subsystem) - no supply needed when
using internal VREG18. Tie with 1.2-pyF (minimum)
Vbpis 108 ceramic capacitor (10% tolerance) to ground when
using internal VREG. Higher value capacitors may
be used but could impact supply-rail ramp-up time.
Digital Logic Power Pins (Master and Control Subsystems)
Vbp12 24
Vbb12 55
Vop12 66 1.2-V Digital Logic Power Pins - no supply
needed when using internal VREG12. Tie with
Vop12 99 250-nF (minimum) to 750-nF (maximum) ceramic
Vbo12 75 capacitor (10% tolerance) to ground when using
internal VREG. Higher value capacitors may be
Vop12 58 used but could impact supply-rail ramp-up time.
Vbb12 "
Vbp12 90
Digital Logic Ground (Analog, Master, and Control Subsystems)
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TERMINAL(" PU OUTPUT
RFP 110/12? DESCRIPTION or BUFFER
NAME PIN NO. PD" STRENGTH
Vv PWR PAD Digital Ground Power Pad (located on the bottom
ss of the chip)
No Connect Pins
NC 91 This pin is a "no connect" (that is, this pin is not

connected to any circuitry internal to the device).

(1)  Throughout this table, Master Subsystem signals are denoted by the color blue; Control Subsystem signals are denoted by the color
green; and Analog Subsystem signals are denoted by the color orange.
(2) 1= Input, O = Output, Z = High Impedance, OD = Open Drain
(3) PU = Pullup, PD = Pulldown
*  GPIO_MUX1 pullups can be enabled or disabled by Cortex-M3 software (disabled on reset).
*  GPIO_MUX2 pullups can be enabled or disabled by C28x software (disabled on reset).
* AlIO_MUX1 and AIO_MUX2 terminals do not have pullups or pulldowns.
» All other pullups are always enabled ( XRS, ARS, TMS, TDI, EMUO, EMU1).
» All pulldowns are always enabled ( VREG18EN, VREG12EN, TRST).

(4) Alll/Os, except for GPIO135, are glitch-free during power up and power down. See Section 8.11.
(5) This muxing option is only available on silicon Revision A devices; this muxing option is not available on silicon Revision 0 devices.
(6) Output from the Concerto ePWM is meant for the external ADC (if present).
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) () (2)

MIN MAX UNIT
Vppio (/0 and Flash) with respect to Vsg -0.3 4.6
Supply voltage Vpp1g With respect to Vgg -0.3 2.5 \Y
Vpp12 with respect to Vgg -0.3 1.5
Analog voltage Vppa with respect to Vgga -0.3 4.6 \Y
Input voltage VN (3.3V) -0.3 4.6 \Y
Output voltage Vo -0.3 4.6 \Y
Supply ramp rate Vopio» Vopi1s: Vop12: Vopa With respect to Vgg 105 V/s
Input clamp current Iik (Vin < 0 or VN > Vppio)® -20 20 mA
Output clamp current lok (Vo <0 or Vg > Vppio) -20 20 mA
Free-Air temperature Ta -40 125 °C
Junction temperature(®) T, -40 150 °C
Storage temperature(®) Tstg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to Vss, unless otherwise noted.

(3) Continuous clamp current per pin is +2 mA.

(4) Long-term high-temperature storage or extended use at maximum temperature conditions may result in a reduction of overall device
life. For additional information, see Semiconductor and IC Package Thermal Metrics.

7.2 ESD Ratings — Automotive

VALUE UNIT
F28M35H52C in 144-pin RFP package
Human body model (HBM), per .
AEC Q100-002() All pins +2000
V(Esp) Electrostatic discharge . All pins +500 \%
Charged device model (CDM), - -
per AEC Q100-011 Corner pins on 144-pin RFP: +750
1,36, 37, 72,73, 108, 109, 144 -
(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
7.3 ESD Ratings — Commercial
VALUE UNIT
F28M35H52C, F28M35H22C, F28M35M52C, F28M35M22C, F28M35E20B in 144-pin RFP package
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
Vesp)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101 500 v
or ANSI/ESDA/JEDEC JS-0022) -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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7.4 Recommended Operating Conditions

MIN NOM MAX UNIT

Device supply voltage, 1/0, Vppio (M 2.97 33 3.63 \%
Device supply voltage, Analog Subsystem, Vpp4g
(when internal VREG is disabled and 1.8 V is 1.71 1.8 1.995 \Y
supplied externally)
Device supply voltage, Master and Control
Subsystems, Vpp12
(when internal VREG is disabled and 1.2 V is 1.14 1.2 132 v
supplied externally)
Supply ground, Vgg 0 \%
Analog supply voltage, Vppa (") 297 33 3.63 \Y
Analog ground, Vgsa 0 \

H52C, H22C 2 100
Device clock frequency (system clock) M52C, M22C 2 75 MHz
Master Subsystem

E20B 2 60

H52C, H22C 2 150
Device clock frequency (system clock) M52C, M22C D) 75 MHz
Control Subsystem

E20B 2 60

T version —40 105

ion@

Junction temperature, T, S version —40 125 °C

Q version

(AEC Q100 qualification) —40 150
Free-Air temperature, T (?AE%SCI;”OO qualification) —40 125 °C

(1) Vppio and Vppa should be maintained within approximately 0.3 V of each other.
(2) Operation above T, = 105°C for extended duration will reduce the lifetime of the device. See Calculating Useful Lifetimes of Embedded
Processors for more information.
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7.5 Power Consumption Summary
7.5.1 Current Consumption at 150-MHz C28x SYSCLKOUT and 75-MHz M3SSCLK

MODE

TEST CONDITIONS

VREG ENABLED

VREG DISABLED

2
Ippio ¢

)

Ippa

Ipp1s

Ipp12

2
Ippio ¢

)

Ippa

TYP

MAX

TYP MAX TYP

MAX

TYP

MAX

TYP

MAX

MAX

Operational (V)
(RAM)

The following Cortex-M3
peripherals are exercised:

12C1

SSlI1, SSI2

UARTO, UART1, UART2

CANO

usB

uDMA

Timer0, Timer1

uCRC

WDOGO0, WDOG1

Flash

Internal Oscillator 1,

Internal Oscillator 2
The following C28x peripherals are
exercised:

McBSP

eQEP1, eQEP2

eCAP1, eCAP2,

eCAP3, eCAP4

SCI-A

SPI-A

12C

DMA

VCU

FPU

Flash
The following Analog peripherals
are exercised:

ADC1, ADC2

Comparator 1,

Comparator 2,

Comparator 3,

Comparator 4,

Comparator 5,

Comparator 6

325 mA

- 40 mA -

25 mA

225 mA

65 mA

40 mA

SLEEP IDLE

. PLL is on.

. Cortex-M3 CPU is not
executing.

. M3SSCLK is on.
C28CLKIN is on.

. C28x CPU is not executing.

. C28CPUCLK is off.

. C28SYSCLK is on.

146 mA

- 2mA -

20 mA

110 mA

11 mA

2mA
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VREG ENABLED VREG DISABLED
MODE TEST CONDITIONS Iopio @ Ioba s [mrm Topio @ Ioba

TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX

PLL is on.

Cortex-M3 CPU is not
executing.

SLEEP HasseLicis on - 126 mA - 2mA - 20 mA - 90 mA - 11 mA - 2mA
STANDBY . C28CLKIN is off.

C28x CPU is not executing.
C28CPUCLK is off.

C28SYSCLK is off.

PLL is off.

Cortex-M3 CPU is not
executing.
g-E/_'\E,\TDSBLYEEP . '(\:A;’:(?fl:l: Iiz ?:;_kHZ- - 76 mA - 2mA - 5mA - 60 mA - 7mA - 2mA
C28x CPU is not executing.
C28CPUCLK is off.

C28SYSCLK is off.

(1)  The following is done in a loop:
» Code is running out of RAM.
* Al /O pins are left unconnected.
+  All the communication peripherals are exercised in loop-back mode.
* USB - Only logic is exercised by loading and unloading FIFO.
+ uDMA does memory-to-memory transfer.
+ DMA does memory-to-memory transfer.
* VCU - CRC calculated and checked.
* FPU - Float operations performed.
+ ePWM - 6 enabled and generates 150-kHz PWM output on 12 pins, HRPWM clock enabled.
+ Timers and Watchdog serviced.
+ eCAP in APWM mode generates 36.6-kHz output on 4 pins.
+ ADC performs continuous conversion.
* FLASH is continuously read and in active state.
+ XCLKOUT is turned off.
(2) Ippio current is dependent on the electrical loading on the I/O pins.
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7.5.2 Current Consumption at 100-MHz C28x SYSCLKOUT and 100-MHz M3SSCLK

MODE

TEST CONDITIONS

VREG ENABLED

VREG DISABLED

Ippio )

Ibpa

Ipp1s

Ipp12

Ippio @

Ippa

TYP MAX

TYP MAX TYP

MAX

TYP

MAX

TYP MAX

MAX

Operational ()
(RAM)

The following Cortex-M3
peripherals are exercised:

12C1

SSI1, SSI2

UARTO, UART1, UART2
CANO

UsB

uDMA

Timer0, Timer1
uCRC

WDOGO0, WDOG1
Flash

Internal Oscillator 1,

Internal Oscillator 2

The following C28x peripherals are
exercised:
McBSP
eQEP1, eQEP2
eCAP1, eCAP2,
eCAP3, eCAP4
SCI-A
SPI-A
12C
DMA
VCU
FPU
Flash
The following Analog peripherals
are exercised:
ADC1, ADC2
Comparator 1,
Comparator 2,
Comparator 3,
Comparator 4,
Comparator 5,

Comparator 6

- 295 mA

- 40 mA -

20 mA

200 mA

- 65 mA

40 mA

M

The following is done in a loop:

+ Code is running out of RAM.

* All l/O pins are left unconnected.

* All the communication peripherals are exercised in loop-back mode.
* USB - Only logic is exercised by loading and unloading FIFO.
+ uDMA does memory-to-memory transfer.

+ DMA does memory-to-memory transfer.
* VCU - CRC calculated and checked.

* FPU - Float operations performed.

+ ePWM - 6 enabled and generates 150-kHz PWM output on 12 pins, HRPWM clock enabled.

+ Timers and Watchdog serviced.

+ eCAP in APWM mode generates 36.6-kHz output on 4 pins.
» ADC performs continuous conversion.

* FLASH is continuously read and in active state.
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+  XCLKOUT is turned off.
(2) Ippio current is dependent on the electrical loading on the I/O pins.

36 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: F28M35H52C F28M35H52C-Q1 F28M35H22C F28M35M52C F28M35M22C
F28M35E20B


https://www.ti.com/product/F28M35H52C
https://www.ti.com/product/F28M35H52C-Q1
https://www.ti.com/product/F28M35H22C
https://www.ti.com/product/F28M35M52C
https://www.ti.com/product/F28M35M22C
https://www.ti.com/product/F28M35E20B
https://www.ti.com/lit/pdf/SPRS742
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS742L&partnum=F28M35H52C
https://www.ti.com/product/f28m35h52c?qgpn=f28m35h52c
https://www.ti.com/product/f28m35h52c-q1?qgpn=f28m35h52c-q1
https://www.ti.com/product/f28m35h22c?qgpn=f28m35h22c
https://www.ti.com/product/f28m35m52c?qgpn=f28m35m52c
https://www.ti.com/product/f28m35m22c?qgpn=f28m35m22c
https://www.ti.com/product/f28m35e20b?qgpn=f28m35e20b

13 TEXAS

INSTRUMENTS

www.ti.com

F28M35H52C, F28M35H52C-Q1, F28M35H22C

F28M35M52C, F28M35M22C, F28M35E20B
SPRS742L — JUNE 2011 — REVISED FEBRUARY 2021

7.5.3 Current Consumption at 75-MHz C28x SYSCLKOUT and 75-MHz M3SSCLK

VREG ENABLED

VREG DISABLED

MODE

TEST CONDITIONS

Ippio )

Ibpa

Ipp1s

Ipp12

Ippio @

Ippa

TYP MAX

TYP MAX TYP

MAX

TYP

MAX

TYP MAX

MAX

Operational ()
(RAM)

The following Cortex-M3
peripherals are exercised:

12C1

SSI1, SSI2

UARTO, UART1, UART2
CANO

UsB

uDMA

Timer0, Timer1
uCRC

WDOGO0, WDOG1
Flash

Internal Oscillator 1,

Internal Oscillator 2

The following C28x peripherals are
exercised:
McBSP
eQEP1, eQEP2
eCAP1, eCAP2,
eCAP3, eCAP4
SCI-A
SPI-A
12C
DMA
VCU
FPU
Flash
The following Analog peripherals
are exercised:
ADC1, ADC2
Comparator 1,
Comparator 2,
Comparator 3,
Comparator 4,
Comparator 5,

Comparator 6

- 275 mA

- 40 mA -

25 mA

175 mA

- 65 mA

40 mA

M

The following is done in a loop:

+ Code is running out of RAM.

* All l/O pins are left unconnected.

* All the communication peripherals are exercised in loop-back mode.
* USB - Only logic is exercised by loading and unloading FIFO.
+ uDMA does memory-to-memory transfer.

+ DMA does memory-to-memory transfer.
* VCU - CRC calculated and checked.

* FPU - Float operations performed.

+ ePWM - 6 enabled and generates 150-kHz PWM output on 12 pins, HRPWM clock enabled.

+ Timers and Watchdog serviced.

+ eCAP in APWM mode generates 36.6-kHz output on 4 pins.
» ADC performs continuous conversion.

* FLASH is continuously read and in active state.
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+  XCLKOUT is turned off.
(2) Ippio current is dependent on the electrical loading on the I/O pins.
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7.5.4 Current Consumption at 60-MHz C28x SYSCLKOUT and 60-MHz M3SSCLK

VREG ENABLED

VREG DISABLED

MODE

TEST CONDITIONS

Ippio )

Ibpa

Ipp1s

Ipp12

Ippio @

Ippa

TYP MAX

TYP MAX TYP

MAX

TYP

MAX

TYP MAX

MAX

Operational ()
(RAM)

The following Cortex-M3
peripherals are exercised:

12C1

SSI1, SSI2

UARTO, UART1, UART2
CANO

UsB

uDMA

Timer0, Timer1
uCRC

WDOGO0, WDOG1
Flash

Internal Oscillator 1,

Internal Oscillator 2

The following C28x peripherals are
exercised:
McBSP
eQEP1, eQEP2
eCAP1, eCAP2,
eCAP3, eCAP4
SCI-A
SPI-A
12C
DMA
VCU
FPU
Flash
The following Analog peripherals
are exercised:
ADC1, ADC2
Comparator 1,
Comparator 2,
Comparator 3,
Comparator 4,
Comparator 5,

Comparator 6

- 250 mA

- 40 mA -

20 mA

155 mA

- 65 mA

40 mA

M

The following is done in a loop:

+ Code is running out of RAM.

* All l/O pins are left unconnected.

* All the communication peripherals are exercised in loop-back mode.
* USB - Only logic is exercised by loading and unloading FIFO.
+ uDMA does memory-to-memory transfer.

+ DMA does memory-to-memory transfer.
* VCU - CRC calculated and checked.

* FPU - Float operations performed.

+ ePWM - 6 enabled and generates 150-kHz PWM output on 12 pins, HRPWM clock enabled.

+ Timers and Watchdog serviced.

+ eCAP in APWM mode generates 36.6-kHz output on 4 pins.
» ADC performs continuous conversion.

* FLASH is continuously read and in active state.
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XCLKOUT is turned off.
(2) Ippio current is dependent on the electrical loading on the I/O pins.

Note

The peripheral-I/O multiplexing implemented in the device prevents all available peripherals from
being used at the same time because more than one peripheral function may share an /O pin. It
is, however, possible to turn on the clocks to all the peripherals at the same time, although such a
configuration is not useful. If the clocks to all the peripherals are turned on at the same time, the
current drawn by the device will be more than the numbers specified in the current consumption tables
(Section 7.5.1, Section 7.5.2, Section 7.5.3, and Section 7.5.4).
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7.6 Electrical Characteristics

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vi Low-level input voltage (3.3 V) Vgs—0.3 Vppio *0.3| V
VIH High-level input voltage (33 V) VDDIO *0.7 VDDIO +0.3 \Y
Vo|_ Low-level OUtpUt voltage IOL = |0|_ MAX VDDIO *0.2 \Y
lon = lon MAX V| *0.8
VoH High-level output voltage OH ~ OH bDIo V
lOH =50 pA VDDIO -0.2
All GPIO pins =50 —-230
Pin with pullup 1y, 33V, V=0V |XRS pin _50 230
| Input current | enabled - A
IL (|OW Ievel) ARS pin -100 -400 M
Pin with pulldown _ _ )
enabled Vopio =3.3V, V=0V +2
Pin with pullup
V =33V,Vny=V +2(1)
| Input current | enabled ppio N~ TDDio uA
IH ;
(high level) | Pin with pulldown
enabled P Vppio =3.3V, Vin = Vppio 50 200
| Low-level output sink current, Vg, | All GPIO/AIO pins mA
oL = VoL(max) Group 2@ 8
| High-level output source current, |All GPIO/AIO pins —4 mA
OH VoH = VoHMIN) Group 2@ -8
Output current, pullup or pulldown
loz disa‘;le 3 puliuporp Vo = Vppio or 0V 20| pA
C Input capacitance 2 pF
Digital Subsyst.em POR reset Time after POR event is removed to XRS release 50 us
release delay time
Analog Subsy;tem POR reset Time after POR event is removed to ARS release 400 800| s
release delay time
VREG Vpp1g output Internal VREG18 on 1.77 1.935| V
VREG Vpp12 output Internal VREG12 on 1.2 \%

(1) For GPIO38 and GPI046 (USB OTG pins), this parameter is +8 pA.
(2) Group 2 pins are as follows: PD3_GPI019, PE2_GPIO026, PE3_GPI027, PH6_GPI054, PH7_GPIO55, EMUO, TDO, EMU1,
PDO_GPIO16, AlO7, AlOA4.
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7.7 Thermal Resistance Characteristics for RFP PowerPAD Package

‘ °c/w) AIR FLOW (Ifm)@
ROyc Junction-to-case thermal resistance 6.3 0
ROg Junction-to-board thermal resistance 44 0
18.8 0
E_ﬁ)gJﬁ k PCB) Junction-to-free air thermal resistance :;2 ;28
8.6 500
0.3 0
Psiyr Junction-to-package top 0.2 150
03 250
03 500
4.8 0
Psijg Junction-to-board 4.6 150
4.5 250
4.4 500

(1)  These values are based on a JEDEC defined 2S2P system (with the exception of the Theta JC [RO,¢] value, which is based on
a JEDEC defined 1SOP system) and will change based on environment as well as application. For more information, see these
EIA/JEDEC standards:

+ JESD51-2, Integrated Circuits Thermal Test Method Environmental Conditions - Natural Convection (Still Air)
+ JESD51-3, Low Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages
+ JESD51-7, High Effective Thermal Conductivity Test Board for Leaded Surface Mount Packages

+ JESD51-9, Test Boards for Area Array Surface Mount Package Thermal Measurements
(2) Ifm = linear feet per minute

7.8 Thermal Design Considerations

Based on the end-application design and operational profile, the Ipp¢2, Ipp1s, and Ippjo currents could vary.
Systems that exceed the recommended maximum power dissipation in the end product may require additional
thermal enhancements. Ambient temperature (Tp) varies with the end application and product design. The
critical factor that affects reliability and functionality is T, the junction temperature, not the ambient temperature.
Hence, care should be taken to keep T, within the specified limits. T.s5e Should be measured to estimate the
operating junction temperature T. T3¢ iS Normally measured at the center of the package top-side surface. For
more details about thermal metrics and definitions, see Semiconductor and IC Package Thermal Metrics.
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7.9 Timing and Switching Characteristics
7.9.1 Power Sequencing

There is no power sequencing requirement needed to ensure the device is in the proper state after reset or to
prevent the I/Os from glitching during power up and power down. (All 1/Os, except for GPIO135, are glitch-free
during power up and power down.) No voltage larger than a diode drop (0.7 V) above Vpp,o should be applied to
any digital pin (for analog pins, this value is 0.7 V above Vppa) before powering up the device. Voltages applied
to pins on an unpowered device can bias internal p-n junctions in unintended ways and produce unpredictable
results.

VDDIO' VDDA
(33V)

o twRrsy) — % User-code dependent

) ‘ tw(RsL1)
XRS

Address/data valid, internal boot-ROM code execution phase

Address/Data/
Control @( \4 X /

(Internal) - -
taEx) ——¥ User-code execution phase
th(boot-mode)(c) 4‘—"‘ ‘ User-code dependent
L
1)
Boot-Mc?de GPIO pins as input W / @( -
Pins y
Peripheral/GPIO functi
Boot-ROM execution starts eriphera unction

Based on boot code

1/0 Pins W GPIO pins as input (state depends on internal PU/PD) X v

User-code dependent

Figure 7-1. Power-On Reset

A. Upon power up, PLLSYSCLK is OSCCLK/8. Because the XCLKOUTDIV bits in the XCLK register come up with a reset state of 0,
PLLSYSCLK is further divided by 4 before PLLSYSCLK appears at XCLKOUT. XCLKOUT = OSCCLK/32 during this phase.

B. Boot ROM configures the SYSDIVSEL bits for /1 operation. XCLKOUT = OSCCLK/4 during this phase. XCLKOUT will not be visible at
the pin until explicitly configured by user code.

C. After reset, the boot ROM code samples Boot Mode pins. Based on the status of the Boot Mode pin, the boot code branches to
destination memory or boot code function. If boot ROM code executes after power-on conditions (in debugger environment), the boot
code execution time is based on the current M3SSCLK speed. The M3SSCLK will be based on user environment and could be with or
without PLL enabled.

D. The XRS pin will be driven low by on-chip POR circuitry until the Vpp)o voltage crosses the POR threshold. (The POR threshold is lower
than the operating voltage requirement.) To allow the external clock to stabilize, the XRS pin may also need to be driven low by the
system for additional time.
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7.9.1.1 Reset ( XRS) Timing Requirements

MIN MAX| UNIT

™ Hold time for boot-mode pins 14000ty mac) cycles

th(boot-mode)
Pulse duration, XRS low 32t;0ck) cycles

tw(rsL2)

(1)  The minimum hold time for boot mode pins is 23 times longer for silicon revision 0 devices.

7.9.1.2 Reset ( XRS) Switching Characteristics

over recommended operating conditions (unless otherwise noted)

PARAMETER MIN TYP MAX UNIT
tw(rsL1) Pulse duration, XRS driven by device 600 us
twwDRs) Pulse duration, reset pulse generated by watchdog 512tgi0ck) cycles
taEx) Delay time, address/data valid after XRS high 32tg0ck) cycles
tinToscsT Start-up time, internal zero-pin oscillator 3 us
toscst (" On-chip crystal-oscillator start-up time 2 ms

(1) Dependent on crystal/resonator and board design.

|
XCLKOUT|||||||||||\ " A ~

! User-Code Dependent

L—tw(RSLZ)H
XRS |
\ )[\ | User-Code Execution Phase
Address/Data/ o'o'o'o'o'o'o'o'o'o'o'o"0
Control _User-Code Execution  XQOQQOUXXXXXXXZENR, XK )&

(Internal)

X i t . (A)
Boot-ROM Execution Starts ) F—bﬁ h(boot-mode)

Boot-Mode - - - )
Pins Peripheral/GPIO Function X GPIO Pins as Input . I XPeripherallGPIO Funcﬁ%/’
12
User-Code Execution Starts

1/0 Pins User-Code Dependent X GPIO Pins as Input (State Depends on Internal PU/PD) X/
User-Code Dependent

A. After reset, the Boot ROM code samples BOOT Mode pins. Based on the status of the Boot Mode pin, the boot code branches to
destination memory or boot code function. If Boot ROM code executes after power-on conditions (in debugger environment), the Boot
code execution time is based on the current M3SSCLK speed. The M3SSCLK will be based on user environment and could be with or

without PLL enabled.
Figure 7-2. Warm Reset

7.9.1.3 Power Management and Supervisory Circuit Solutions

LDO selection depends on the total power consumed in the end application. Go to the Power management
product folder to select a device and to access reference designs, technical documents, support and training.
The Power management guide is also available for download.
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7.9.2 Clock Specifications

This section provides the frequencies and timing requirements of the input clocks; PLL lock times; frequencies of
the internal clocks; and the frequency and switching characteristics of the output clock.

7.9.2.1 Changing the Frequency of the Main PLL

When configuring the PLL, it should be locked twice in a row. The PLL will be ready to use in the system
when the xPLLSTS[xPLLLOCKS] bit is set after the second lock. The SysCtlClockPIIConfig () function in
sysctl.c, found in controlSUITE™, may be referenced as an example of a proper PLL initialization sequence. For
additional information, see the "Clock Control" section of the Concerto F28M35x Technical Reference Manual.

7.9.2.2 Input Clock Frequency and Timing Requirements, PLL Lock Times

Section 7.9.2.2.1 shows the frequency requirements for the input clocks to the F28M35x devices. Table 7-1
shows the crystal equivalent series resistance requirements. Section 7.9.2.2.3, Section 7.9.2.2.4, Section
7.9.2.2.5, Section 7.9.2.2.6 and show the timing requirements for the input clocks to the F28M35x devices.
Section 7.9.2.2.7 shows the PLL lock times for the Main PLL and the USB PLL. The Main PLL operates from the
X1 or X1/X2 input clock pins, and the USB PLL operates from the XCLKIN input clock pin.

7.9.2.2.1 Input Clock Frequency

MIN MAX| UNIT
foosc) Frequency, X1/X2, from external crystal or resonator 2 20| MHz
foocn Frequency, X1, from external oscillator (PLL enabled) 2 30| MHz
focn Frequency, X1, from external oscillator (PLL disabled) 2 100| MHz
fixc) Frequency, XCLKIN, from external oscillator 2 60| MHz

Table 7-1. Crystal Equivalent Series Resistance (ESR) Requirements

CRYSTAL FREQUENCY (MHz) MAXIMUM ESR (Q) MAXIMUM ESR (Q)
(1) (CL1/2 = 12 pF) (CL1/2 = 24 pF)
2 175 375
4 100 195
6 75 145
8 65 120
10 55 110
12 50 95
14 50 9
16 45 75
18 45 65
20 45 50

(1)  Crystal shunt capacitance (C0O) should be less than or equal to 7 pF.
7.9.2.2.2 Crystal Oscillator Electrical Characteristics

over recommended operating conditions (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

f = 20 MHz; ESR MAX = 50 Q;
CL1=CL2 =24 pF, CO =7 pF

Start-up time(")

(1) Start-up time is dependent on the crystal and tank circuit components. It is recommended that the crystal vendor characterize the
application with the chosen crystal.
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7.9.2.2.3 X1 Timing Requirements - PLL Enabled("

MIN MAX| UNIT
tioc) Fall time, X1 6| ns
troci Rise time, X1 6| ns
twiocL) Pulse duration, X1 low as a percentage of t;ocy) 45% 55%
twiocH) Pulse duration, X1 high as a percentage of t;oc) 45% 55%

(1)  The possible Main PLL configuration modes are shown in Table 8-19 to Table 8-22.
7.9.2.2.4 X1 Timing Requirements - PLL Disabled

MIN  MAX| UNIT

. Up to 20 MHz 6

tf(oc|) Fall time, X1 ns
20 MHz to 100 MHz 2
o Up to 20 MHz 6

tro