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F28M36x Concerto™ Microcontrollers

1 Device Overview

1.1 Features

Master Subsystem — Arm® Cortex®-M3
— 125 MHz
— Embedded memory
— Up to 1MB of flash (ECC)
— Up to 128KB of RAM (ECC or parity)
— Up to 64KB of shared RAM
— 2KB of IPC Message RAM

— Five Universal Asynchronous
Receiver/Transmitters (UARTS)

— 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
(LDMA)

— 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 142 individually programmable, multiplexed

General-Purpose Input/Output (GPIO) pins

— Glitch-free 1/0s

Control Subsystem — TMS320C28x 32-bit CPU
— 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)
— Up to 64KB of shared RAM
— 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)

— 12 Enhanced Pulse Width Modulator (ePWM)
modules

— 24 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 (ADCSs)
Up to 2.88 MSPS

Up to 24 channels

Four Sample-and-Hold (S/H) circuits

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

Package

— 289-ball ZWT New Fine Pitch Ball Grid Array
(nFBGA)

Temperature options:
— T:-40°C to 105°C Junction
— S: —40°C to 125°C Junction

A
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1.2 Applications

« Automated sorting equipment » Servo drive control module

e CNC control e AC-input BLDC motor drive

» Central inverter e DC-input BLDC motor drive

e String inverter e Industrial AC-DC

* AC drive control module e Three phase UPS

1.3 Description

The Concerto family is a multicore system-on-chip microcontroller unit (MCU) with independent
communication and real-time control subsystems. The F28M36x family of devices is the second 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
F28M36P63C2ZWT nFBGA (289) 16.0 mm x 16.0 mm
F28M36P53C2ZWT nFBGA (289) 16.0 mm x 16.0 mm

(1) For more information on these devices, see Mechanical, Packaging, and Orderable Information.
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1.4 Functional Block Diagram
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2 Revision History

Changes from December 15, 2017 to June 23, 2020 (from E Revision (December 2017) to F Revision) Page
* Global: Removed F28M36H53C2 and F28M36H33C2. ....uiiiieiiiiiiiniiistiiiseiisriare s s it ssiassansraseias 1
e Global: Replaced "emulator” with "JTAG debug probe”. ... e 1
e Section 1.1 (Features): Added "Three External INterrupts” fEature. .....ovviiiiiiiiiiiiiriiri i raees 1
LIS T=Tox 1 1o] o 24 2Y o] o] o= o] £ B U 1o o =1 (= To =Y =Tox 1 o] o TS 2
e Section 3.1 (Related Products): Updated SECHON. ..uuueeiiutiieeiirirneiiisisratssissanerrssasssinssasssaasaannens 9
« Table 4-1 (Signal Descriptions): Updated DESCRIPTION of XRS, EMUO, and EMUL. ....c..cevnienieeneeineeineennnnn. 15
« Section 5.2 (ESD Ratings — Commercial): Changed title from "ESD Ratings" to "ESD Ratings — Commercial”. ..... 42
e Section 5.2: Added ANSI/ESDA/JEDEC JS-002 to charged-device model (CDM)......cuvviuieriiinnnsiriinnnriinnnneinns 42
e Section 5.9.1.1 (Power Management and Supervisory Circuit Solutions): Updated Section. ..........cevvveivierinnnnns 52
e Section 5.10.1.5 (ADC Electrical Data and Timing): Removed "Typical ADC Total Error" figure (was Figure 5-12

LIS o TS 12451 73
» Table 5-38 (Electrical Characteristics of the Comparator/DAC): Changed "Comparator response time to PWM

Trip Zone (Async)" parameter to "Comparator response time t0 GPIO". ... i 76
e Table 5-75 (SPI Master Mode External Timing (Clock Phase = 0)): Updated MIN value (for both BRR EVEN and

BRR ODD) fOr PArameter 23, tygpeym. ««««««sssssrsrerrrurumnmsmmmearisustetrtrtarasstatrrararaaaraaaaaarrraaeaaa 145
e Table 5-76 (SPI Master Mode External Timing (Clock Phase = 1)): Updated MIN value (for both BRR EVEN and

BRR ODD) for Parameter 23, tygpaym: «« s« «sssssrereresusumsmtmtstssssststrasssssa s 147

* Table 6-7 (Control Subsystem Flash, ECC, OTP, Boot ROM): Removed references to 256KB Flash from
0010 0000 to 0011 FFFF. Changed SIZE (BYTES) of EPIO from 2G to 2M. Added footnote about Control

Subsystem having less address reach to EPl memory than the Master Subsystem. ......cccvviiiiiiiiiiiniiiiinnenn. 165
e Table 6-8 (Master Subsystem Flash, ECC, OTP, Boot ROM): Updated M ADDRESS range 0068 0480 to

L0000 166
* Table 6-8: Removed references to 256KB Flash from 0022 0000 to 002D FFFF. .....ccoviiiiiiiiiiiiiiiiiinenaens 166
» Table 6-11 (Master Subsystem Analog and EPI): Added footnote about Control Subsystem having less address

reach to EPl memory than the Master SUDSYSIEM. .. ... it riar e s s e s s r e s aaannes 171
e Section 6.18 (Code Security Module): Updated SECHON. ...uiiiueieiriiieiiiiieeiaiine i isansrssiannsssiaannnesas 240
« Section 7.1 (Tl Reference Design): Changed section title from "TI Design or Reference Design" to "TI Reference

(DT To IO oo F= 1 (= Y= 3 o) o PPN 244
e Section 8 (Device and Documentation Support): Changed "Community Resources" section to "Support

Resources" section. Updated SECHON. .....i.uiieiieiieiiii e 245
e Section 8.2 (Tools and Software): Updated SECHON. «....ueieiiiieiiiieeriiee st rrass s s raanra s saannrssraanreaanns 246
e Section 8.3 (Documentation Support): Updated SECHON. ...uueiieteiiiieiriiie i rrie s saars s raanrr s raananeaas 247
e Section 8.4 (Related Links): Updated SECON. ...ivueiiiuieiteiieiiiesiantssiessatsrasssaeasansrannsssassanrssasssansesnns 248
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3 Device Comparison

Table 3-1 lists the features of the F28M36x devices.

Table 3-1. Device Comparison

FEATURE | TYPEW | P63C2 P53C2 H53B2 H33B2
Master Subsystem — Arm Cortex-M3
Speed (MHz)® - 125 125 100 100
Flash (ECC) (KB) - 1024 512 512 512
RAM (ECC) (KB) - 16 16 16 16
RAM (Parity) (KB) - 112 112 112 112
IPC Message RAM (Parity) (KB) - 2 2 2 2
Security Zones - 2 2 2 2
10/100 ENET 1588 Mll 0 Yes Yes No No
USB OTG FS 0 Yes Yes No No
SSI/SPI 0 4 4 4 4
UART 0 5 5 5 5
12C 0 2 2 2 2
CAN® 0 2 2 2 2
UDMA 0 32-ch 32-ch 32-ch 32-ch
EPI® 0 1 1 1 1
HCRC module 0 1 1 1 1
General-Purpose Timers - 4 4 4 4
Watchdog Timer modules - 2 2 2 2
Control Subsystem — C28x
Speed (MHz)® 150 150 150 150
FPU Yes
VCU Yes
Flash (ECC) (KB) 512 512 512 512
RAM (ECC) (KB) 20 20 20 20
RAM (Parity) (KB) 16 16 16 16
IPC Message RAM (Parity) (KB) 2 2 2
Security Zones
ePWM modules 12: 24 outputs
High-Resolution Pulse Width Modulator (HRPWM) outputs 16 outputs
eCAP modules/PWM outputs 6 (32-bit)

6 Device Comparison
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Table 3-1. Device Comparison (continued)

FEATURE TYPE® P63C2 | P53C2 | H5382 H33B2
eQEP modules 0 3 (32-hit)
Fault Trip Zones - 12 on any of 64 GPIO pins
McBSP/SPI 1 1 1 1 1
SCI 0 1 1 1 1
SPI 0 1 1 1 1
12C 0 1 1 1 1
DMA 0 6-ch 6-ch 6-ch 6-ch
EPI® 0 1 1 1 1
32-Bit Timers - 3 3 3 3
Shared
Shared RAM (Parity) (KB) 64 64 64 0
MSPS® 2.88 2.88 2.88 2.88
) Conversion Time® 347 ns 347 ns 347 ns 347 ns
12-Bit ADC 1 3
Channels 12 12 12 12
Sample-and-Hold 2 2 2 2
MSPS® 2.88 2.88 2.88 2.88
) Conversion Time® 347 ns 347 ns 347 ns 347 ns
12-Bit ADC 2 3
Channels 12 12 12 12
Sample-and-Hold 2 2 2 2
Comparators with Integrated DACs 0 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 6.10
Additional Safety
Master Subsystem 2 Watchdogs, NMI Watchdog: CPU, Memory
Control Subsystem NMI Watchdog: CPU, Memory
Shared Critical Register and 1/0O Function Lock Protection; RAM Fetch Protection
Copyright © 2012-2020, Texas Instruments Incorporated Device Comparison 7
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Table 3-1. Device Comparison (continued)
FEATURE TYPE® | P63C2 | P53C2 H5382 H33B2
Packaging
Package Type 289-Ball ZWT New Fine Pitch Ball Grid Array Yes Yes Yes Yes
. T: -40°C to 105°C - Yes Yes Yes Yes
Junction Temperature (T;)
S: -40°C to 125°C - Yes Yes Yes Yes

(1) A type 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 125 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 125 MHz, the
maximum frequency of the C28x is limited to 125 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) An integer 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.

Table 3-2. Possible Speed Combinations for Cortex-M3 and C28x Cores

Cortex-M3 75 MHz 125 MHz 100 MHz
C28x 150 MHz 125 MHz 100 MHz
8 Device Comparison Copyright © 2012-2020, Texas Instruments Incorporated
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3.1 Related Products
For information about other devices in this family of products, see the following link:

F28M35x 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.

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.

Copyright © 2012-2020, Texas Instruments Incorporated Device Comparison 9
Submit Documentation Feedback
Product Folder Links: F28M36P63C2 F28M36P53C2 F28M36H53B2 F28M36H33B2


http://www.ti.com/product/f28m36p63c2?qgpn=f28m36p63c2
http://www.ti.com/product/f28m36p53c2?qgpn=f28m36p53c2
http://www.ti.com/product/f28m36h53b2?qgpn=f28m36h53b2
http://www.ti.com/product/f28m36h33b2?qgpn=f28m36h33b2
http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS825F&partnum=F28M36P63C2
http://www.ti.com/product/f28m36p63c2?qgpn=f28m36p63c2
http://www.ti.com/product/f28m36p53c2?qgpn=f28m36p53c2
http://www.ti.com/product/f28m36h53b2?qgpn=f28m36h53b2
http://www.ti.com/product/f28m36h33b2?qgpn=f28m36h33b2
http://www.ti.com/product/f28m35h52c
http://www.ti.com/product/TMS320F28388D

F28M36P63C2, F28M36P53C2 I, -{EXAS
F28M36H53B2, F28M36H33B2 NSTRUMENTS
SPRS825F —~OCTOBER 2012—REVISED JUNE 2020 www.ti.com

4 Terminal Configuration and Functions

4.1 Pin Diagrams

Figure 4-1 illustrates the ball locations for the 289-ball ZWT new fine pitch ball grid array package and is
used in conjunction with Figure 4-2, Figure 4-3, Figure 4-4, and Figure 4-5 to locate signal names and ball
grid numbers.

0000000000000 OOO0O0OO
[eJeJo)eoJoJoXoXoJoXoJoXoXo o XoXoXoXoXo)
[eJeJo)eoJoJoXoXoJoJoJoXoXo o XoXoXoXo o)
0000000000000 OOOO0OO

w O0O000O00O0O0O0OO0O0OOOO0OO
v 0000000000000 OO0OO0O
U O0O000O0O0O0O0O0OOO0OOOO0OO
T 0000000000000 O0O0OOOO
R [e)eXeXe) 0000
P 0000 0000
N [e)eXeXe) 0000000 0000
M 0000 O00000O0 0000
L 0000 0000000 0000
K [e)eXeXe) 0000000 0000
J 0000 O00000O0 0000
H 0000 0000000 0000
G [e)eXeXe) 0000000 0000
F 0000 0000
E 0000 0000
D
C
B
A

1.3 5 7 9 1 13 15 17 19
2 4 6 8 10 12 14 16 18

Figure 4-1. 289-Ball ZWT New Fine Pitch Ball Grid Array (Bottom View)
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Figure 4-2 through Figure 4-5 show the terminal assignments on the 289-ball ZWT package in four
guadrants (A, B, C, and D). See Table 4-1 for the complete multiplexed signal names.

1 2 3 4 5 6 7 8 9
W v Y PK5_ PC1_ PD2_ PD3_ PC5_ PC4_ PE1_ \W
S8 S8 GPIO77 | GPIOB5 | GPIO18 | GPIO19 | GPIO69 | GPIOB8 | GPIO25 | |
\
v v PK6_ PK7_ PCO_ PC3_ PE3_ PH2_ PC6_ PC7_ | )
ss GPIO78 | GPIO79 | GPIO64 | GPIO67 | GPIO27 | GPIO50 | GPIO70 | GPIO71 \
\

ul PLO_ PL1_ PL2_ PK4_ PC2_ PE2_ PH3_ PH1_ PH5_ U\

GPIO80 | GPIO81 | GPIO82 | GPIO76 | GPIO66 | GPIO26 | GPIO51 | GPIO49 | GPIO53

\
PL3 PL5 PL6 \
T GPIO§3 Gplogs GPIOEG VDDIO VDDIC' VSS VDDIO VDDlO VSS T \
\
5 6 7 8 9 \

R | PMO_ PM1_ PM2_ Vv R

GPI088 | GPIO89 | GPIO90 ss \

\

p| PM3_ PM4_ PM5_ PME_ | o \

GPIO91 | GPIO92 | GPIO93 | GPIO94 \

\
PM7 PS7 PS6 PB4
— — _ _ Y \Y
N'| GPI035 | GPIO735 | GPIOT34 | GPioT2 | N Voorz bpio ooo | N \
\

M| PS5 PS4 PS3_ PBS_ |\, v v v M \

GPIO133 | GPIO132 | GPI0131| GPIO13 DD12 ss 88 \

\
PS2_ PS1_ \
Ll FLT2 i Gpiofao |GPiofae | Vs | b Vooio | Vss Ve | L \
\
PSO_ PR7_ \

K1 FLT | Gpiofos |Gpiofar| Yss | K Vooo | Vs Vss | K \

A. See Table 4-1 for the complete multiplexed signal names.

Figure 4-2. 289-Ball ZWT New Fine Pitch Ball Grid Array (Bottom View) — [Quadrant A]
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10 1 12 13 14 15 16 17 18 19
w/| PEO_ | PG7_ | PF6_ | PG6_ | PG2_ | PG5_ | PJO_ | PD7_ v v
] GPI024 | GPIO47 | GPIO38 | GPIO46 | GPIO42 | GPIO45 | GPIO56 | GPIO23 ss ss
/
PHO_ | PGO_ | PJ2_ | PJ1_ PJ5_ | PJ_ | PJ6_ | PDB_ | PL7_ v
V| GPI04s | GPIO0 | GPIOSS | GPIOS? | GPIOB1 | GPIOBO | GPIOB2 | GPIO22 | GPIOE? ss
/
/ PH4_ | PF5_ | PGI_ | PF4_ | PJ3_ | PD4_ | PD5_ | PL4_ | PE5_
| U | GPIOB2 | GPIO37 | GPIO41 PDIO | GPIO36 | GPIO59 | GPIO20 | GPIO21 | GPIO84 | GPIO29
/
// T VDD12 VDD12 VDD12 VDDIO VSS VDDIO VDDIO GS|NO71_03 G||33I|Ec4)§8 TDO
/ 10 1 12 13 14 15
PH6_ | PN6_
/ R| VYss | Gpios4 |Gpiofoz| EMUT
/
/ PF2_ | PF3_ | PH7_ | 0
/ P | GPIO34 | GPIO35 | GPIO55
/
/ PK1 PG3 PRO S—
Y v \ \ - — —
] N DDIO DDIO DD12 DD12 N | GPIO73 | GPIO33 | GPIOT20 TRST
/
PK2_ | PR3_ | PRI1_
/ mo| Ve Ves Ves | Voor wm | GPI074 | GPIOT23| GPIOT21| TMS
/
/ v v v v v PNO_ | PK3_ | o
/ L ss ss ss boio L S| GPIOY6 | GPIO75
/
/ PKO PR2
j Vs Ves Ves | Vooio « | Vs | cpio72 [epiofz2| TP
/ —
1 12 13 16 17 487 19

/ 10

A. See Table 4-1 for the complete multiplexed signal names.

Figure 4-3. 289-Ball ZWT New Fine Pitch Ball Grid Array (Bottom View) — [Quadrant B]
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\ ——
\ -
\ o
\ T
\ 10 " 12 13 16 17 18— _ 19
\ J v v v, v, Y PN1_ | PN2_ X1 J
\ ss s ss poio S| GPIO97 | GPIO98
\
\ V. v v v PNS | oBile | v V.
H ss ss ss DDIO H | gpio101 | GPlO63/ $S0SC ssosc | H
\ XCLKIN
\
PP1_ | PPO_ | PN3_
\\ G | Vooo | Vooo | Vooo | Voowo G | GPioT05 | GPIOT04 | GPIOge | X2 | ©
\
\ £ | PDO_ PP2_ PN4_ PD1_ | £
GPIO16 | GPIO106 | GPIO100 | GPIO17
\
\ PF1 PP3
\ El Vss | gpio33 | gpiofor |VREGTZEN| E
10 " 12 13 14 15
\
\
\ D Vssa Vssa Vobis Voo1s Vss Vboio Vboio GFI;'I:gEQ GFI;?SZ4 GgI:8§2 D
\
\ PQO_ PP6_ PP5_ PP4_
\ C Vbpa Vopa  |[ADC1INAG|ADC1INAO|ADC1INB4|/ADC1INB7| GPI0712 | aPIo110 | GPIO109 | GPIOT08 (¢}
\
'8 |ADC2INAB|ADC1INA7|ADC1INA3|ADC1INA2|ADC1INB3|ADCINB6| GPIO197 GPI0199®™ GE|F(,J71_11 Vss B
\
\
A\ ADC2INA7|ADC1INA4|ADC1Vgery | ADC1INBO|ADC1INB2| VREGT8EN | GP10196 | GP10198 Vss Vss A
10 1 12 13 14 15 16 17 18 19
A. Al l/Os, except for GPI0199, are glitch-free during power up and power down. See Section 6.11.
B. See Table 4-1 for the complete multiplexed signal names.
Figure 4-4. 289-Ball ZWT New Fine Pitch Ball Grid Array (Bottom View) — [Quadrant C]
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- /
o /
P /
- /
1T 2 3 4 7 8 9 /
— /
PR6_ PR5_ PR4_ /
J | GPI0126 | GPIOT25 | GPIOT24 | Vss | Y Vooio Vss Vss J /
/
PE7_ | PE6_ PB7_ PB6_ /
H'1 Gpio31 | ePI030 | cpPioT5 | cpioTa | M Vooio Vss Vss H j
/
PB3_ PB2_ PB1_ PBO_
G | epioT1 | GPIOT0 | GPICS | GPICE | © Vooo | Voo | Vooo | G //
/
F| PAT_ PA6_ PA5_ PA4_ | o j
GPIO7 | GPIOB | GPIO5 | GPIO4
/
£ | PAs_ PA2_ PA1_ v E /
GPIO3 | GPIO2 GPIO1 S8 /
5 6 7 8 9
/
PA PQ7 P /
D GPI%_O GPIC(I)1_19 GP%S‘HB Vooio Vooio Vss Vop1g Vssa Vssa D |
/
S PQ5_ | PQ4_ | PQ3_ | PQ2_ PQ1_ /
C| XRS | Gpoii7 | GPIOTI6 | GPIOT15 | GPIOTI4 | GPIOTi3 | Vope [ADC2INAOL Vopa | C ]
/
B| Vss |GPIO195 | GPIO194 | GPIO193 |[ADC2INB7|ADC2INB4|ADC2INB2|ADC2INA2|ADC2INA3| B
/
/
A | Vss Vss ARS | GPIO192 |ADC2INB6|ADC2INB3{ADC2INBO|ADC2VeryADC2INA4( | A
1 2 3 4 5 6 7 8 9
A. See Table 4-1 for the complete multiplexed signal names.
Figure 4-5. 289-Ball ZWT New Fine Pitch Ball Grid Array (Bottom View) — [Quadrant D]
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4.2 Signal Descriptions

Table 4-1 describes the signals.

Table 4-1. Signal Descriptions®

TERMINAL PU OUTPUT
ZWT 1101z DESCRIPTION or BUFFER
NAME BALL NO. PD®) STRENGTH
ADC 1 Reference Inputs, Analog Comparator Inputs, DAC Inputs, AlIO Group 1
| s Eter igh Reference  used only when
ADCIVggrio see Vss || INADC extemal reference mode.
ADC1INAO C13 | ADC1 Group A, Channel 0 input
ADC1INA2 | ADC1 Group A, Channel 2 input
COMPA1 B13 | Comparator Input A1 4 mA
AlO2 110 Digital AlO2
ADC1INA3 B12 | ADC1 Group A, Channel 3 input
ADC1INA4 | ADC1 Group A, Channel 4 input
COMPA2 All | Comparator Input A2 4 mA
AlO4 110 Digital AlO4
ADC1INAG6 | ADC1 Group A, Channel 6 input
COMPA3 C12 | Comparator Input A3 4 mA
AlO6 110 Digital AlO6
ADC1INA7 B11 | ADC1 Group A, Channel 7 input
ADC1INBO A13 | ADC1 Group B, Channel 0 input
ADC1INB2 | ADC1 Group B, Channel 2 input
COMPB1 Al4 | Comparator Input B1 4 mA
AlO10 110 Digital AIO10
ADC1INB3 B14 | ADC1 Group B, Channel 3 input
ADC1INB4 | ADC1 Group B, Channel 4 input
COMPB2 Cl4 | Comparator Input B2 4 mA
AlO12 110 Digital AlO12
ADC1INB6 | ADC1 Group B, Channel 6 input
COMPB3 B15 | Comparator Input B3 4 mA
AlO14 110 Digital AlO14
ADC1INB7 C15 | ADC1 Group B, Channel 7 input
ADC 2 Reference Inputs, Analog Comparator Inputs, DAC Inputs, AIO Group 2
s || oz Extema oh Reference - used any when
seeVoss | | |ADCEEernlLow Refrence used ony when
ADC2INAO c8 | ADC2 Group A, Channel 0 input
ADC2INA2 | ADC2 Group A, Channel 2 input
COMPA4 B8 | Comparator Input A4 4 mA
AlO18 110 Digital AlIO18
ADC2INA3 B9 | ADC2 Group A, Channel 3 input
ADC2INA4 | ADC2 Group A, Channel 4 input
COMPAS5 A9 | Comparator Input A5 4 mA
AlO20 lfe} Digital AlIO20
Copyright © 2012-2020, Texas Instruments Incorporated Terminal Configuration and Functions 15

Submit Documentation Feedback
Product Folder Links: F28M36P63C2 F28M36P53C2 F28M36H53B2 F28M36H33B2


http://www.ti.com/product/f28m36p63c2?qgpn=f28m36p63c2
http://www.ti.com/product/f28m36p53c2?qgpn=f28m36p53c2
http://www.ti.com/product/f28m36h53b2?qgpn=f28m36h53b2
http://www.ti.com/product/f28m36h33b2?qgpn=f28m36h33b2
http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS825F&partnum=F28M36P63C2
http://www.ti.com/product/f28m36p63c2?qgpn=f28m36p63c2
http://www.ti.com/product/f28m36p53c2?qgpn=f28m36p53c2
http://www.ti.com/product/f28m36h53b2?qgpn=f28m36h53b2
http://www.ti.com/product/f28m36h33b2?qgpn=f28m36h33b2

F28M36P63C2, F28M36P53C2
F28M36H53B2, F28M36H33B2

SPRS825F —OCTOBER 2012—-REVISED JUNE 2020

I

TEXAS
INSTRUMENTS

www.ti.com

Table 4-1. Signal Descriptions® (continued)

TERMINAL PU OUTPUT
ZWT 1/0/2? DESCRIPTION or BUFFER
NAME BALL NO. PD® STRENGTH
ADC2INA6 | ADC2 Group A, Channel 6 input
COMPAG6 B10 | Comparator Input A6 4 mA
AlO22 1/0 Digital AlO22
ADC2INA7 A10 | ADC2 Group A, Channel 7 input
ADC2INBO A7 | ADC2 Group B, Channel 0 input
ADC2INB2 | ADC2 Group B, Channel 2 input
COMPB4 B7 | Comparator Input B4 4 mA
AlIO26 1/0 Digital AlO26
ADC2INB3 A6 | ADC2 Group B, Channel 3 input
ADC2INB4 | ADC2 Group B, Channel 4 input
COMPBS5 B6 | Comparator Input B5S 4 mA
AlO28 1/0 Digital AlO28
ADC2INB6 | ADC2 Group B, Channel 6 input
COMPB6 A5 | Comparator Input B6 4 mA
AIO30 1/0 Digital AIO30
ADC2INB7 B5 | ADC2 Group B, Channel 7 input
ADC Modules Analog Power and Ground
v co 3.3-V Analog Module Power Pin. Tie with
DDA a 2.2-F capacitor (typical) close to the pin.
Vv C10 3.3-V Analog Module Power Pin. Tie with
DDA a 2.2-yF capacitor (typical) close to the pin.
v c11 3.3-V Analog Module Power Pin. Tie with
DDA a 2.2-F capacitor (typical) close to the pin.
v D8 Analog ground for ADC1, ADC2, ADC1Vggf, 0,
SSA ADC2VRer o, COMP1-6, and DAC1-3
v D9 Analog ground for ADC1, ADC2, ADC1Vggr o,
SSA ADC2VREFLOY COMP1-6, and DAC1-3
v D10 Analog ground for ADC1, ADC2, ADC1VRgr. 0,
SSA ADC2VgerLo0, COMP1-6, and DAC1-3
v D11 Analog ground for ADC1, ADC2, ADC1Vggr o,
SSA ADC2VREFLOY COMP1-6, and DAC1-3
Analog Comparator Results (Digital) and GPIO Group 2 (C28x Access Only)
GPI10192 Ad 110 General-purpose input/output 192 PU 4 mA
GPI10193 1/0 General-purpose input/output 193
B4 PU 4 mA
COMP10UT (0] Compare result from Analog Comparator 1
GPI10194 1/0 General-purpose input/output 194
B3 PU 4 mA
COMP60OUT (0] Compare result from Analog Comparator 6
GPI0195 110 General-purpose input/output 195
B2 PU 4 mA
COMP20UT (0] Compare result from Analog Comparator 2
GPI10196 1/0 General-purpose input/output 196
Al6 PU 8 mA
COMP30OUT (0] Compare result from Analog Comparator 3
GPI10197 110 General-purpose input/output 197
B16 PU 4 mA
COMP40UT (0] Compare result from Analog Comparator 4
GP10198 Al7 110 General-purpose input/output 198 PU 4 mA
GPI10199® 110 General-purpose input/output 199
B17 PU 8 mA
COMP50UT (0] Compare result from Analog Comparator 5
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Table 4-1. Signal Descriptions® (continued)

TERMINAL PU OUTPUT
ZWT 1/0/2? DESCRIPTION or BUFFER
NAME BALL NO. PD® STRENGTH
GPIO Group 1 and Peripheral Signals
PAO_GPIOO 1/0/Zz General-purpose input/output O
M_UORX | UART-O0 receive data
M_I2C1SCL D1 /0D 12C-1 clock open-drain bidirectional port PU 4 mA
M_U1RX | UART-1 receive data
C_EPWM1A (@) Enhanced PWM-1 output A
PAl1_GPIO1 1/0/Zz General-purpose input/output 1
M_UOTX (@) UART-0 transmit data
M_I2C1SDA /0D 12C-1 data open-drain bidirectional port
M_U1TX E3 (@) UART-1 data transmit PU 4 mA
M_SSI1FSS 1/0 SSI-1 frame
C_EPWM1B (@) Enhanced PWM-1 output B
C_ECAP6 1/0 Enhanced Capture-6 input/output
PA2_GPIO2 1/0/Zz General-purpose input/output 2
M_SSIOCLK I} SSI-0 clock
M_MIITXD2 E2 (@) EMAC MII transmit data bit 2 PU 4 mA
C_EPWM2A (@) Enhanced PWM-2 output A
PA3_GPIO3 1/0/Zz General-purpose input/output 3
M_SSIOFSS 1/0 SSI-0 frame
M_MIITXD1 (0] EMAC MII transmit data bit 1
- El PU 4 mA
M_SSI1CLK lfe} SSI-1 clock
C_EPWM2B (@) Enhanced PWM-2 output B
C_ECAP5 1/0 Enhanced Capture-5 input/output
PA4_GPIO4 1/0/Zz General-purpose input/output 4
M_SSIORX | SSI-0 receive data
M_MIITXDO F4 e} EMAC MII transmit data bit 0 PU 4 mA
M_CANORX | CAN-O receive data
C_EPWM3A (@) Enhanced PWM-3 output A
PA5_GPIO5 1/0/Zz General-purpose input/output 5
M_SSIOTX (@) SSI-0 transmit data
M_MIIRXDV | EMAC Ml receive data valid
M_CANOTX F3 (@) CAN-0 transmit data PU 4 mA
C_EPWM3B (@) Enhanced PWM-3 output B
C_MFSRA | McBSP-A receive frame sync
C_ECAP1 1/0 Enhanced Capture-1 input/output
PA6_GPIO6 1/0/Zz General-purpose input/output 6
M_I2C1SCL /0D 12C-1 clock open-drain bidirectional port
o | oo
M_MIIRXCK | EMAC Ml receive clock
M_CANORX F2 | CAN-O receive data U 4 mA
0 (oo exema poner enatie
C_EPWM4A (@) Enhanced PWM-4 output A
C_EPWMSYNCO (@) Enhanced PWM-4 external sync pulse
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Table 4-1. Signal Descriptions® (continued)

TERMINAL PU OUTPUT
ZWT 1/0/2? DESCRIPTION or BUFFER
NAME BALL NO. PD® STRENGTH
PA7_GPIO7 1/0/Zz General-purpose input/output 7
M_I2C1SDA /0D 12C-1 data open-drain bidirectional port
Capture/Compare/PWM-4
e Vo (General-purpose Timer)
M_MIIRXER | EMAC MIl receive error
M_CANOTX (@] CAN-0 transmit data
Capture/Compare/PWM-3
L (EERS F1 Vo (General-purpose Timer) PU 4 mA
USB-0 external power error state
B EIEAT I (optionally used in the host mode)
M_MIIRXD1 | EMAC MIl receive data 1
C_EPWM4B (0] Enhanced PWM-4 output B
C_MCLKRA | McBSP-A receive clock
C_ECAP2 1/0 Enhanced Capture-1 input/output
PBO_GPIOS8 1/0/1Z General-purpose input/output 8
Capture/Compare/PWM-0
LS Vo (General-purpose Timer)
M_U1RX | UART-1 data receive data
M_SSI2TX G4 o} SSI-2 transmit data PU 4 mA
M_CAN1TX (@) CAN-1 transmit data
M_U4TX (@) UART-4 transmit data
C_EPWM5A (@) Enhanced PWM-5 output A
C_ADCSOCAO (@) ADC start-of-conversion A
PB1_GPIO9 1/0/Zz General-purpose input/output 9
Capture/Compare/PWM-2
bR Vo (General-purpose Timer)
Capture/Compare/PWM-1
MEEE G3 Vo (General-purpose Timer) PU 4 mA
M_U1TX (@) UART-1 transmit data
M_SSI2RX | SSI-2 receive data
C_EPWM5B (@) Enhanced PWM-5 output B
C_ECAP3 1/0 Enhanced Capture-3 input/output
PB2_GPIO10 1/0/Zz General-purpose input/output 10
M_I2C0OSCL /0D 12C-0 clock open-drain bidirectional port
Capture/Compare/PWM-3
(R Vo (General-purpose Timer)
Capture/Compare/PWM-0
LS Vo (General-purpose Timer)
G2 USB-0 external power enable PU 4 mA
LSRR o (optionally used in the host mode)
M_SSI2CLK 110 SSI-2 clock
M_CAN1RX | CAN-1 receive data
M_U4RX | UART-4 receive data
C_EPWMG6A (0] Enhanced PWM-6 output A
C_ADCSOCBO (0] ADC start-of-conversion B
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TERMINAL PU OUTPUT
NAME ZWT 1/0/2? DESCRIPTION or BUFFER
BALL NO. PD STRENGTH
PB3_GPIO11 1/0/Zz General-purpose input/output 11
M_I2COSDA /0D 12C-0 data open-drain bidirectional port
M_USBOPFLT || (optionally used i the host mode)
M_SSI2FSS G1 1o SSI-2 frame PU 4 mA
M_U1RX | UART-1 receive data
C_EPWM6B (0] Enhanced PWM-6 output B
C_ECAP4 110 Enhanced Capture-4 input/output
PB4_GPIO12 1/0/1Z General-purpose input/output 12
M_U2RX | UART-2 receive data
M_CANORX | CAN-O receive data
M_U1RX | UART-1 receive data
M_EPI10S23 Nd lfe} EPI-0 signal 23 i 4 mA
M_CAN1TX (0] CAN-1 transmit data
M_SSI1TX (0] SSI-1 transmit data
C_EPWMT7A (0] Enhanced PWM-7 output A
PB5_GPIO13 1/0/1Z General-purpose input/output 13
o | oo S
o | o oS
M_CCPO 10| Ceneralpurpose Timen)
M_CANOTX M4 (@) CAN-0 transmit data PU 4 mA
o | oo
M_U1TX (0] UART-1 transmit data
M_EPI0S22 lfe} EPI-0 signal 22
M_CAN1RX | CAN-1 receive data
M_SSI1RX | SSI-1 receive data
C_EPWMT7B (0] Enhanced PWM-7 output B
PB6_GPIO14 1/0/1Z General-purpose input/output 14
o |G
M_ccP? IO | (General-purpose Tmen)
o | oo S
H4 PU 4 mA
M_EPI0S37®) 110 EPI-0 signal 37
M_MIICRS | EMAC MII carrier sense
M_I2COSDA /0D 12C-0 data open-drain bidirectional port
M_U1TX (@) UART-1 transmit data
M_SSI1CLK 1/0 SSI-1 clock
C_EPWMS8A (@) Enhanced PWM-8 output A
Copyright © 2012-2020, Texas Instruments Incorporated Terminal Configuration and Functions 19
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Table 4-1. Signal Descriptions® (continued)

TERMINAL PU OUTPUT
NAME ZWT 1/0/2? DESCRIPTION or BUFFER
BALL NO. PD STRENGTH

PB7_GPIO15 1/0/Zz General-purpose input/output 15

M_EXTNMI | Cortex-M3 external nonmaskable interrupt

M_MIIRXD1 | EMAC Ml receive data 1

M_EPI0S36©) 110 EPI-0 signal 36

M_I2C0OSCL H3 /0D 12C-0 clock open-drain bidirectional port PU 4 mA
M_U1RX | UART-1 receive data

M_SSI1FSS 1/0 SSI-1 frame

C_EPWMS8B (@) Enhanced PWM-8 output B

PD0O_GPIO16 1/0/Zz General-purpose input/output 16

M_CANORX | CAN-O receive data

M_U2RX | UART-2 receive data

M_U1RX | UART-1 receive data

o | o oS

M_MIIRXDV F16 | EMAC MII receive data valid PU 4 mA
M_MIIRXD2 | EMAC MIl receive data 2

M_SSIOTX (0] SSI-0 transmit data

M_CAN1TX (0] CAN-1 transmit data

O e o e )

C_SPISIMOA 1/0 SPI-A slave in, master out

PD1_GPIO17 1/0/Zz General-purpose input/output 17

M_CANOTX (@) CAN-0 transmit data

M_U2TX (@) UART-2 transmit data

M_U1TX (@) UART-1 transmit data

o | oo

M_MIITXER (0] EMAC MII transmit error

o |G o 2 i
M_MIICOL | EMAC Ml collision detect

M_SSIORX | SSI-0 receive data

M_CAN1RX | CAN-1 receive data

|l e poer o st

C_SPISOMIA 110 SPI-A master in, slave out

PD2_GPIO18 1/0/1Z General-purpose input/output 18

M_U1RX | UART-1 receive data

o | oo o

" o | o oS -
M_EPI0S20 110 EPI-0 signal 20

M_SSIOCLK lfe} SSI-0 clock

M_U1TX (0] UART-1 transmit data

M_CANORX | CAN-O receive data

C_SPICLKA 110 SPI-A clock
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Table 4-1. Signal Descriptions® (continued)

TERMINAL PU OUTPUT
ZWT 1/0/2? DESCRIPTION or BUFFER
NAME BALL NO. PD® STRENGTH

PD3_GPIO19 1/0/Zz General-purpose input/output 19

M_U1TX (@) UART-1 transmit data

o | oo

o o | CapeiCompareiPit0 ol
M_EPI0S21 lfe} EPI-0 signal 21

M_SSIOFSS 1/0 SSI-0 frame

M_U1RX | UART-1 receive data

M_CANOTX (@) CAN-0 transmit data

C_SPISTEA 1/0 SPI-A slave transmit enable

PD4_GPIO20 1/0/Zz General-purpose input/output 20

o | oo

o | Coptueicomparermutea

M_MIITXD3 U16 (@) EMAC MII transmit data 3 PU 4 mA
M_EPI0S19 lfe} EPI-0 signal 19

M_U3TX (@) UART-3 transmit data

M_CAN1TX (@) CAN-1 transmit data

C_EQEP1A | Enhanced QEP-1 input A

C_MDXA (@) McBSP-A transmit data

PD5_GPIO21 1/0/Zz General-purpose input/output 21

o | oo

o | Coptueicomparermutes

M_MIITXD2 (@) EMAC MII transmit data 2

M_U2RX ulrz | UART-2 receive data PU 6 mA