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TMS320F28004x Microcontrollers

1 Features

TMS320C28x 32-bit CPU

— 100 MHz

IEEE 754 single-precision Floating-Point Unit

(FPU)

Trigonometric Math Unit (TMU)

» 3x-cycle to 4x-cycle improvement for
common trigonometric functions versus
software libraries

* 13-cycle Park transform

Viterbi/Complex Math Unit (VCU-I)

— Ten hardware breakpoints (with ERAD)

Programmable Control Law Accelerator (CLA)

— 100 MHz

— |EEE 754 single-precision floating-point
instructions

— Executes code independently of main CPU

On-chip memory

— 256KB (128KW) of flash (ECC-protected)
across two independent banks

— 100KB (50KW) of RAM (ECC-protected or
parity-protected)

— Dual-zone security supporting third-party
development

— Unique Identification (UID) number

Clock and system control

— Two internal zero-pin 10-MHz oscillators

— On-chip crystal oscillator and external clock
input

— Windowed watchdog timer module

— Missing clock detection circuitry

1.2-V core, 3.3-V I/O design

— Internal VREG or DC-DC for 1.2-V generation
allows for single-supply designs

— Brownout reset (BOR) circuit

System peripherals

— 6-channel Direct Memory Access (DMA)
controller

— 40 individually programmable multiplexed
General-Purpose Input/Output (GPIO) pins

— 21 digital inputs on analog pins

— Enhanced Peripheral Interrupt Expansion
(ePIE) module

— Multiple low-power mode (LPM) support with
external wakeup

— Embedded Real-time Analysis and Diagnostic

(ERAD)
» Communications peripherals

— One Power-Management Bus (PMBus)
interface

— One Inter-integrated Circuit (I12C) interface
(pin-bootable)

— Two Controller Area Network (CAN) bus ports
(pin-bootable)

— Two Serial Peripheral Interface (SPI) ports
(pin-bootable)

— Two Serial Communication Interfaces (SCls)
(pin-bootable)

— One Local Interconnect Network (LIN)

— One Fast Serial Interface (FSI) with a
transmitter and receiver

* Analog system
— Three 3.45-MSPS, 12-bit Analog-to-Digital
Converters (ADCs)
+ Up to 21 external channels

* Four integrated post-processing blocks
(PPBs) per ADC

— Seven windowed comparators (CMPSS) with
12-bit reference Digital-to-Analog Converters
(DACs)

» Digital glitch filters
— Two 12-bit buffered DAC outputs
— Seven Programmable Gain Amplifiers (PGAs)
* Programmable gain settings: 3, 6, 12, 24
* Programmable output filtering
» Enhanced control peripherals

— 16 ePWM channels with high-resolution
capability (150-ps resolution)

+ Integrated dead-band support with high
resolution

» Integrated hardware trip zones (TZs)
— Seven Enhanced Capture (eCAP) modules
» High-resolution Capture (HRCAP) available
on two modules
— Two Enhanced Quadrature Encoder Pulse
(eQEP) modules with support for CW/CCW
operation modes
— Four Sigma-Delta Filter Module (SDFM) input
channels (two parallel filters per channel)
» Standard SDFM data filtering
» Comparator filter for fast action for
overvalue or undervalue condition
» Configurable Logic Block (CLB)

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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— Augments existing peripheral capability

— Supports position manager solutions

InstaSPIN-FOC™

— Sensorless field-oriented control (FOC) with
FAST™ software encoder

— Library in on-chip ROM memory

Package options:

— 100-pin Low-profile Quad Flatpack (LQFP)
[PZ sulffix]

— 64-pin LQFP [PM suffix]

— 56-pin Very Thin Quad Flatpack No-lead
(VQFN) [RSH suffix]

Temperature options:

— S:—-40°C to 125°C junction

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

2 Applications

Medium/short range radar

Air conditioner outdoor unit

Door operator drive control
Automated sorting equipment
CNC control

Textile machine

Welding machine

AC charging (pile) station

DC charging (pile) station

EV charging station power module
Wireless vehicle charging module
Energy storage power conversion system (PCS)
Central inverter

Solar power optimizer

String inverter

DC/DC converter

Inverter & motor control

On-board (OBC) & wireless charger
AC drive control module

AC drive power stage module
Linear motor power stage

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

Three phase UPS

Merchant network & server PSU
Merchant telecom rectifiers
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3 Description

C2000™ 32-bit microcontrollers are optimized for processing, sensing, and actuation to improve closed-loop
performance in real-time control applications such as industrial motor drives; solar inverters and digital power;
electrical vehicles and transportation; motor control; and sensing and signal processing.

The TMS320F28004x (F28004x) is a powerful 32-bit floating-point microcontroller unit (MCU) that lets designers
incorporate crucial control peripherals, differentiated analog, and nonvolatile memory on a single device.

The real-time control subsystem is based on TI's 32-bit C28x CPU, which provides 100 MHz of signal processing
performance. The C28x CPU is further boosted by the new TMU extended instruction set, which enables fast
execution of algorithms with trigonometric operations commonly found in transforms and torque loop
calculations; and the VCU-I extended instruction set, which reduces the latency for complex math operations
commonly found in encoded applications.

The CLA allows significant offloading of common tasks from the main C28x CPU. The CLA is an independent
32-bit floating-point math accelerator that executes in parallel with the CPU. Additionally, the CLA has its own
dedicated memory resources and it can directly access the key peripherals that are required in a typical control
system. Support of a subset of ANSI C is standard, as are key features like hardware breakpoints and hardware
task-switching.

The F28004x supports up to 256KB (128KW) of flash memory divided into two 128KB (64KW) banks, which
enables programming and execution in parallel. Up to 100KB (50KW) of on-chip SRAM is also available in
blocks of 4KB (2KW) and 16KB (8KW) for efficient system partitioning. Flash ECC, SRAM ECC/parity, and dual-
zone security are also supported.

High-performance analog blocks are integrated on the F28004x MCU to further enable system consolidation.
Three separate 12-bit ADCs provide precise and efficient management of multiple analog signals, which
ultimately boosts system throughput. Seven PGAs on the analog front end enable on-chip voltage scaling before
conversion. Seven analog comparator modules provide continuous monitoring of input voltage levels for trip
conditions.

The TMS320C2000™ microcontrollers contain industry-leading control peripherals with frequency-independent
ePWM/HRPWM and eCAP allow for a best-in-class level of control to the system. The built-in 4-channel SDFM
allows for seamless integration of an oversampling sigma-delta modulator across an isolation barrier.

Connectivity is supported through various industry-standard communication ports (such as SPI, SCI, 12C, LIN,
and CAN) and offers multiple muxing options for optimal signal placement in a variety of applications. New to the
C2000 platform is the fully compliant PMBus. Additionally, in an industry first, the FSI enables high-speed, robust
communication to complement the rich set of peripherals that are embedded in the device.

A specially enabled device variant, TMS320F28004xC, allows access to the Configurable Logic Block (CLB) for
additional interfacing features and allows access to the secure ROM, which includes a library to enable
InstaSPIN-FOC™. See Device Comparison for more information.

The Embedded Real-Time Analysis and Diagnostic (ERAD) module enhances the debug and system analysis
capabilities of the device by providing additional hardware breakpoints and counters for profiling.

To learn more about the C2000 MCUs, visit the C2000 Overview at www.ti.com/c2000.
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Device Information ()

PART NUMBER PACKAGE BODY SIZE
TMS320F280049PZ LQFP (100) 14.0 mm x 14.0 mm
TMS320F280049CPZ LQFP (100) 14.0 mm x 14.0 mm
TMS320F280045PZ LQFP (100) 14.0 mm x 14.0 mm
TMS320F280041PZ LQFP (100) 14.0 mm x 14.0 mm
TMS320F280041CPZ LQFP (100) 14.0 mm x 14.0 mm
TMS320F280049PM LQFP (64) 10.0 mm x 10.0 mm
TMS320F280049CPM LQFP (64) 10.0 mm x 10.0 mm
TMS320F280048PM LQFP (64) 10.0 mm x 10.0 mm
TMS320F280048CPM LQFP (64) 10.0 mm x 10.0 mm
TMS320F280045PM LQFP (64) 10.0 mm x 10.0 mm
TMS320F280041PM LQFP (64) 10.0 mm x 10.0 mm
TMS320F280041CPM LQFP (64) 10.0 mm x 10.0 mm
TMS320F280040PM LQFP (64) 10.0 mm x 10.0 mm
TMS320F280040CPM LQFP (64) 10.0 mm x 10.0 mm
TMS320F280049RSH VQFN (56) 7.0 mm x 7.0 mm
TMS320F280049CRSH VQFN (56) 7.0mm x 7.0 mm
TMS320F280045RSH VQFN (56) 7.0 mm x 7.0 mm
TMS320F280041RSH VQFN (56) 7.0 mm x 7.0 mm
TMS320F280041CRSH VQFN (56) 7.0 mm x 7.0 mm

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

Functional Block Diagram shows the CPU system and associated peripherals.
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Figure 3-1. Functional Block Diagram
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5 Device Comparison

Table 5-1 lists the features of the TMS320F28004x devices.

Table 5-1. Device Comparison

F280049 F280048 F280041 F280040
e R ke e
F280049C-Q1 | F280048C-Q1 F280041C-Q1 | F280040C-Q1
PROCESSOR AND ACCELERATORS
Frequency (MHz) 100
C28x FPU Yes
VCU-I Yes
TMU — Type 0 Yes
CLA — Type 2 Available Yes No
Frequency (MHz) 100 -
6-Channel DMA — Type 0 Yes
MEMORY
Flash 256KB (128KW) 128KB (64KW)
Dedicated and Local Shared RAM 36KB (18KW)
RAM Global Shared RAM 64KB (32KW)
TOTAL RAM 100KB (50KW)
Code security for on-chip flash, RAM, and OTP blocks Yes
Boot ROM Yes
User-configurable DCSM OTP 4KB (2KW)
SYSTEM ?
Configurable Logic Block (CLB) (Fzz(t)ié)ngC) (Fzg(t)ié)ettsso) - (Fzéggis10) (Fzz(gig)iSOC)
InstaSPIN-FOC™ F280049C F280048C - F280041C F280040C
32-bit CPU timers 3
Watchdog timers 1
Nonmaskable Interrupt Watchdog (NMIWD) timers 1
Crystal oscillator/External clock input 1
0-pin internal oscillator 2
100-pin PZ 40 - 40 40 -
GPIO pins 64-pin PM 26 24 26 26 24
56-pin RSH 25 - 25 25 -
100-pin PZ 21
AlO inputs 64-pin PM 14
56-pin RSH 12
External interrupts 5
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Table 5-1. Device Comparison (continued)
F280049 F280048 F280041 F280040
B | PGl | e | FONTGY | P2
F280049C-Q1 | F2800438C-Q1 F280041C-Q1 | F280040C-Q1
ANALOG PERIPHERALS

Number of ADCs 3
ADC 12-bit MSPS 3.45

Conversion Time (ns)(s) 290

100-pin PZ 21
100 el st Z

56-pin RSH 12
Temperature sensor 1
Buffered DAC 2
CMPSS 100-pin PZ 7
(c?)an?:)]a?a'\f(zgi:da fng(i)nternal 64-pin PM 6
DACs) 56-pin RSH 5

100-pin PZ 7
(P(i?: Settings: 3, 6, 12, 24) | 84-Pin PM 5

56-pin RSH 4

CONTROL PERIPHERALS “

eCAP/HRCAP modules — Type 1 7 (2 with HRCAP capability)
ePWM/HRPWM channels — Type 4 16

100-pin PZ 2
eQEP modules — Type 1 64-pin PM 1

56-pin RSH 1

100-pin PZ 4
SDFM channels — Type 1 64-pin PM 3

56-pin RSH 3

COMMUNICATION PERIPHERALS
CAN - Type 0 2
12C - Type 1 1
SCl - Type 0 2
SPI — Type 2 2
LIN — Type 1 1
PMBus — Type 0 1
FSI - Type 0 1
PACKAGE OPTIONS, TEMPERATURE, AND QUALIFICATION
100-pin PZ - 100-pinPZ | 100-pin PZ -
Junction Temperature (T) S: -40°C to 125°C 64-pin PM - 64-pin PM 64-pin PM -
56-pin RSH - 56-pin RSH 56-pin RSH -

Free-Air Temperature (Ta) Q: —40°C to 125°C" 100-pin PZ 64-pin PM - 100-pin PZ 64-pin PM

M

@)
)
4)

®)

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. For more information, see the C2000 Real-Time
Control Peripherals Reference Guide.

For more information about InstaSPIN-FOC™ devices, see Section 10.4 for a list of InstaSPIN Technical Reference Manuals.

Time between start of sample-and-hold window to start of sample-and-hold window of the next conversion.

For devices that are available in more than one package, the peripheral count listed in the smaller package is reduced because the
smaller package has less device pins available. The number of peripherals internally present on the device is not reduced compared to
the largest package offered within a part number. See Section 6 to identify which peripheral instances are accessible on pins in the
smaller package.

The letter Q refers to AEC Q100 qualification for automotive applications.
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5.1 Related Products
Original devices:

TMS320F2802x Microcontrollers
The F2802x series offers the lowest pin-count and Flash memory size options. InstaSPIN-FOC™ versions are

available.

TMS320F2803x Microcontrollers
The F2803x series increases the pin-count and memory size options. The F2803x series also introduces the
parallel control law accelerator (CLA) option.

TMS320F2805x Microcontrollers
The F2805x series is similar to the F2803x series but adds on-chip programmable gain amplifiers (PGAs).
InstaSPIN-FOC and InstaSPIN-MOTION™ versions are available.

TMS320F2806x Microcontrollers

The F2806x series is the first to include a floating-point unit (FPU). The F2806x series also increases the pin-
count, memory size options, and the quantity of peripherals. InstaSPIN-FOC™ and InstaSPIN-MOTION™
versions are available.

Newest devices:

TMS320F2807x Microcontrollers
The F2807x series offers the most performance, largest pin counts, flash memory sizes, and peripheral options.
The F2807x series includes the latest generation of accelerators, ePWM peripherals, and analog technology.

TMS320F28004x Microcontrollers

The F28004x series is a reduced version of the F2807x series with the latest generational enhancements. The
F28004x series is the best roadmap option for those using the F2806x series. InstaSPIN-FOC and configurable
logic block (CLB) versions are available.
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6 Terminal Configuration and Functions
6.1 Pin Diagrams

Figure 6-1 shows the pin assignments on the 100-pin PZ Low-Profile Quad Flatpack. Figure 6-2 shows the pin
assignments on the 64-Pin PM Low-Profile Quad Flatpack. Figure 6-3 shows the pin assignments on the 64-Pin
PM Low-Profile Quad Flatpack for the Q-temperature device. Figure 6-4 shows the pin assignments on the 56-
Pin RSH Very Thin Quad Flatpack No-Lead.

GPIO3
GPIO2
GPIO1
GPIOO
VDDIO_SW
GPIO23_VSW
VSS_SW
GPIO22_VFBSW
GPIO7
GPIO40
VSS

VDD
VDDIO
GPIOS
GPIO9
GPIO39
GPIO59
GPIO10
GPIO34
GPIO15
GPIO14
GPIO6
GPIO30
GPIO31
GPIO29

OA0000000O00000a0000000000

018_X2
058
057
056
032
035/TDI

027
026
025
024
017
016
033
011
012

76
77
78
79
80
81
82
83
84
85
86
87
88
89
2
91
92
93
9%
95
9%
97
%
99
100

73 ] VREGENZ

75 ] GPIO4
74 [] GPios
72 [ vss
71 |1 vbb
70 [] vbbio
69 [ 1 xi
68 [ 1 ar
67 ] aP
66 [ ] GP
65 |1 ap
64 [ ] aGP
63 [ ] aP

12
3

62 | ] TMs

61 [ 1 GPIO37/TDO

60 |1 TcK
59 [ ] Gp
58 |1 aP
57 [ 1 ap
56 [ ] GP
55 ] GP
54 [ ] GgP
53 [ 1 aGP
52 [] ap
51 [ ] aP

50
49
48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26

oot duoyy

J

vbD [ 4

vss [] 5

] s

- -

B3,VDAC [] &

[ ]

a3 [ 10

vDDA [] 11
vssa [

xrsn [] 2

vobio [ 3

GPI028 [] 1

A6,PGA5_OF
B2,C6,PGA3_OF
A2,B6,PGA1_OF

PGA5_GND

(-
(-
]
]
ca [

PGA1_GND

PGA3_GND

PGA5_IN

N [
co [
] 20
c2 [ 21
1 22
] 23
VREFHIB,VREFHIC [ | 24

VREFHIA [] 25

PGA1_IN

PGA3_IN
A1,DACB_OUT
0,815,C15,DACA_OUT

Al

GPIO13

FLT1

FLT2

VDDIO

VDD

vss

cl4

PGA7_IN
PGA7_GND

BO
A10,81,C10,PGA7_OF
B4,C8,PGA4_OF

A9

A8,PGA6_OF
A4,B8,PGA2_OF

A5

VDDA

VSSA
PGA2_GND,PGA4_GND,PGA6_GND
C3,PGA4_IN
PGA2_IN

ci

C5,PGA6_IN
VREFLOA
VREFLOB,VREFLOC

Not to scale

A. Only the GPIO function is shown on GPIO terminals. See Section 6.3 for the complete, muxed signal name.

Figure 6-1. 100-Pin PZ Low-Profile Quad Flatpack (Top View)
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|| cPio1s x2
40 [] cpios2

48 || cpioa

47 || cPios

46 |_| VREGENZ
45 [ ] vss

44 || voD

43 |_] vobio

a2 || xt

39 |__] cpiossmol
38 [ tvs

37 |__] epios7DO
36 [ Tok

35 || GPio2a
34 |_| aPiot7
33 [] cpiots

4 )
<
GPIO3 49 32 GPIO33
GPIO2 50 31 GPIO11
GPIO1 51 30 GPIO12
GPIO0 52 29 GPIO13
VDDIO_SW 53 28 VDDIO
GPIO23_VSW 54 27 VDD
VSS_SW 55 26 VSS
GPI022_VFBSW 56 25 A10,B1,C10,PGA7_OF
GPIO7 57 24 B4,C8,PGA4_OF
VsSs 58 23 A4,B8,PGA2_OF
VDD 59 22 VDDA
VDDIO 60 21 VSSA
GPIO5 61 20 PGA2_GND,PGA4_GND,PGA6_GND
GPIO9 62 19 C3,PGA4_IN
GPIO10 63 18 C1,PGA2_IN
GPIO6 64 17 VREFLOA,VREFLOB,VREFLOC
O - a4 ® + v o N~ ©® o ° T & 2 ¥ ©
T OUUOUO0000O0000 -
g g é 5 § L(I_:“ ‘ % | E' ;‘ ;I ié Not to scale
= = - @
o o X 2 > | 8 é 8 o |
© © Q@ R e o o Q
© < o o o
@ 6 o o 2
<

B2,C6,PGA3_OF
A2,B6,PGA1_OF

A0,B15,C15,DACA_OUT

VREFHIA,VREFHIB,VREFHIC 16

PGA1_GND,PGA3_GND,PGA5_GND

A. Only the GPIO function is shown on GPIO terminals. See Section 6.3 for the complete, muxed signal name.

Figure 6-2. F280049/C/M, F280045, F280041/C 64-Pin PM Low-Profile Quad Flatpack (Top View)
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A. Only the GPIO function is shown on GPIO terminals. See Section 6.3 for the complete, muxed signal name.

Figure 6-3. F280048/C, F280040/C 64-Pin PM Low-Profile Quad Flatpack — Q-Temperature (Top View)
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A. Only the GPIO function is shown on GPIO terminals. See Section 6.3 for the complete, muxed signal name.
B. This figure shows the top view of the 56-pin RSH package. The terminals are actually on the bottom side of the package. See Section 11
for the 56-pin RSH mechanical drawing.

Figure 6-4. 56-Pin RSH Very Thin Quad Flatpack No-Lead (Top View)
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6.2 Pin Attributes

Table 6-1. Pin Attributes

SIGNAL NAME Polgll'Jl')l(ON 100 PZ P‘::Q 64 PM RSSGH T';IlyE DESCRIPTION
ANALOG

A0 | ADC-A Input 0
B15 | ADC-B Input 15
C15 23 15 15 13 | ADC-C Input 15
DACA_OUT O Buffered DAC-A Output
AlO231 | Digital Input-231 on ADC Pin
A1 | ADC-A Input 1
DACB_OUT 22 14 14 12 O |Buffered DAC-B Output
AlO232 | Digital Input-232 on ADC Pin
A10 | ADC-A Input 10
B1 | ADC-B Input 1
C10 | ADC-C Input 10
PGA7_OF 40 25 25 23 (0] PGA-7 Output Filter (Optional)
CMP7_HPO | CMPSS-7 High Comparator Positive Input 0
CMP7_LPO | CMPSS-7 Low Comparator Positive Input 0
AlO230 | Digital Input-230 on ADC Pin
A2 | ADC-A Input 2
B6 | ADC-B Input 6
PGA1_OF 9 9 9 8 O |PGA-1 Output Filter (Optional)
CMP1_HPO | CMPSS-1 High Comparator Positive Input 0
CMP1_LPO | CMPSS-1 Low Comparator Positive Input 0
AlO224 | Digital Input-224 on ADC Pin
A3 | ADC-A Input 3
CMP1_HP3 | CMPSS-1 High Comparator Positive Input 3
CMP1_HNO 10 | CMPSS-1 High Comparator Negative Input 0
CMP1_LP3 | CMPSS-1 Low Comparator Positive Input 3
CMP1_LNO | CMPSS-1 Low Comparator Negative Input 0
AlO233 | Digital Input-233 on ADC Pin
Ad | ADC-A Input 4
B8 | ADC-B Input 8
PGA2_OF (0] PGA-2 Output Filter (Optional)
CMP2_HPO % 23 23 21 | CMPSS-2 High Comparator Positive Input O
CMP2_LPO | CMPSS-2 Low Comparator Positive Input 0
AlO225 | Digital Input-225 on ADC Pin
A5 | ADC-A Input 5
CMP2_HP3 | CMPSS-2 High Comparator Positive Input 3
CMP2_HNO | CMPSS-2 High Comparator Negative Input 0
CMP2_LP3 % | CMPSS-2 Low Comparator Positive Input 3
CMP2_LNO | CMPSS-2 Low Comparator Negative Input 0
AlO234 | Digital Input-234 on ADC Pin
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Table 6-1. Pin Attributes (continued)

SIGNALNAME | , ALY 1100PZ| &0 eapm | 50 | PN DESCRIPTION
A6 | ADC-A Input 6
PGA5_OF O PGA-5 Output Filter (Optional)
CMP5_HPO 6 6 6 | CMPSS-5 High Comparator Positive Input 0
CMP5_LPO | CMPSS-5 Low Comparator Positive Input 0
AlO228 | Digital Input-228 on ADC Pin
A8 | ADC-A Input 8
PGA6_OF O |PGA-6 Output Filter (Optional)
CMP6_HPO 37 | CMPSS-6 High Comparator Positive Input 0
CMP6_LPO | CMPSS-6 Low Comparator Positive Input 0
AlO229 | Digital Input-229 on ADC Pin
A9 | ADC-A Input 9
CMP6_HP3 | CMPSS-6 High Comparator Positive Input 3
CMP6_HNO 38 | CMPSS-6 High Comparator Negative Input O
CMP6_LP3 | CMPSS-6 Low Comparator Positive Input 3
CMP6_LNO | CMPSS-6 Low Comparator Negative Input 0
AlO236 | Digital Input-236 on ADC Pin
BO | ADC-B Input 0
CMP7_HP3 | CMPSS-7 High Comparator Positive Input 3
CMP7_HNO 41 | CMPSS-7 High Comparator Negative Input 0
CMP7_LP3 | CMPSS-7 Low Comparator Positive Input 3
CMP7_LNO | CMPSS-7 Low Comparator Negative Input O
AlO241 | Digital Input-241 on ADC Pin
B2 | ADC-B Input 2
C6 | ADC-C Input 6
PGA3_OF . 7 7 6 (0] PGA-3 Output Filter (Optional)
CMP3_HPO | CMPSS-3 High Comparator Positive Input 0
CMP3_LPO | CMPSS-3 Low Comparator Positive Input 0
AlO226 | Digital Input-226 on ADC Pin
B3 | ADC-B Input 3
Optional external reference voltage for on-chip DACs. There
is a 100-pF capacitor to VSSA on this pin whether used for
VDAC | ADC input or DAC reference which cannot be disabled. If
this pin is being used as a reference for the on-chip DACs,
place at least a 1-yF capacitor on this pin.
CMP3_HP3 8 8 8 7 | CMPSS-3 High Comparator Positive Input 3
CMP3_HNO | CMPSS-3 High Comparator Negative Input 0
CMP3_LP3 | CMPSS-3 Low Comparator Positive Input 3
CMP3_LNO | CMPSS-3 Low Comparator Negative Input 0
AlO242 | Digital Input-242 on ADC Pin
B4 | ADC-B Input 4
C8 | ADC-C Input 8
PGA4_OF O |PGA-4 Output Filter (Optional)
CMP4_HPO 39 24 24 22 | CMPSS-4 High Comparator Positive Input 0
CMP4_LPO | CMPSS-4 Low Comparator Positive Input 0
AlO227 | Digital Input-227 on ADC Pin
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Table 6-1. Pin Attributes (continued)

SIGNALNAME | , ALY 1100PZ| &0 eapm | 50 | PN DESCRIPTION
Co | ADC-C Input 0
CMP1_HP1 | CMPSS-1 High Comparator Positive Input 1
CMP1_HN1 19 12 12 10 | CMPSS-1 High Comparator Negative Input 1
CMP1_LP1 | CMPSS-1 Low Comparator Positive Input 1
CMP1_LN1 | CMPSS-1 Low Comparator Negative Input 1
AlO237 | Digital Input-237 on ADC Pin
c1 | ADC-C Input 1
CMP2_HP1 | CMPSS-2 High Comparator Positive Input 1
CMP2_HN1 | CMPSS-2 High Comparator Negative Input 1
CMP2_LP1 29 18 18 1 | CMPSS-2 Low Comparator Positive Input 1
CMP2_LN1 | CMPSS-2 Low Comparator Negative Input 1
AlO238 | Digital Input-238 on ADC Pin
C14 | ADC-C Input 14
CMP7_HP1 | CMPSS-7 High Comparator Positive Input 1
CMP7_HN1 44 | CMPSS-7 High Comparator Negative Input 1
CMP7_LP1 | CMPSS-7 Low Comparator Positive Input 1
CMP7_LN1 | CMPSS-7 Low Comparator Negative Input 1
AlO246 | Digital Input-246 on ADC Pin
Cc2 | ADC-C Input 2
CMP3_HP1 | CMPSS-3 High Comparator Positive Input 1
CMP3_HN1 | CMPSS-3 High Comparator Negative Input 1
CMP3_LP1 21 13 13 " | CMPSS-3 Low Comparator Positive Input 1
CMP3_LN1 | CMPSS-3 Low Comparator Negative Input 1
AlO244 | Digital Input-244 on ADC Pin
C3 | ADC-C Input 3
CMP4_HP1 | CMPSS-4 High Comparator Positive Input 1
CMP4_HN1 31 19 19 17 | CMPSS-4 High Comparator Negative Input 1
CMP4_LP1 | CMPSS-4 Low Comparator Positive Input 1
CMP4_LN1 | CMPSS-4 Low Comparator Negative Input 1
AlO245 | Digital Input-245 on ADC Pin
C4 | ADC-C Input 4
CMP5_HP1 | CMPSS-5 High Comparator Positive Input 1
CMP5_HN1 | CMPSS-5 High Comparator Negative Input 1
CMP5_LP1 7 " B | CMPSS-5 Low Comparator Positive Input 1
CMP5_LN1 | CMPSS-5 Low Comparator Negative Input 1
AlO239 | Digital Input-239 on ADC Pin
C5 | ADC-C Input 5
CMP6_HP1 | CMPSS-6 High Comparator Positive Input 1
CMP6_HN1 o8 | CMPSS-6 High Comparator Negative Input 1
CMP6_LP1 | CMPSS-6 Low Comparator Positive Input 1
CMP6_LN1 | CMPSS-6 Low Comparator Negative Input 1
AlO240 | Digital Input-240 on ADC Pin
PGA1_GND 14 10 10 9 | PGA-1 Ground
PGA1_IN | PGA-1 Input
CMP1_HP2 18 12 12 10 | CMPSS-1 High Comparator Positive Input 2
CMP1_LP2 | CMPSS-1 Low Comparator Positive Input 2
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Table 6-1. Pin Attributes (continued)

MUX 64 56 PIN
SIGNAL NAME POSITION 100 PZ PMQ 64 PM RSH | TYPE DESCRIPTION

PGA2_GND 32 20 20 18 | PGA-2 Ground

PGA2_IN | PGA-2 Input

CMP2_HP2 30 18 18 16 | CMPSS-2 High Comparator Positive Input 2

CMP2_LP2 | CMPSS-2 Low Comparator Positive Input 2

PGA3_GND 15 10 10 9 | PGA-3 Ground

PGA3_IN | PGA-3 Input

CMP3_HP2 20 13 13 11 | CMPSS-3 High Comparator Positive Input 2

CMP3_LP2 | CMPSS-3 Low Comparator Positive Input 2

PGA4_GND 32 20 20 18 | PGA-4 Ground

PGA4_IN | PGA-4 Input

CMP4_HP2 31 19 19 17 | CMPSS-4 High Comparator Positive Input 2

CMP4_LP2 | CMPSS-4 Low Comparator Positive Input 2

PGA5_GND 13 10 10 9 | PGA-5 Ground

PGA5_IN | PGA-5 Input

CMP5_HP2 16 11 11 | CMPSS-5 High Comparator Positive Input 2

CMP5_LP2 | CMPSS-5 Low Comparator Positive Input 2

PGA6_GND 32 20 20 18 | PGA-6 Ground

PGA6_IN | PGA-6 Input

CMP6_HP2 28 | CMPSS-6 High Comparator Positive Input 2

CMP6_LP2 | CMPSS-6 Low Comparator Positive Input 2

PGA7_GND 42 | PGA-7 Ground

PGA7_IN | PGA-7 Input

CMP7_HP2 43 | CMPSS-7 High Comparator Positive Input 2

CMP7_LP2 | CMPSS-7 Low Comparator Positive Input 2
ADC-A High Reference. In external reference mode,
externally drive the high reference voltage onto this pin. In
internal reference mode, a voltage is driven onto this pin by
the device. In either mode, place at least a 2.2-uF capacitor

VREFHIA 25 16 16 14 Vo on this pin. This capacitor should be placed as close to the
device as possible between the VREFHIA and VREFLOA
pins. Do not load this pin externally in either internal or
external reference mode.
ADC-B High Reference. In external reference mode,
externally drive the high reference voltage onto this pin. In
internal reference mode, a voltage is driven onto this pin by
the device. In either mode, place at least a 2.2-uF capacitor

VREFHIB 24 16 16 14 Vo on this pin. This capacitor should be placed as close to the
device as possible between the VREFHIB and VREFLOB
pins. Do not load this pin externally in either internal or
external reference mode.
ADC-C High Reference. In external reference mode,
externally drive the high reference voltage onto this pin. In
internal reference mode, a voltage is driven onto this pin by
the device. In either mode, place at least a 2.2-uF capacitor

VREFHIC 24 16 16 14 Vo on this pin. This capacitor should be placed as close to the
device as possible between the VREFHIC and VREFLOC
pins. Do not load this pin externally in either internal or
external reference mode.

VREFLOA 27 17 17 15 | ADC-A Low Reference

VREFLOB 26 17 17 15 | ADC-B Low Reference

VREFLOC 26 17 17 15 | ADC-C Low Reference

GPIO
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Table 6-1. Pin Attributes (continued)

TEXAS
INSTRUMENTS

www.ti.com

SIGNALNAME | , ALY 1100PZ| &0 eapm | 50 | PN DESCRIPTION
GPIO0 0,4,8,12 /O | General-Purpose Input Output 0
EPWM1_A 1 79 52 52 47 O |ePWM-1 Output A
12CA_SDA 6 I/OD |12C-A Open-Drain Bidirectional Data
GPIO1 0,4,8,12 I/O | General-Purpose Input Output 1
EPWM1_B 1 78 51 51 46 O |ePWM-1 Output B
12CA_SCL 6 I/OD |12C-A Open-Drain Bidirectional Clock
GPIO2 0,4,8,12 /O | General-Purpose Input Output 2
EPWM2_A 1 O |ePWM-2 Output A
OUTPUTXBART1 5 O |Output X-BAR Output 1
PMBUSA_SDA 6 7 %0 %0 45 I/OD |PMBus-A Open-Drain Bidirectional Data
SCIA_TX 9 (0] SCI-A Transmit Data
FSIRXA_D1 10 | FSIRX-A Optional Additional Data Input
GPIO3 0,4,8,12 /O | General-Purpose Input Output 3
EPWM2_B 1 O |ePWM-2 Output B
OUTPUTXBAR2 2,5 O |Output X-BAR Output 2
PMBUSA_SCL 6 76 49 49 44 I/OD | PMBus-A Open-Drain Bidirectional Clock
SPIA_CLK 7 I/0 | SPI-A Clock
SCIA_RX 9 | SCI-A Receive Data
FSIRXA_DO 10 | FSIRX-A Primary Data Input
GPIO4 0,4,8,12 /O | General-Purpose Input Output 4
EPWM3_A 1 O |ePWM-3 Output A
OUTPUTXBAR3 5 75 48 48 43 (0] Output X-BAR Output 3
CANA_TX 6 O |CAN-A Transmit
FSIRXA_CLK 10 | FSIRX-A Input Clock
GPIO5 0,4,8,12 /O | General-Purpose Input Output 5
EPWM3_B 1 (0] ePWM-3 Output B
OUTPUTXBARS3 3 O  |Output X-BAR Output 3
CANA_RX 6 89 o1 o1 % | CAN-A Receive
SPIA_STE 7 I/O | SPI-A Slave Transmit Enable (STE)
FSITXA_D1 9 O |FSITX-A Optional Additional Data Output
GPIO6 0,4,8,12 /O | General-Purpose Input Output 6
EPWM4_A 1 O |ePWM-4 Output A
OUTPUTXBAR4 2 O |Output X-BAR Output 4
SYNCOUT 3 (0] External ePWM Synchronization Pulse
EQEP1_A 5 o 64 64 ! | eQEP-1 Input A
CANB_TX 6 (0] CAN-B Transmit
SPIB_SOMI 7 /O |SPI-B Slave Out, Master In (SOMI)
FSITXA_DO 9 O |FSITX-A Primary Data Output
GPIO7 0,4,8,12 I/0  |General-Purpose Input Output 7
EPWM4_B 1 O |ePWM-4 Output B
OUTPUTXBARS5 3 (0] Output X-BAR Output 5
EQEP1_B 5 84 57 57 52 | eQEP-1 Input B
CANB_RX 6 | CAN-B Receive
SPIB_SIMO 7 /O | SPI-B Slave In, Master Out (SIMO)
FSITXA_CLK 9 O  |FSITX-A Output Clock
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Table 6-1. Pin Attributes (continued)

SIGNALNAME | , ALY 1100PZ| &0 eapm | 50 | PN DESCRIPTION
GPIO8 0,4,8,12 /O | General-Purpose Input Output 8
EPWM5_A O |ePWM-5 Output A
CANB_TX O |CAN-B Transmit
ADCSOCAO 3 0 :Ev?lﬁt;régzlgg)nversion A Output for External ADC (from
EQEP1_STROBE 5 74 | AT | AT |42 1 s | eQEP-1 Strobe
SCIA_TX 6 (0] SCI-A Transmit Data
SPIA_SIMO 7 /O | SPI-A Slave In, Master Out (SIMO)
12CA_SCL 9 I/OD |12C-A Open-Drain Bidirectional Clock
FSITXA_D1 10 O |FSITX-A Optional Additional Data Output
GPIO9 0,4,8,12 /O | General-Purpose Input Output 9
EPWM5_B 1 O |ePWM-5 Output B
SCIB_TX 2 (0] SCI-B Transmit Data
OUTPUTXBARG 3 O |Output X-BAR Output 6
EQEP1_INDEX 5 %0 62 62 %6 I/0  |eQEP-1 Index
SCIA_RX 6 | SCI-A Receive Data
SPIA_CLK 7 I/0 | SPI-A Clock
FSITXA_DO 10 (0] FSITX-A Primary Data Output
GPIO10 0,4,8,12 /O | General-Purpose Input Output 10
EPWM6_A 1 (0] ePWM-6 Output A
CANB_RX | CAN-B Receive
ADCSOCRO 3 0 /:F?V?/St;r;gzlggversion B Output for External ADC (from
EQEP1_A 5 93 63 63 I |eQEP-1 Input A
SCIB_TX 6 (0] SCI-B Transmit Data
SPIA_SOMI 7 I/O | SPI-A Slave Out, Master In (SOMI)
12CA_SDA 9 I/OD |12C-A Open-Drain Bidirectional Data
FSITXA_CLK 10 O  |FSITX-A Output Clock
GPIOM 0,4,8,12 /O | General-Purpose Input Output 11
EPWM6_B 1 O |ePWM-6 Output B
SCIB_RX 2,6 | SCI-B Receive Data
OUTPUTXBAR7 3 52 31 31 28 O |Output X-BAR Output 7
EQEP1_B 5 | eQEP-1 Input B
SPIA_STE 7 I/O | SPI-A Slave Transmit Enable (STE)
FSIRXA_D1 9 | FSIRX-A Optional Additional Data Input
GPIO12 0,4,8,12 I/O | General-Purpose Input Output 12
EPWM7_A 1 O |ePWM-7 Output A
CANB_TX 2 (0] CAN-B Transmit
EQEP1_STROBE 5 51 30 27 /0 |eQEP-1 Strobe
SCIB_TX 6 (0] SCI-B Transmit Data
PMBUSA_CTL 7 | PMBus-A Control Signal
FSIRXA_DO 9 | FSIRX-A Primary Data Input
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Table 6-1. Pin Attributes (continued)

SIGNALNAME | , ALY 1100PZ| &0 eapm | 50 | PN DESCRIPTION
GPIO13 0,4,8,12 I/O | General-Purpose Input Output 13
EPWM7_B 1 O |ePWM-7 Output B
CANB_RX 2 | CAN-B Receive
EQEP1_INDEX 5 50 29 26 /0 |eQEP-1 Index
SCIB_RX 6 | SCI-B Receive Data
PMBUSA_ALERT 7 I/OD |PMBus-A Open-Drain Bidirectional Alert Signal
FSIRXA_CLK 9 | FSIRX-A Input Clock
GPIO14 0,4,8,12 I/O | General-Purpose Input Output 14
EPWM8_A 1 (0] ePWM-8 Output A
SCIB_TX 2 (0] SCI-B Transmit Data
OUTPUTXBAR3 6 96 O |Output X-BAR Output 3
PMBUSA_SDA 7 I/OD |PMBus-A Open-Drain Bidirectional Data
SPIB_CLK 9 I/0 | SPI-B Clock
EQEP2_A 10 | eQEP-2 Input A
GPIO15 0,4,8,12 /O | General-Purpose Input Output 15
EPWM8_B 1 (0] ePWM-8 Output B
SCIB_RX 2 | SCI-B Receive Data
OUTPUTXBAR4 6 95 O |Output X-BAR Output 4
PMBUSA_SCL 7 I/OD |PMBus-A Open-Drain Bidirectional Clock
SPIB_STE 9 I/l0O | SPI-B Slave Transmit Enable (STE)
EQEP2_B 10 | eQEP-2 Input B
GPIO16 0,4,8,12 I/O | General-Purpose Input Output 16
SPIA_SIMO 1 /O | SPI-A Slave In, Master Out (SIMO)
CANB_TX 2 O |CAN-B Transmit
OUTPUTXBAR7 3 O |Output X-BAR Output 7
EPWM5_A 5 O |ePWM-5 Output A
SCIA_TX 6 54 33 33 30 O [SCI-A Transmit Data
SD1_D1 7 | SDFM-1 Channel 1 Data Input
EQEP1_STROBE 9 /0 |eQEP-1 Strobe
PMBUSA_SCL 10 I/OD |PMBus-A Open-Drain Bidirectional Clock
" o[ ik ouot. T ot s s
GPIO17 0,4,8,12 I/O | General-Purpose Input Output 17
SPIA_SOMI 1 I/O | SPI-A Slave Out, Master In (SOMI)
CANB_RX 2 | CAN-B Receive
OUTPUTXBARS 3 O |Output X-BAR Output 8
EPWM5_B 5 55 34 34 31 O |ePWM-5 Output B
SCIA_RX 6 | SCI-A Receive Data
SD1_CH1 7 | SDFM-1 Channel 1 Clock Input
EQEP1_INDEX 9 /0 |eQEP-1 Index
PMBUSA_SDA 10 I/OD |PMBus-A Open-Drain Bidirectional Data
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Table 6-1. Pin Attributes (continued)

MUX

64

56

PIN

SIGNAL NAME POSITION 100 PZ PMQ 64 PM RSH | TYPE DESCRIPTION

General-Purpose Input Output 18. This pin and its digital
mux options can only be used when the system is clocked

GPIO18_X2 0.4,8 12 Vo by INTOSC and X1 has an external pulldown resistor
(recommended 1 kQ).

SPIA_CLK 1 I/0 | SPI-A Clock

SCIB_TX 2 (0] SCI-B Transmit Data

CANA_RX 3 | CAN-A Receive

EPWM6_A 5 68 41 41 38 O |ePWM-6 Output A

12CA_SCL 6 I/OD |12C-A Open-Drain Bidirectional Clock

SD1_D2 7 | SDFM-1 Channel 2 Data Input

EQEP2_A 9 | eQEP-2 Input A

PMBUSA_CTL 10 | PMBus-A Control Signal

XCLKOUT 1 o Exte_rnal Clock Output. Th|s_ pin outputs_a f:I|V|ded-dc_>wn
version of a chosen clock signal from within the device.

X2 ALT /O | Crystal oscillator output

GP1020 0 I/O | General-Purpose Input Output 20

GPI1021 0 /O | General-Purpose Input Output 21
General-Purpose Input Output 22. This pin is configured for
DC-DC mode by default. If the internal DC-DC regulator is

GP1022_VFBSW 0,4,8,12 I/O  |not used, this can be configured as General-Purpose Input
Output 22 by disabling DC-DC and clearing their bits in
GPAAMSEL register.

EQEP1_STROBE 1 /0 |eQEP-1 Strobe

SCIB_TX 3 (0] SCI-B Transmit Data

SPIB_CLK 6 83 | 56 | 56 | 51 | 5 |spIB Clock

SD1_D4 7 | SDFM-1 Channel 4 Data Input

LINA_TX 9 O  |LIN-A Transmit
Internal DC-DC regulator feedback signal. If the internal DC-

) DC regulator is used, tie this pin to the node where L(VSW)

VFBSW ALT connects to the VDD rail (as close as possible to the
device).
General-Purpose Input Output 23. This pin is configured for
DC-DC mode by default. If the internal DC-DC regulator is
not used, this can be configured as General-Purpose Input
Output 23 by disabling DC-DC and clearing their bits in

GPIO23_VSW 0 81 54 54 49 Vo GPAAMSEL register. This pin has an internal capacitance of
approximately 100 pF. TI Recommends using an alternate
GPIO, or using this pin only for applications which do not
require a fast switching response.

VSW ALT - Switching output of the internal DC-DC regulator

GP1024 0,4,8,12 I/O | General-Purpose Input Output 24

OUTPUTXBAR1 1 O  |Output X-BAR Output 1

EQEP2_A 2 | eQEP-2 Input A

EPWM8_A 5 O |ePWM-8 Output A

SPIB_SIMO 6 56 35 35 32 I/0 | SPI-B Slave In, Master Out (SIMO)

SD1_D1 7 | SDFM-1 Channel 1 Data Input

PMBUSA_SCL 10 I/OD |PMBus-A Open-Drain Bidirectional Clock

SCIA_TX 11 O SCI-A Transmit Data

ERRORSTS 13 (0] Error Status Output. This signal requires an external pullup.
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TEXAS

Table 6-1. Pin Attributes (continued)

SIGNALNAME | , ALY 1100PZ| &0 eapm | 50 | PN DESCRIPTION
GPI1025 0,4,8,12 I/O | General-Purpose Input Output 25
OUTPUTXBAR2 1 O  |Output X-BAR Output 2
EQEP2_B 2 | eQEP-2 Input B
SPIB_SOMI 6 57 I/O | SPI-B Slave Out, Master In (SOMI)
SD1_CH1 7 | SDFM-1 Channel 1 Clock Input
FSITXA_D1 9 O |FSITX-A Optional Additional Data Output
PMBUSA_SDA 10 I/OD |PMBus-A Open-Drain Bidirectional Data
SCIA_RX 1 | SCI-A Receive Data
GP1026 0,4,8,12 I/O | General-Purpose Input Output 26
OUTPUTXBAR3 1,5 O |Output X-BAR Output 3
EQEP2_INDEX 2 /0 |eQEP-2 Index
SPIB_CLK 6 I/0 | SPI-B Clock
SD1_D2 7 %8 | SDFM-1 Channel 2 Data Input
FSITXA_DO 9 (0] FSITX-A Primary Data Output
PMBUSA_CTL 10 | PMBus-A Control Signal
12CA_SDA 11 I/OD |12C-A Open-Drain Bidirectional Data
GPI1027 0,4,8,12 I/O | General-Purpose Input Output 27
OUTPUTXBAR4 1,5 O |Output X-BAR Output 4
EQEP2_STROBE 2 /10 |eQEP-2 Strobe
SPIB_STE 6 I/l0 | SPI-B Slave Transmit Enable (STE)
SD1_C2 7 % | SDFM-1 Channel 2 Clock Input
FSITXA_CLK 9 O FSITX-A Output Clock
PMBUSA_ALERT 10 I/OD |PMBus-A Open-Drain Bidirectional Alert Signal
12CA_SCL 11 I/OD |12C-A Open-Drain Bidirectional Clock
GP1028 0,4,8,12 I/O | General-Purpose Input Output 28
SCIA_RX 1 | SCI-A Receive Data
EPWM7_A 3 O |ePWM-7 Output A
OUTPUTXBARS5 5 O |Output X-BAR Output 5
EQEP1_A 6 ] 5 ) 3 | eQEP-1 Input A
SD1_D3 7 | SDFM-1 Channel 3 Data Input
EQEP2_STROBE 9 /0 |eQEP-2 Strobe
LINA_TX 10 O  |LIN-A Transmit
SPIB_CLK 1 I/0 | SPI-B Clock
ERRORSTS 13 (0] Error Status Output. This signal requires an external pullup.
GPI1029 0,4,8,12 I/O | General-Purpose Input Output 29
SCIA_TX 1 (0] SCI-A Transmit Data
EPWM7_B 3 O |ePWM-7 Output B
OUTPUTXBARG6 5 O |Output X-BAR Output 6
EQEP1_B 6 | eQEP-1 Input B
SD1_C3 7 100 ! 1 2 | SDFM-1 Channel 3 Clock Input
EQEP2_INDEX 9 /0 |eQEP-2 Index
LINA_RX 10 | LIN-A Receive
SPIB_STE 1 I/O | SPI-B Slave Transmit Enable (STE)
ERRORSTS 13 (0] Error Status Output. This signal requires an external pullup.
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Table 6-1. Pin Attributes (continued)
SIGNALNAME | , ALY 1100PZ| &0 eapm | 50 | PN DESCRIPTION

GPIO30 0,4,8,12 I/O | General-Purpose Input Output 30

CANA_RX 1 | CAN-A Receive

SPIB_SIMO 3 I/0O | SPI-B Slave In, Master Out (SIMO)

OUTPUTXBAR7 5 % O |Output X-BAR Output 7

EQEP1_STROBE 6 I/0  |eQEP-1 Strobe

SD1_D4 7 | SDFM-1 Channel 4 Data Input

GPIO31 0,4,8,12 I/O | General-Purpose Input Output 31

CANA_TX 1 (0] CAN-A Transmit

SPIB_SOMI 3 I/O  |SPI-B Slave Out, Master In (SOMI)

OUTPUTXBARS 5 99 O |Output X-BAR Output 8

EQEP1_INDEX 6 I/0  |eQEP-1 Index

SD1_C4 7 | SDFM-1 Channel 4 Clock Input

FSIRXA_D1 9 | FSIRX-A Optional Additional Data Input

GPI1032 0,4,8,12 I/O | General-Purpose Input Output 32

12CA_SDA 1 I/OD |12C-A Open-Drain Bidirectional Data

SPIB_CLK 3 I/0 | SPI-B Clock

EPWMS8_B 5 O |ePWM-8 Output B

LINA_TX 6 64 40 40 3 O  |LIN-A Transmit

SD1_D3 7 | SDFM-1 Channel 3 Data Input

FSIRXA_DO 9 | FSIRX-A Primary Data Input

CANA_TX 10 (0] CAN-A Transmit

GPIO33 0,4,8,12 I/O | General-Purpose Input Output 33

12CA_SCL 1 I/OD |12C-A Open-Drain Bidirectional Clock

SPIB_STE 3 I/O |SPI-B Slave Transmit Enable (STE)

OUTPUTXBAR4 5 O |Output X-BAR Output 4

LINA_RX 6 53 32 32 29 | LIN-A Receive

SD1_C3 7 | SDFM-1 Channel 3 Clock Input

FSIRXA_CLK 9 | FSIRX-A Input Clock

CANA_RX 10 | CAN-A Receive

GPI034 0,4,8,12 I/O | General-Purpose Input Output 34

OUTPUTXBAR1 1 94 O |Output X-BAR Output 1

PMBUSA_SDA 6 I/OD |PMBus-A Open-Drain Bidirectional Data

GPIO35 0,4,8,12 I/O | General-Purpose Input Output 35

SCIA_RX 1 | SCI-A Receive Data

12CA_SDA 3 I/OD |12C-A Open-Drain Bidirectional Data

CANA_RX 5 | CAN-A Receive

PMBUSA_SCL 6 I/OD |PMBus-A Open-Drain Bidirectional Clock

LINA_RX 7 63 39 39 36 | LIN-A Receive

EQEP1_A 9 | eQEP-1 Input A

PMBUSA_CTL 10 | PMBus-A Control Signal
JTAG Test Data Input (TDI) - TDI is the default mux
selection for the pin. The internal pullup is disabled by

TDI 15 | default. The internal pullup should be enabled or an external
pullup added on the board if this pin is used as JTAG TDI to
avoid a floating input.
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Table 6-1. Pin Attributes (continued)
SIGNALNAME | , ALY 1100PZ| &0 eapm | 50 | PN DESCRIPTION
GPIO37 0,4,8,12 I/O | General-Purpose Input Output 37
OUTPUTXBAR2 1 O  |Output X-BAR Output 2
12CA_SCL 3 I/OD |12C-A Open-Drain Bidirectional Clock
SCIA_TX 5 (0] SCI-A Transmit Data
CANA_TX 6 O |CAN-A Transmit
LINA_TX 7 O  |LIN-A Transmit
EQEP1 B 9 61 37 37 34 I |eQEP-1 Input B
PMBUSA_ALERT 10 I/OD |PMBus-A Open-Drain Bidirectional Alert Signal
JTAG Test Data Output (TDO) - TDO is the default mux
selection for the pin. The internal pullup is disabled by
DO 15 o default. The_TDO function yv_ill be in a tri-s_tate_ condi?ion
when there is no JTAG activity, leaving this pin floating; the
internal pullup should be enabled or an external pullup
added on the board to avoid a floating GPIO input.
GPIO39 0,4,8,12 I/O | General-Purpose Input Output 39
CANB_RX 6 91 | CAN-B Receive
FSIRXA_CLK 7 | FSIRX-A Input Clock
GPI1040 0,4,8,12 I/O | General-Purpose Input Output 40
PMBUSA_SDA 6 I/OD |PMBus-A Open-Drain Bidirectional Data
FSIRXA_DO 7 85 | FSIRX-A Primary Data Input
SCIB_TX 9 (0] SCI-B Transmit Data
EQEP1_A 10 | eQEP-1 Input A
GPI1041 0 /O | General-Purpose Input Output 41
GP1042 0 I/O | General-Purpose Input Output 42
GPI1043 0 I/O | General-Purpose Input Output 43
GPl1044 0 I/O | General-Purpose Input Output 44
GPl045 0 I/O | General-Purpose Input Output 45
GP1046 0 I/O | General-Purpose Input Output 46
GPI1047 0 I/O | General-Purpose Input Output 47
GP1048 0 I/O | General-Purpose Input Output 48
GPI1049 0 I/O | General-Purpose Input Output 49
GPIO50 0 I/O | General-Purpose Input Output 50
GPIO51 0 /O | General-Purpose Input Output 51
GPI052 0 I/O | General-Purpose Input Output 52
GPIO53 0 /O | General-Purpose Input Output 53
GPI1054 0 I/O | General-Purpose Input Output 54
GPIO55 0 I/O | General-Purpose Input Output 55
GPIO56 0,4,8,12 I/O | General-Purpose Input Output 56
SPIA_CLK 1 I/0 | SPI-A Clock
EQEP2_STROBE 5 /10 |eQEP-2 Strobe
SCIB_TX 6 65 (0] SCI-B Transmit Data
SD1_D3 7 | SDFM-1 Channel 3 Data Input
SPIB_SIMO 9 I/O |SPI-B Slave In, Master Out (SIMO)
EQEP1_A 11 | eQEP-1 Input A
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Table 6-1. Pin Attributes (continued)

MUX 64 56 PIN
SIGNAL NAME POSITION 100 PZ PMQ 64 PM RSH | TYPE DESCRIPTION

GPIO57 0,4,8,12 I/O | General-Purpose Input Output 57

SPIA_STE 1 I/0 | SPI-A Slave Transmit Enable (STE)

EQEP2_INDEX 5 /0  |eQEP-2 Index

SCIB_RX 6 66 | SCI-B Receive Data

SD1_C3 7 | SDFM-1 Channel 3 Clock Input

SPIB_SOMI 9 I/0 | SPI-B Slave Out, Master In (SOMI)

EQEP1_B 11 | eQEP-1 Input B

GPIO58 0,4,8,12 I/O | General-Purpose Input Output 58

OUTPUTXBAR1 5 (0] Output X-BAR Output 1

SPIB_CLK 6 I/0 | SPI-B Clock

SD1_D4 7 67 | SDFM-1 Channel 4 Data Input

LINA_TX 9 O  [LIN-A Transmit

CANB_TX 10 O |CAN-B Transmit

EQEP1_STROBE 1 /0 |eQEP-1 Strobe

GPIO59 0,4,8,12 /O | General-Purpose Input Output 59

OUTPUTXBAR2 5 O Output X-BAR Output 2

SPIB_STE 6 I/l0 | SPI-B Slave Transmit Enable (STE)

SD1_C4 7 92 | SDFM-1 Channel 4 Clock Input

LINA_RX 9 | LIN-A Receive

CANB_RX 10 | CAN-B Receive

EQEP1_INDEX 1 /0 |eQEP-1 Index

TEST, JTAG, AND RESET

FLT1 49 30 I/O |Flash test pin 1. Reserved for Tl. Must be left unconnected.

FLT2 48 29 I/O |Flash test pin 2. Reserved for Tl. Must be left unconnected.

TCK 60 36 36 33 | JTAG test clock with internal pullup.
JTAG test-mode select (TMS) with internal pullup. This
serial control input is clocked into the TAP controller on the
rising edge of TCK. This device does not have a TRSTn pin.

™S 62 38 38 35 Vo An external pullup resistor (recommended 2.2 kQ) on the
TMS pin to VDDIO should be placed on the board to keep
JTAG in reset during normal operation.
Internal voltage regulator enable with internal pulldown. Tie

VREGENZ 73 46 46 | directly to VSS (low) to enable the internal VREG. Tie
directly to VDDIO (high) to use an external supply.
Crystal oscillator input or single-ended clock input. The
device initialization software must configure this pin before
the crystal oscillator is enabled. To use this oscillator, a
quartz crystal circuit must be connected to X1 and X2. This

X1 69 42 42 39 I/O |pin can also be used to feed a single-ended 3.3-V level
clock. GPIO19 is not supported. Internally GPIO19 is
connected to the X1 function, therefore the GPIO19 should
be kept in Input Mode with the Pullup disabled to avoid
interference with the X1 clock function.
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Table 6-1. Pin Attributes (continued)

MUX 64 56 PIN
SIGNALNAME | pocmion [100PZ] puo [64PM | oo | rvpE DESCRIPTION

Device Reset (in) and Watchdog Reset (out). During a
power-on condition, this pin is driven low by the device. An
external circuit may also drive this pin to assert a device
reset. This pin is also driven low by the MCU when a
watchdog reset occurs. During watchdog reset, the XRSn
pin is driven low for the watchdog reset duration of 512
OSCCLK cycles. A resistor with a value from 2.2 kQ to 10
kQ should be placed between XRSn and VDDIO. If a

XRSn 2 3 3 4 I/OD | capacitor is placed between XRSn and VSS for noise
filtering, it should be 100 nF or smaller. These values allow
the watchdog to properly drive the XRSn pin to VOL within
512 OSCCLK cycles when the watchdog reset is asserted.
The output buffer of this pin is an open-drain with an internal
pullup. If this pin is driven by an external device, It should be
done using an open-drain device. If this pin is driven by an
external device, it should be done using an open-drain
device.

POWER AND GROUND

1.2-V Digital Logic Power Pins. TlI recommends placing a
decoupling capacitor near each VDD pin with a minimum

VDD 4,46, | 4,27, | 4,27, | 5,24, total capacitance of approximately 20 pyF. When not using
71,87 | 44,59 | 44,59 | 41, 53 the internal voltage regulator, the exact value of the
decoupling capacitance should be determined by your
system voltage regulation solution.
3.3-V Analog Power Pins. Place a minimum 2.2-yF
VDDA 1,34 22 22 20 decoupling capacitor to VSSA on each pin.
VDDIO 3,47, | 28,43, |28, 43, | 25, 40, 3.3-V Digital I1/0 Power Pins. Place a minimum 0.1-pyF
70, 88 60 60 54 decoupling capacitor on each pin.
3.3-V Supply pin for the internal DC-DC regulator. If the
internal DC-DC regulator is used, a bulk input capacitance
of 20-uF should be placed on this pin. Always tie this pin to
VDDIO_SW 80 | 53 | 53 | 48 the VDDIO pin. A ferrite bead may be used for isolation if
desired but VDDIO_SW and VDDIO must be supplied from
the same source.
5,45, | 5,26, | 5,26, .
VSS 72,86 | 45, 58 | 45, 58 PAD Digital Ground
VSSA 12,33 21 21 19 Analog Ground
VSS_SW 82 55 55 50 Internql DC-DC regulator ground. Always tie this pin to the
VSS pin.
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6.3 Signal Descriptions

6.3.1 Analog Signals

Table 6-2. Analog Signals

SIGNAL NAME DESCRIPTION TsllyE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH
A0 ADC-A Input 0 I 23 15 15 13
A1 ADC-A Input 1 I 22 14 14 12
A2 ADC-A Input 2 I 9 9 9 8
A3 ADC-A Input 3 I 10
A4 ADC-A Input 4 I 36 23 23 21
A5 ADC-A Input 5 I 35
A6 ADC-A Input 6 | 6 6 6
A8 ADC-A Input 8 | 37
A9 ADC-A Input 9 I 38
A10 ADC-A Input 10 I 40 25 25 23
AlO224 Digital Input-224 on ADC Pin I 9 9 9 8
AlO225 Digital Input-225 on ADC Pin I 36 23 23 21
AlO226 Digital Input-226 on ADC Pin I 7 7 7 6
AlO227 Digital Input-227 on ADC Pin | 39 24 24 22
AlO228 Digital Input-228 on ADC Pin | 6 6 6
AlO229 Digital Input-229 on ADC Pin | 37
AlO230 Digital Input-230 on ADC Pin I 40 25 25 23
AlO231 Digital Input-231 on ADC Pin I 23 15 15 13
AlO232 Digital Input-232 on ADC Pin I 22 14 14 12
AlO233 Digital Input-233 on ADC Pin I 10
AlO234 Digital Input-234 on ADC Pin I 35
AlO236 Digital Input-236 on ADC Pin | 38
AlO237 Digital Input-237 on ADC Pin | 19 12 12 10
AlO238 Digital Input-238 on ADC Pin | 29 18 18 16
AlO239 Digital Input-239 on ADC Pin | 17 11 11
AlO240 Digital Input-240 on ADC Pin | 28
AlO241 Digital Input-241 on ADC Pin | 41
AlO242 Digital Input-242 on ADC Pin I 8 8 8 7
AlO244 Digital Input-244 on ADC Pin I 21 13 13 11
AlO245 Digital Input-245 on ADC Pin | 31 19 19 17
AlO246 Digital Input-246 on ADC Pin | 44
BO ADC-B Input 0 | 41
B1 ADC-B Input 1 I 40 25 25 23
B2 ADC-B Input 2 I 7
B3 ADC-B Input 3 I 8 8
B4 ADC-B Input 4 I 39 24 24 22
B6 ADC-B Input 6 I 9 9 9 8
B8 ADC-B Input 8 | 36 23 23 21
B15 ADC-B Input 15 | 23 15 15 13
Co ADC-C Input 0 | 19 12 12 10
C1 ADC-C Input 1 I 29 18 18 16
Cc2 ADC-C Input 2 I 21 13 13 1
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Table 6-2. Analog Signals (continued)

SIGNAL NAME DESCRIPTION TI;IF';JE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH

C3 ADC-C Input 3 [ 31 19 19 17
C4 ADC-C Input 4 [ 17 1 1

C5 ADC-C Input 5 [ 28

C6 ADC-C Input 6 | 7 7 7 6
C8 ADC-C Input 8 [ 39 24 24 22
C10 ADC-C Input 10 | 40 25 25 23
C14 ADC-C Input 14 | 44

C15 ADC-C Input 15 | 23 15 15 13
CMP1_HNO CMPSS-1 High Comparator Negative Input O | 10

CMP1_HN1 CMPSS-1 High Comparator Negative Input 1 | 19 12 12 10
CMP1_HPO CMPSS-1 High Comparator Positive Input 0 | 9 9 9 8
CMP1_HP1 CMPSS-1 High Comparator Positive Input 1 | 19 12 12 10
CMP1_HP2 CMPSS-1 High Comparator Positive Input 2 | 18 12 12 10
CMP1_HP3 CMPSS-1 High Comparator Positive Input 3 | 10

CMP1_LNO CMPSS-1 Low Comparator Negative Input 0 | 10

CMP1_LN1 CMPSS-1 Low Comparator Negative Input 1 | 19 12 12 10
CMP1_LPO CMPSS-1 Low Comparator Positive Input 0 | 9 9 9 8
CMP1_LP1 CMPSS-1 Low Comparator Positive Input 1 | 19 12 12 10
CMP1_LP2 CMPSS-1 Low Comparator Positive Input 2 | 18 12 12 10
CMP1_LP3 CMPSS-1 Low Comparator Positive Input 3 | 10

CMP2_HNO CMPSS-2 High Comparator Negative Input O | 35

CMP2_HN1 CMPSS-2 High Comparator Negative Input 1 | 29 18 18 16
CMP2_HPO CMPSS-2 High Comparator Positive Input 0 | 36 23 23 21
CMP2_HP1 CMPSS-2 High Comparator Positive Input 1 | 29 18 18 16
CMP2_HP2 CMPSS-2 High Comparator Positive Input 2 | 30 18 18 16
CMP2_HP3 CMPSS-2 High Comparator Positive Input 3 | 35

CMP2_LNO CMPSS-2 Low Comparator Negative Input O | 35

CMP2_LN1 CMPSS-2 Low Comparator Negative Input 1 | 29 18 18 16
CMP2_LPO CMPSS-2 Low Comparator Positive Input 0 | 36 23 23 21
CMP2_LP1 CMPSS-2 Low Comparator Positive Input 1 | 29 18 18 16
CMP2_LP2 CMPSS-2 Low Comparator Positive Input 2 | 30 18 18 16
CMP2_LP3 CMPSS-2 Low Comparator Positive Input 3 | 35

CMP3_HNO CMPSS-3 High Comparator Negative Input O | 8 8 8 7
CMP3_HN1 CMPSS-3 High Comparator Negative Input 1 | 21 13 13 11
CMP3_HPO CMPSS-3 High Comparator Positive Input 0 | 7 7 7 6
CMP3_HP1 CMPSS-3 High Comparator Positive Input 1 | 21 13 13 11
CMP3_HP2 CMPSS-3 High Comparator Positive Input 2 | 20 13 13 11
CMP3_HP3 CMPSS-3 High Comparator Positive Input 3 | 8 8 7
CMP3_LNO CMPSS-3 Low Comparator Negative Input 0 | 8 8 7
CMP3_LN1 CMPSS-3 Low Comparator Negative Input 1 | 21 13 13 11
CMP3_LPO CMPSS-3 Low Comparator Positive Input 0 | 7 7 7 6
CMP3_LP1 CMPSS-3 Low Comparator Positive Input 1 | 21 13 13 11
CMP3_LP2 CMPSS-3 Low Comparator Positive Input 2 | 20 13 13 11
CMP3_LP3 CMPSS-3 Low Comparator Positive Input 3 | 8 8 8 7
CMP4_HN1 CMPSS-4 High Comparator Negative Input 1 | 31 19 19 17
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Table 6-2. Analog Signals (continued)

SIGNAL NAME DESCRIPTION TI;IF';JE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH
CMP4_HPO CMPSS-4 High Comparator Positive Input 0 | 39 24 24 22
CMP4_HP1 CMPSS-4 High Comparator Positive Input 1 | 31 19 19 17
CMP4_HP2 CMPSS-4 High Comparator Positive Input 2 | 31 19 19 17
CMP4_LN1 CMPSS-4 Low Comparator Negative Input 1 | 31 19 19 17
CMP4_LPO CMPSS-4 Low Comparator Positive Input 0 | 39 24 24 22
CMP4_LP1 CMPSS-4 Low Comparator Positive Input 1 | 31 19 19 17
CMP4_LP2 CMPSS-4 Low Comparator Positive Input 2 | 31 19 19 17
CMP5_HN1 CMPSS-5 High Comparator Negative Input 1 | 17 11 11
CMP5_HPO CMPSS-5 High Comparator Positive Input 0 | 6 6 6
CMP5_HP1 CMPSS-5 High Comparator Positive Input 1 | 17 11 11
CMP5_HP2 CMPSS-5 High Comparator Positive Input 2 | 16 11 11
CMP5_LN1 CMPSS-5 Low Comparator Negative Input 1 | 17 11 11
CMP5_LPO CMPSS-5 Low Comparator Positive Input 0 | 6 6 6
CMP5_LP1 CMPSS-5 Low Comparator Positive Input 1 | 17 11 11
CMP5_LP2 CMPSS-5 Low Comparator Positive Input 2 | 16 11 11
CMP6_HNO CMPSS-6 High Comparator Negative Input O | 38
CMP6_HN1 CMPSS-6 High Comparator Negative Input 1 | 28
CMP6_HPO CMPSS-6 High Comparator Positive Input 0 | 37
CMP6_HP1 CMPSS-6 High Comparator Positive Input 1 | 28
CMP6_HP2 CMPSS-6 High Comparator Positive Input 2 | 28
CMP6_HP3 CMPSS-6 High Comparator Positive Input 3 | 38
CMP6_LNO CMPSS-6 Low Comparator Negative Input 0 | 38
CMP6_LN1 CMPSS-6 Low Comparator Negative Input 1 | 28
CMP6_LPO CMPSS-6 Low Comparator Positive Input 0 | 37
CMP6_LP1 CMPSS-6 Low Comparator Positive Input 1 | 28
CMP6_LP2 CMPSS-6 Low Comparator Positive Input 2 | 28
CMP6_LP3 CMPSS-6 Low Comparator Positive Input 3 | 38
CMP7_HNO CMPSS-7 High Comparator Negative Input O | 41
CMP7_HN1 CMPSS-7 High Comparator Negative Input 1 | 44
CMP7_HPO CMPSS-7 High Comparator Positive Input 0 | 40 25 25 23
CMP7_HP1 CMPSS-7 High Comparator Positive Input 1 | 44
CMP7_HP2 CMPSS-7 High Comparator Positive Input 2 | 43
CMP7_HP3 CMPSS-7 High Comparator Positive Input 3 | 41
CMP7_LNO CMPSS-7 Low Comparator Negative Input O | 41
CMP7_LN1 CMPSS-7 Low Comparator Negative Input 1 | 44
CMP7_LPO CMPSS-7 Low Comparator Positive Input O | 40 25 25 23
CMP7_LP1 CMPSS-7 Low Comparator Positive Input 1 | 44
CMP7_LP2 CMPSS-7 Low Comparator Positive Input 2 | 43
CMP7_LP3 CMPSS-7 Low Comparator Positive Input 3 | 41
DACA_OUT Buffered DAC-A Output (e} 23 15 15 13
DACB_OUT Buffered DAC-B Output O 22 14 14 12
PGA1_GND PGA-1 Ground [ 14 10 10 9
PGA1_IN PGA-1 Input [ 18 12 12 10
PGA1_OF PGA-1 Output Filter (Optional) (o] 9 9 9 8
PGA2_GND PGA-2 Ground [ 32 20 20 18
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Table 6-2. Analog Signals (continued)
PIN

SIGNAL NAME DESCRIPTION TYPE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH
PGA2_IN PGA-2 Input I 30 18 18 16
PGA2_OF PGA-2 Output Filter (Optional) O 36 23 23 21
PGA3_GND PGA-3 Ground I 15 10 10 9
PGA3_IN PGA-3 Input I 20 13 13 11
PGA3_OF PGA-3 Output Filter (Optional) (e} 7 7 7 6
PGA4_GND PGA-4 Ground | 32 20 20 18
PGA4_IN PGA-4 Input | 31 19 19 17
PGA4_OF PGA-4 Output Filter (Optional) O 39 24 24 22
PGA5_GND PGA-5 Ground I 13 10 10 9
PGA5_IN PGA-5 Input I 16 1 1
PGA5_OF PGA-5 Output Filter (Optional) O 6 6 6
PGA6_GND PGA-6 Ground I 32 20 20 18
PGA6_IN PGA-6 Input I 28
PGA6_OF PGA-6 Output Filter (Optional) (o] 37
PGA7_GND PGA-7 Ground | 42
PGA7_IN PGA-7 Input | 43
PGA7_OF PGA-7 Output Filter (Optional) O 40 25 25 23

Optional external reference voltage for on-chip
DACs. There is a 100-pF capacitor to VSSA on
this pin whether used for ADC input or DAC
VDAC reference which cannot be disabled. If this pin 8 8 8 7
is being used as a reference for the on-chip
DACs, place at least a 1-uF capacitor on this
pin.

ADC-A High Reference. In external reference
mode, externally drive the high reference
voltage onto this pin. In internal reference
mode, a voltage is driven onto this pin by the
device. In either mode, place at least a 2.2-pF
capacitor on this pin. This capacitor should be
placed as close to the device as possible
between the VREFHIA and VREFLOA pins. Do
not load this pin externally in either internal or
external reference mode.

VREFHIA 110 25 16 16 14

ADC-B High Reference. In external reference
mode, externally drive the high reference
voltage onto this pin. In internal reference
mode, a voltage is driven onto this pin by the
device. In either mode, place at least a 2.2-uF
capacitor on this pin. This capacitor should be
placed as close to the device as possible
between the VREFHIB and VREFLOB pins. Do
not load this pin externally in either internal or
external reference mode.

VREFHIB e} 24 16 16 14

ADC-C High Reference. In external reference
mode, externally drive the high reference
voltage onto this pin. In internal reference
mode, a voltage is driven onto this pin by the
device. In either mode, place at least a 2.2-uF
capacitor on this pin. This capacitor should be
placed as close to the device as possible
between the VREFHIC and VREFLOC pins.
Do not load this pin externally in either internal
or external reference mode.

VREFLOA ADC-A Low Reference 27 17 17 15

VREFHIC IO 24 16 16 14
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Table 6-2. Analog Signals (continued)

SIGNAL NAME DESCRIPTION TI;IIyE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH
VREFLOB ADC-B Low Reference | 26 17 17 15
VREFLOC ADC-C Low Reference | 26 17 17 15
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6.3.2 Digital Signals
Table 6-3. Digital Signals

SIGNAL NAME DESCRIPTION Tl;lgE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH
ADC Start of Conversion A Output for External
ADCSOCAO ADC (from ePWM modules) O 8 74 47 47 42
ADC Start of Conversion B Output for External
ADCSOCBO ADC (from ePWM modules) o 10 93 63 63
18, 30, | 53, 63
. o " oa | 32,39, | 32,39, | 29, 36,
CANA_RX CAN-A Receive 33, 35, | 68, 89, 41,61 | 41,61 | 38,55
5 98
. 31,32, | 61,64, | 37,40, | 37,40, | 34, 37,
CANA_TX CAN-A Transmit (0] 37.4 | 75,99 48 48 43
10, 13, | 50, 55,
CANB_RX CAN-B Receive 17,39, | 84, 91, 34é§7’ %E; %‘; 26é§1’
59,7 92, 93 ’
51, 54
. 12, 16, 2. | 33,47, | 30,33, | 1,27,
CANB_TX CAN-B Transmit O 58.6, 8 67é774, 64 47.64 | 30,42
EPWM1_A ePWM-1 Output A (0] 0 79 52 52 47
EPWM1_B ePWM-1 Output B O 1 78 51 51 46
EPWM2_A ePWM-2 Output A O 2 77 50 50 45
EPWM2_B ePWM-2 Output B O 3 76 49 49 44
EPWM3_A ePWM-3 Output A O 4 75 48 48 43
EPWM3_B ePWM-3 Output B O 5 89 61 61 55
EPWM4_A ePWM-4 Output A (0] 6 97 64 64 1
EPWM4_B ePWM-4 Output B (0] 7 84 57 57 52
EPWM5_A ePWM-5 Output A (0] 16, 8 54,74 | 33,47 | 33,47 | 30,42
EPWM5_B ePWM-5 Output B O 17,9 55,90 | 34,62 | 34,62 | 31,56
EPWM6_A ePWM-6 Output A O 10,18 | 68,93 | 41,63 | 41,63 38
EPWM6_B ePWM-6 Output B O 11 52 31 31 28
EPWM7_A ePWM-7 Output A O 12, 28 1, 51 2 2,30 27,3
EPWM7_B ePWM-7 Output B (e} 13,29 | 100, 50 1 1,29 2,26
EPWM8_A ePWM-8 Output A (0] 14,24 | 56, 96 35 35 32
EPWM8_B ePWM-8 Output B (0] 15,32 | 64,95 40 40 37
10, 28, | 1,63,
EQEP1_A eQEP-1 Input A 35, 40, | 65, 85, 53334 53 354 1,3, 36
56, 6 93, 97 ’ ’
11, 29, | 100, 52
R | 1,31, 1, 31, 2,28,
EQEP1_B eQEP-1 Input B 37,57, | 61,66, 37,57 | 37,57 | 34,52
7 84
13,17, | 50, 55,
EQEP1_INDEX eQEP-1 Index I/O 31,59, | 90,92, | 34,62 29,34, | 26, 31,
- 62 56
9 99
12, 16, | 51, 54,
EQEP1_STROBE eQEP-1 Strobe U0 | 22,30, | 67,74, | 3337 | 3035 | 27,30,
58,8 | 83,98 ’ ’
EQEP2 A €QEP-2 Input A | 14é: 8, 56éé38, 35,41 | 35,41 | 32,38
EQEP2_B eQEP-2 Input B | 15,25 | 57,95
EQEP2_INDEX eQEP-2 Index I/0 26, 29, | 100, 58, 1 1 2
57 66
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Table 6-3. Digital Signals (continued)

SIGNAL NAME DESCRIPTION T?IF';JE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH
EQEP2_STROBE eQEP-2 Strobe 110 27égs’ ! ’6559’ 2 2 3
ERRORSTS E;:g:nsatla;ljlgetput. This signal requires an o 24é928, 1,;20, 1,2,35| 1,2, 35| 2 3,32
FSIRXA_CLK FSIRX-A Input Clock 13932 57% 59:3 32,48 29"132’ 264’59’
FSIRXA_DO FSIRX-A Primary Data Input ;22 fo 5716 %45 40, 49 30"130’ 27427’
FSIRXA_D1 FSIRX-A Optional Additional Data Input 113’12’ 52;9;7’ 31,50 | 31,50 | 28,45
FSITXA_CLK FSITX-A Output Clock (o] 10’727‘ 59é§4‘ 57,63 | 57,63 52
FSITXA_DO FSITX-A Primary Data Output o |26609 58é$0' 62,64 | 62,64 | 1,56
FSITXA_D1 FSITX-A Optional Additional Data Output (e} 25,5,8 57ég4’ 47,61 | 47,61 | 42,55
GPIO0 General-Purpose Input Output 0 I/0 0 79 52 52 47
GPIO1 General-Purpose Input Output 1 I/0 1 78 51 51 46
GPIO2 General-Purpose Input Output 2 I/0 2 77 50 50 45
GPIO3 General-Purpose Input Output 3 I/0 3 76 49 49 44
GPI04 General-Purpose Input Output 4 I/0 4 75 48 48 43
GPIO5 General-Purpose Input Output 5 I/O 5 89 61 61 55
GPIO6 General-Purpose Input Output 6 I/O 6 97 64 64 1
GPIO7 General-Purpose Input Output 7 I/0 7 84 57 57 52
GPIO8 General-Purpose Input Output 8 I/0 8 74 47 47 42
GPIO9 General-Purpose Input Output 9 I/0 9 90 62 62 56
GPIO10 General-Purpose Input Output 10 I/0 10 93 63 63
GPIOM General-Purpose Input Output 11 I/0 11 52 31 31 28
GPIO12 General-Purpose Input Output 12 I/0 12 51 30 27
GPIO13 General-Purpose Input Output 13 I/O 13 50 29 26
GPIO14 General-Purpose Input Output 14 I/0 14 96
GPIO15 General-Purpose Input Output 15 I/0 15 95
GPIO16 General-Purpose Input Output 16 I/0 16 54 33 33 30
GPIO17 General-Purpose Input Output 17 I/0 17 55 34 34 31

General-Purpose Input Output 18. This pin and
its digital mux options can only be used when
GPIO18_X2 the system is clocked by INTOSC and X1 has I/0 18 68 41 41 38
an external pulldown resistor (recommended 1
kQ).
GP1020 General-Purpose Input Output 20 I/0 20
GPI1021 General-Purpose Input Output 21 I/O 21
General-Purpose Input Output 22. This pin is
configured for DC-DC mode by default. If the
i e A L I I B
Output 22 by disabling DC-DC and clearing
their bits in GPAAMSEL register.
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Table 6-3. Digital Signals (continued)

SIGNAL NAME DESCRIPTION TI;IF';JE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH
General-Purpose Input Output 23. This pin is
configured for DC-DC mode by default. If the
internal DC-DC regulator is not used, this can
be configured as General-Purpose Input
QuputZsby deabngCOCsSkaes | o | 23 | ;1 | s | s | a9
an internal capacitance of approximately 100
pF. TI Recommends using an alternate GPIO,
or using this pin only for applications which do
not require a fast switching response.
GP1024 General-Purpose Input Output 24 I/0 24 56 35 35 32
GPI025 General-Purpose Input Output 25 I/0 25 57
GP1026 General-Purpose Input Output 26 I/0 26 58
GPI1027 General-Purpose Input Output 27 I/O 27 59
GP1028 General-Purpose Input Output 28 I/O 28 1 2 2
GPI1029 General-Purpose Input Output 29 I/0 29 100 1 1
GPIO30 General-Purpose Input Output 30 I/O 30 98
GPIO31 General-Purpose Input Output 31 I/0 31 99
GPI032 General-Purpose Input Output 32 I/0 32 64 40 40 37
GPIO33 General-Purpose Input Output 33 I/0 33 53 32 32 29
GPI1034 General-Purpose Input Output 34 I/0 34 94
GPIO35 General-Purpose Input Output 35 I/0 35 63 39 39 36
GPIO37 General-Purpose Input Output 37 I/O 37 61 37 37 34
GPIO39 General-Purpose Input Output 39 I/0 39 91
GPI1040 General-Purpose Input Output 40 I/O 40 85
GPI1041 General-Purpose Input Output 41 I/0 41
GP1042 General-Purpose Input Output 42 I/0 42
GPI1043 General-Purpose Input Output 43 I/0 43
GP1044 General-Purpose Input Output 44 I/0 44
GPI1045 General-Purpose Input Output 45 I/0 45
GPI1046 General-Purpose Input Output 46 I/O 46
GPI1047 General-Purpose Input Output 47 I/0 47
GP1048 General-Purpose Input Output 48 I/0 48
GPI1049 General-Purpose Input Output 49 I/0 49
GPIO50 General-Purpose Input Output 50 I/0 50
GPIO51 General-Purpose Input Output 51 I/0 51
GPI1052 General-Purpose Input Output 52 I/0 52
GPIO53 General-Purpose Input Output 53 I/O 53
GPI054 General-Purpose Input Output 54 I/O 54
GPIO55 General-Purpose Input Output 55 I/0 55
GPIO56 General-Purpose Input Output 56 I/0 56 65
GPIO57 General-Purpose Input Output 57 I/0 57 66
GPIO58 General-Purpose Input Output 58 I/0 58 67
GPIO59 General-Purpose Input Output 59 I/0 59 92
1,18, | 53,59, | 32,37, | 32,37, | 29, 34,
I2CA_SCL I2C-A Open-Drain Bidirectional Clock I/OD | 27,33, | 61,68, | 41,47, | 41,47, | 38,42,
37,8 | 74,78 51 51 46
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Table 6-3. Digital Signals (continued)

PIN

SIGNAL NAME DESCRIPTION TYPE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH
0,10, | 58, 63,
12CA_SDA 12C-A Open-Drain Bidirectional Data I/OD | 26, 32, | 64,79, 39,40, 1 39,40, | 36, 37,
52,63 | 52,63 47
35 93
. 29, 33, | 100, 53,| 1, 32, 1,32, | 2,29,
LINA_RX LIN-A Receive 35 59 | 63,92 39 39 36
22,28 1, 61
. o ' - | 2,37, | 2,37, | 3,34,
LINA_TX LIN-A Transmit (0] 32,37, | 64,67, 40,56 | 40,56 | 37, 51
58 83
2,24, | 56,67,
OUTPUTXBAR1 Output X-BAR Output 1 (e} 34.58 | 77,94 35,50 | 35,50 | 32,45
25,3, | 57,61,
OUTPUTXBAR2 Output X-BAR Output 2 (e} 37.59 | 76,92 37,49 | 37,49 | 34,44
OUTPUTXBAR3 Output X-BAR Output 3 o |12 ]5%75 | 48,61 | 48,61 | 43,55
15, 27, | 53, 59,
OUTPUTXBAR4 Output X-BAR Output 4 (0] 33.6 | 95 97 32,64 | 32,64 1,29
OUTPUTXBARS Output X-BAR Output 5 (0] 28,7 1,84 2,57 2,57 3,52
OUTPUTXBARG6 Output X-BAR Output 6 O 29,9 |100,90| 1,62 1, 62 2,56
OUTPUTXBAR7 Output X-BAR Output 7 (o] 11:’336’ 52{)54’ 31,33 | 31,33 | 28,30
OUTPUTXBARS Output X-BAR Output 8 (o] 17,31 | 55,99 34 34 31
e . 13, 27, | 50, 59,
PMBUSA_ALERT PMBus-A Open-Drain Bidirectional Alert Signal | 1/0D 37 61 37 29,37 | 26,34
. 12,18, | 51, 58, 30, 39, | 27, 36,
PMBUSA_CTL PMBus-A Control Signal 26,35 | 63,68 39, 41 a1 38
15, 16, | 54, 56,
PMBUSA_SCL PMBus-A Open-Drain Bidirectional Clock I/OD 24,3, | 63,76, 33,35, 1 33,35, 1 30,32,
39,49 | 39,49 | 36,44
35 95
14,17, | 55, 57,
PMBUSA_SDA PMBus-A Open-Drain Bidirectional Data /0D 2,25, | 77,85, | 34,50 | 34,50 | 31,45
34,40 | 94,96
17,25, | 1,55, | 2,34, | 2,34, | 3,31,
SCIA_RX SCI-A Receive Data 28,3, | 57,63, | 39,49, | 39,49, | 36, 44,
35,9 | 76,90 62 62 56
16,2, [100,54,| 1,33, 1,33, | 2,30,
SCIA_TX SCI-A Transmit Data (e} 24,29, | 56,61, | 35,37, | 35,37, | 32, 34,
37,8 | 74,77 | 47,50 | 47,50 | 42,45
. 11,13, | 50, 52,
SCIB_RX SCI-B Receive Data 15,57 | 66, 95 31 29,31 | 26,28
10, 12, | 51, 65, 30. 41
. 14,18, | 68, 83, | 41, 56, "5 | 27, 38,
SCIB_TX SCI-B Transmit Data O 2240, | 85 90, | 62,63 566:?2, 5156
56,9 | 93,96
SD1_C1 SDFM-1 Channel 1 Clock Input | 17,25 | 55,57 34 34 31
SD1_C2 SDFM-1 Channel 2 Clock Input | 27 59
SD1_C3 SDFM-1 Channel 3 Clock Input | 295;’3‘ 10?3‘653, 1,32 1,32 2,29
SD1_C4 SDFM-1 Channel 4 Clock Input | 31,59 | 92,99
SD1_D1 SDFM-1 Channel 1 Data Input | 16,24 | 54,56 | 33,35 | 33,35 | 30,32
SD1_D2 SDFM-1 Channel 2 Data Input | 18,26 | 58,68 41 41 38
SD1_D3 SDFM-1 Channel 3 Data Input | 285632, 1’6654’ 2,40 2,40 3,37
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Table 6-3. Digital Signals (continued)

SIGNAL NAME DESCRIPTION TI;IF';JE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH
SD1_D4 SDFM-1 Channel 4 Data Input | 22é§0, 67é§3’ 56 56 51
18,3, | 65,68, | 41,49, | 41,49, | 38, 44,
SPIA_CLK SPI-A Clock I/0 56,9 | 76,90 62 62 56
SPIA_SIMO SPI-A Slave In, Master Out (SIMO) I/0 16,8 | 54,74 | 33,47 | 33,47 | 30,42
SPIA_SOMI SPI-A Slave Out, Master In (SOMI) I/0 10,17 | 55,93 | 34,63 | 34,63 31
SPIA_STE SPI-A Slave Transmit Enable (STE) I/0 115’75’ 52ég6’ 31,61 | 31,61 | 28,55
14,22, | 1,58,
SPIB_CLK SPI-B Clock o | 26, 28, | 64, 67, 2’5‘:30' 2'5‘(‘50’ 3'53;7'
32,58 | 83,96
24, 30, | 56, 65,
SPIB_SIMO SPI-B Slave In, Master Out (SIMO) I/O 56,7 | 84.98 35,57 | 35,57 | 32,52
25, 31, | 57, 66,
SPIB_SOMI SPI-B Slave Out, Master In (SOMI) I/0 57.6 | 97,99 64 64 1
15, 27, | 100, 53,
SPIB_STE SPI-B Slave Transmit Enable (STE) I/0 29,33, | 59,92, | 1,32 1,32 2,29
59 95
SYNCOUT External ePWM Synchronization Pulse (0] 6 97 64 64 1
JTAG Test Data Input (TDI) - TDI is the default
mux selection for the pin. The internal pullup is
disabled by default. The internal pullup should
DI be enabled or an external pullup added on the 35 63 39 39 36
board if this pin is used as JTAG TDI to avoid a
floating input.
JTAG Test Data Output (TDO) - TDO is the
default mux selection for the pin. The internal
pullup is disabled by default. The TDO function
will be in a tri-state condition when there is no
TDbo JTAG activity, leaving this pin floating; the o 37 61 37 37 34
internal pullup should be enabled or an
external pullup added on the board to avoid a
floating GPIO input.
Internal DC-DC regulator feedback signal. If
the internal DC-DC regulator is used, tie this
VFBSW pin to the node where L(VSW) connects to the . 22 83 56 56 51
VDD rail (as close as possible to the device).
VSW Switching output of the internal DC-DC } 23 81 54 54 49
regulator
X2 Crystal oscillator output I/O 18 68 41 41 38
External Clock Output. This pin outputs a
XCLKOUT divided-down version of a chosen clock signal O 16,18 | 54,68 | 33,41 | 33,41 | 30,38
from within the device.
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6.3.3 Power and Ground

Table 6-4. Power and Ground

SIGNAL NAME

DESCRIPTION

PIN
TYPE

GPIO

100 PZ

64 PMQ

64 PM

56 RSH

VDD

1.2-V Digital Logic Power Pins. Tl
recommends placing a decoupling capacitor
near each VDD pin with a minimum total
capacitance of approximately 20 yF. When not
using the internal voltage regulator, the exact
value of the decoupling capacitance should be
determined by your system voltage regulation
solution.

4, 46,
71, 87

27, 4,
44, 59

27, 4,
44, 59

24,41,
5,53

VDDA

3.3-V Analog Power Pins. Place a minimum
2.2-pF decoupling capacitor to VSSA on each
pin.

11, 34

22

22

20

VDDIO

3.3-V Digital I/0 Power Pins. Place a minimum
0.1-yF decoupling capacitor on each pin.

3,47,
70, 88

28, 43,
60

28, 43,
60

25, 40,
54

VDDIO_SW

3.3-V Supply pin for the internal DC-DC
regulator. If the internal DC-DC regulator is
used, a bulk input capacitance of 20-uF should
be placed on this pin. Always tie this pin to the
VDDIO pin. A ferrite bead may be used for
isolation if desired but VDDIO_SW and VDDIO
must be supplied from the same source.

80

53

53

48

VSS

Digital Ground

45, 5,
72, 86

26, 45,
5, 58

26, 45,
5, 58

PAD

VSSA

Analog Ground

12,33

21

21

19

VSS_SW

Internal DC-DC regulator ground. Always tie
this pin to the VSS pin.

82

55

55

50
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6.3.4 Test, JTAG, and Reset

Table 6-5. Test, JTAG, and Reset

SIGNAL NAME DESCRIPTION Tl;lgE GPIO | 100 PZ |64 PMQ| 64 PM | 56 RSH

Flash test pin 1. Reserved for Tl. Must be left

FLT1 unconnected.

IO 49 30

Flash test pin 2. Reserved for Tl. Must be left

FLT2
unconnected.

110 48 29

TCK JTAG test clock with internal pullup. | 60 36 36 33

JTAG test-mode select (TMS) with internal
pullup. This serial control input is clocked into
the TAP controller on the rising edge of TCK.
This device does not have a TRSTn pin. An
external pullup resistor (recommended 2.2 kQ)
on the TMS pin to VDDIO should be placed on
the board to keep JTAG in reset during normal
operation.

TMS 110 62 38 38 35

Internal voltage regulator enable with internal
pulldown. Tie directly to VSS (low) to enable
the internal VREG. Tie directly to VDDIO (high)
to use an external supply.

VREGENZ 73 46 46

Crystal oscillator input or single-ended clock
input. The device initialization software must
configure this pin before the crystal oscillator is
enabled. To use this oscillator, a quartz crystal
circuit must be connected to X1 and X2. This
X1 pin can also be used to feed a single-ended I/0 69 42 42 39
3.3-V level clock. GPIO19 is not supported.
Internally GPIO19 is connected to the X1
function, therefore the GP1019 should be kept
in Input Mode with the Pullup disabled to avoid
interference with the X1 clock function.

Device Reset (in) and Watchdog Reset (out).
During a power-on condition, this pin is driven
low by the device. An external circuit may also
drive this pin to assert a device reset. This pin
is also driven low by the MCU when a
watchdog reset occurs. During watchdog reset,
the XRSn pin is driven low for the watchdog
reset duration of 512 OSCCLK cycles. A
resistor with a value from 2.2 kQ to 10 kQ
should be placed between XRSn and VDDIO.
XRSn If a capacitor is placed between XRSn and I/OD 2 3 3 4
VSS for noise filtering, it should be 100 nF or
smaller. These values allow the watchdog to
properly drive the XRSn pin to VOL within 512
OSCCLK cycles when the watchdog reset is
asserted. The output buffer of this pin is an
open-drain with an internal pullup. If this pin is
driven by an external device, It should be done
using an open-drain device. If this pin is driven
by an external device, it should be done using
an open-drain device.
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6.4 Pin Multiplexing
6.4.1 GPIO Muxed Pins

Table 1-1 lists the GPIO muxed pins. The default mode for each GPIO pin is the GPIO function, except GPIO35
and GPI0O37, which default to TDI and TDO, respectively. Secondary functions can be selected by setting both
the GPyGMUXn.GPIOz and GPyMUXn.GPIOz register bits. The GPyGMUXn register should be configured

before the GPyMUXn to avoid transient pulses on GPIOs from alternate mux selections. Columns that are not
shown and blank cells are reserved GPIO Mux settings.

GP1020, GPI1021, and GPIO41 to GPIOS5 are not available on any packages. Boot ROM enables

Note

pullups on these pins. For more details, see Section 6.5.

Table 6-6. GPIO Muxed Pins
0,4,8,12 1 2 3 5 6 7 9 10 11 13 14 15
GPIO0 EPWM1_A 12CA_SDA
GPIO1 EPWM1_B 12CA_SCL
GPIO2 EPWM2_A OUTPUTXB | PMBUSA_S SCIA_TX FSIRXA_ D1
— AR1 DA - -
OUTPUTXB OUTPUTXB | PMBUSA_S
GPIO3 EPWM2_B AR2 AR2 cL SPIA_CLK SCIA_RX | FSIRXA_DO
GPI04 EPWM3_A OUTPUTXB CANA_TX FSIRXA_CL
- AR3 - K
GPIO5 EPWM3_B OU1/—_\PR%TXB CANA_RX | SPIA_STE | FSITXA_D1
GPIO6 EPWM4_A OUTAPRliTXB SYNCOUT EQEP1_A CANB_TX | SPIB_SOMI | FSITXA_DO
GPIO7 EPWM4_B OU;PR%TXB EQEP1_B CANB_RX | SPIB_SIMO FSITT(A—CL
GPIO8 EPWM5_A | CANB_TX ADCSOCA EQ'E(;;EST SCIA_TX | SPIA_SIMO | I2CA_SCL | FSITXA_D1
GPIO9 EPWM5_B SCIB_TX OULPR%TXB EQEE;(JND SCIA_RX SPIA_CLK FSITXA_DO
GPIO10 EPWM6_A | CANB_RX ADCgOCB EQEP1_A SCIB_TX | SPIA_SOMI | 12CA_SDA FSIT):(A*CL
GPIO11 EPWM6_B SCIB_RX OUTAPRU;XB EQEP1_B SCIB_RX SPIA_STE | FSIRXA_D1
GPIO12 EPWM7_A | CANB_TX EQEP1_ST SCIB_TX PMBUSA_C FSIRXA_DO
ROBE TL
EQEP1_IND PMBUSA_A | FSIRXA_CL
GPIO13 EPWM7_B | CANB_RX EX SCIB_RX LERT K
GPIO14 EPWM8_A SCIB_TX OUTPUTXB | PMBUSA_S SPIB_CLK EQEP2_A
- - AR3 DA - -
GPIO15 EPWMS8_B SCIB_RX OUTPUTXB | PMBUSA_S SPIB_STE EQEP2_B
AR4 CL
OUTPUTXB EQEP1_ST | PMBUSA_S
GPIO16 SPIA_SIMO | CANB_TX AR7 EPWM5_A SCIA_TX SD1_D1 ROBE cL XCLKOUT
GPIO17 SPIA_SOMI | CANB_RX OUTPUTXB EPWM5_B SCIA_RX SD1_C1 EQEP1_IND | PMBUSA_S
— - ARS8 - - - EX DA
PMBUSA C
GPIO18_X2 | SPIA_CLK SCIB_TX CANA_RX | EPWM6_A | 12CA_SCL SD1_D2 EQEP2_A ™ XCLKOUT
GPI020
GPI1021
GPIO22_VF | EQEP1_ST
BSW ROBE SCIB_TX SPIB_CLK | SD1_D4 LINA_TX
GPIO23_VS
W
GPI1024 OU-;F;%TXB EQEP2_A EPWMS8_A | SPIB_SIMO SD1_D1 PMB(L:JEA—S SCIA_TX | ERRORSTS
GPIO25 OUTA';UZTXB EQEP2_B SPIB_SOMI SD1_C1 FSITXA_D1 PMBSJASA—S SCIA_RX
OUTPUTXB | EQEP2_IND OUTPUTXB PMBUSA_C
GPI026 AR3 EX AR3 SPIB_CLK SD1_D2 FSITXA_DO T 12CA_SDA
OUTPUTXB | EQEP2_ST OUTPUTXB FSITXA_CL | PMBUSA_A
GPIO27 ARA4 ROBE ARA4 SPIB_STE SD1_C2 K LERT 12CA_SCL

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: TMS320F280049 TMS320F280049C TMS320F280048 TMS320F280048C
TMS320F280045 TMS320F280041 TMS320F280041C TMS320F280040 TMS320F280040C

39


https://www.ti.com
https://www.ti.com/product/TMS320F280049
https://www.ti.com/product/TMS320F280049C
https://www.ti.com/product/TMS320F280048
https://www.ti.com/product/TMS320F280048C
https://www.ti.com/product/TMS320F280045
https://www.ti.com/product/TMS320F280041
https://www.ti.com/product/TMS320F280041C
https://www.ti.com/product/TMS320F280040
https://www.ti.com/product/TMS320F280040C
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS945F&partnum=TMS320F280049
https://www.ti.com/product/tms320f280049?qgpn=tms320f280049
https://www.ti.com/product/tms320f280049c?qgpn=tms320f280049c
https://www.ti.com/product/tms320f280048?qgpn=tms320f280048
https://www.ti.com/product/tms320f280048c?qgpn=tms320f280048c
https://www.ti.com/product/tms320f280045?qgpn=tms320f280045
https://www.ti.com/product/tms320f280041?qgpn=tms320f280041
https://www.ti.com/product/tms320f280041c?qgpn=tms320f280041c
https://www.ti.com/product/tms320f280040?qgpn=tms320f280040
https://www.ti.com/product/tms320f280040c?qgpn=tms320f280040c

TMS320F280049, TMS320F280049C, TMS320F280048, TMS320F280048C, TMS320F280045, I3 TEXAS

TMS320F280041, TMS320F280041C, TMS320F280040, TMS320F280040C INSTRUMENTS
SPRS945F — JANUARY 2017 — REVISED FEBRUARY 2021 www.ti.com
Table 6-6. GPIO Muxed Pins (continued)
0,4,8,12 1 2 3 5 6 7 9 10 1 13 14 15
GPIO28 SCIA_RX gpwm7 A | OUTPUTXB | eoepy o | sptps | EREPZST | | \na X | SPIB_CLK | ERRORSTS
AR5 ROBE
GPI029 SCIA_TX epwm7_8 | OUTPUTXB | eqepr B | sp1_cs |FOFEZMNP| s Rx | sPiB_STE |ERRORSTS
OUTPUTXE | EQEP1_ST
GPIO30 CANA_RX spig_sivo | VTPV RIS | sp1_pa
GPIO31 CANA_TX spiB_somi | OUTPUTXB | EQEPT_IND| - gy o4 | FgiRXA D1
- = AR8 EX - -
GPIO32 12CA_SDA SPIB_CLK | EPWM8 B | LINA TX | SD1.D3 |FSIRXA DO| CANA TX
GPIO33 12CA_SCL spig_se |OUTPUTXE | | rx | sp1_ca | FSIRXACL] cana rx
OUTPUTXB PMBUSA_S
GPIO34 o oS
GPIO35 SCIA_RX 12cA_SDA | CANA_Rx | PMBUSAS | ina Rx | EQEP1_A | PMBUSAC oI
OUTPUTXB PMBUSA_A
GPIO37 o 12CA_SCL | SCIATX | CANATX | LINATX | EQept_s |PMBUSA DO
GPIO39 CANB_RX FS'R);A—C'-
GPIO40 PMBUSAS | FsiRxa_DO | SCIB_TX | EQEP1_A
GPIOA41
GPIO42
GPIO43
GPIO44
GPIO45
GPIO46
GPIO47
GPIO48
GPIO49
GPIO50
GPIO51
GPIO52
GPIOS3
GPIOS54
GPIO55
GPIOS6 SPIA_CLK EQEP2ST | sciB_tx | sp1D3 | sPiB_siMO EQEP1 A
GPIOS7 SPIA_STE EQEEi—'ND SCIB_RX | SD1.C3 |SPIB_SOMI EQEP1_B
OUTPUTXB EQEP1_ST
GPIOS8 o SPIB_CLK | SD1_D4 | LINATX | cang_Tx | F9EP1
GPIO59 OUTPUTXB | spis_sTe | spica | LNARX | cang_rx |FQEFI-IND

Table 1-1 lists all muxed signals available and the respective GPIO within each package.
Table 6-7. Digital Signals by GPIO

SIGNAL NAME PIN TYPE DESCRIPTION 100 PZ 64 PMQ 64 PM 56 RSH
ADC Start of Conversion A Output for External
ADCSOCAO 0o ADC (from ePWM modules) GPIO8 GPIO8 GPIO8 GPIO8
ADC Start of Conversion B Output for External
ADCSOCBO e} ADC (from ePWM modules) GPIO10 | GPIO10 | GPIO10
GSEI%S X GPIO5 GPIO5 GPIO5
5 GPIO18_X|GPIO18_X|GPIO18_X
. 2 2 2
CANA_RX CAN-A Receive gi:ggg GPIO33 | GPIO33 | GPIO33
GPIO35/T | GPIO35/T | GPIO35/T
GPIO35/T
DI DI DI
DI
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Table 6-7. Digital Signals by GPIO (continued)

SIGNAL NAME PIN TYPE DESCRIPTION 100PZ | 64PMQ | 64PM | 56 RSH
SHO% | GPio4 | GPIO4 | GPIO4
. GPIO32 | GPIO32 | GPIO32
CANA_TX (0] CAN-A Transmit GPI032 GPIO37/T | GPIO37/T | GPIO37/T
GPIO37/T
DO DO DO
DO
GPIO7
CANB_RX CAN-B Receive GPIO10 GPIO13
GPIOIT | Gpiog7 | CPIO1S | Gpioy7
GPIO39 GPIO17
GPIO59
GPIO6
5 | cron | 200 | o
CANB_TX O |CAN-B Transmit GPIO12 | GPIO8
GPIO12 | GPIO12
GPIO16 | GPIOT6 | 5pin16 | GPIOT6
GPIO58
EPWM1_A O |ePWM-1Output A GPIOO | GPIOO | GPIOO | GPIOO
EPWM1_B O  |ePWM-1Output B GPIOT | GPIOT | GPIOT1 | GPIO1
EPWM2_A O  |ePWM-2 Output A GPIO2 | GPIO2 | GPIO2 | GPIO2
EPWM2_B O  |ePWM-2 Output B GPIO3 | GPIO3 | GPIO3 | GPIO3
EPWM3_A O  |ePWM-3 Output A GPIO4 | GPIO4 | GPIO4 | GPIO4
EPWM3_B O  |ePWM-3OutputB GPIO5 | GPIO5 | GPIO5 | GPIO5
EPWM4_A O |ePWM-4 Output A GPIO6 | GPIO6 | GPIO6 | GPIO6
EPWM4_B O |ePWM-4 Output B GPIO7 | GPIO7 | GPIO7 | GPIO7
GPIO8 | GPIO8 | GPIO8 | GPIOS
EPWMS_A O |ePWM-5Output A GPIO16 | GPIO16 | GPIO16 | GPIO16
GPIO9 | GPIO9 | GPIO9 | GPIO9
EPWMS_B O |ePWM-5Output B GPIO17 | GPIO17 | GPIO17 | GPIO17
GPIO10 | GPIO10 | GPIOT0 | 0inss x
EPWM6_A O  |ePWM-6 Output A GPIO18_X | GPIO18_X | GPIO18_x | °7 18-
2 2 2
EPWM6_B O  |ePWM-6 Output B GPIO11 | GPIOT | GPIO11 | GPIO1
GPIO12 GPIO12 | GPIO12
EPWM7_A O  |ePWM-7 Output A Coioas | GPI028 | SDT2 | BEO1
GPIO13 GPIO13 | GPIO13
EPWM7_B O  |ePWM-7 Output B Crioay | GPI029 | SDIDT8 | BP0
GPIOT14
EPWMS_A O  |ePWM-8 Output A GPIO24 | GPIO24 | GPIO24
GPI024
EPWM8_B O  |ePWM-8 Output B GPIOS | 5pio32 | GPIO32 | GPIO32
— P GPI032
GPIO6
GPIO10 | GPIOS | GPIO6
GPIO28 | GPIO10 | GPIO10 | STIO0
EQEP1_A eQEP-1 Input A GPIO35/T| GPIO28 | GPIO28 | SFIO28
DI | GPI035IT | GPIoas/T | °F1O!
GPI040 DI DI
GPIOS56
SHOT | GPIO7 | GPIOT | GPIOT
SN | GPIOT1 | GPIOT1 | GPIOTY
EQEP1_B eQEP-1 Input B o929 | GPI029 | GPIO20 | GPIO29
OSTT | GPIO37IT | GPIO37/T | GPIOS7/T
Gpios7 | PO Do DO
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Table 6-7. Digital Signals by GPIO (continued)

SIGNAL NAME PIN TYPE DESCRIPTION 100PZ | 64PMQ | 64PM | 56 RSH
GPI09
GPIO13 | o oo GPIO9 GPI09
EQEP1_INDEX I/0  |eQEP-1 Index GPIO17 | o 547 | GPIO13 | GPIO13
GPIO31 GPIO17 | GPIO17
GPIO59
GPI0O8
GPIO12 GPIO8 GPI0O8
Griots | SO | Gpio12 | GPIO12
EQEP1_STROBE I/0  |eQEP-1 Strobe GPI022 V| 2 °,",| GPIO16 | GPIO16
FBSW FBsw | GP1022_V |GPIO22_ v
GPIO30 FBSW FBSW
GPIO58
GPIO14

GPIO18_X|GPIO18_X |GPIO18_X

EQEP2 A eQEP-2 Input A GP'C? 8.X 2 2 2

GPIop4 | GPIO24 | GPIO24 | GPIO24
GPIO15
EQEP2 B eQEP-2 Input B oPIO2S
GPI026

EQEP2_INDEX /O  |eQEP-2 Index GPIO29 | GPIO29 | GPIO29 | GPIO29
GPIO57
GPI027

EQEP2_STROBE /0 |eQEP-2 Strobe GPIO28 | GPIO28 | GPIO28 | GPIO28
GPIO56

Error Status Outout. This sianal requires an GPIO24 | GPIO24 | GPIO24 | GPIO24

ERRORSTS o) or status Lulput. This signal requires a GPIO28 | GPIO28 | GPIO28 | GPIO28

external pullup. GPI029 | GPIO29 | GPIO29 | GPIO29

55843 GPIO4 GPIO4 GPIO4
FSIRXA_CLK FSIRX-A Input Clock GPIO13 | GPIO13
GPIO33 | GPIO33 GPI033 | GPIO33
GPIO39
SO° | apios | GPIO3 | GPIO3
FSIRXA_DO FSIRX-A Primary Data Input GPIO12 GPIO12
GPIO32 | GPIO32 GPIO32 | GPIO32
GPI1040
GPIO2
. - GPI02 GPI02 GPIO2
FSIRXA_D1 FSIRX-A Optional Additional Data Input GPIOM GPIO11 GPIO11 GPIO11
GPIO31
GPIO7

GPIO7 GPIO7
FSITXA_CLK o} FSITX-A Output Clock GPIO10 GPI010 | GPIO10 GPIO7

GPIO27
GPIO6

. GPIOB | GPIO6 | GPIO6

FSITXA_DO O |FSITX-A Primary Data Output GPI09 | Zoide | amios | aplos
GPIO26
GPIO5

. N GPIO5 | GPIO5 | GPIO5

FSITXA_D1 O |FSITX-A Optional Additional Data Output GPIO8 | Zoids | amios | aplos
GPIO25

gg:g; GPIO1 | GPIO1 | GPIO1

GPloTs x| GPIOB | GPIOB | GPIOB

GPIO18_X|GPIO18_X|GPIO18_X

12CA_SCL 1/0D I12C-A Open-Drain Bidirectional Clock GPI2027 2 2 2
GPIO33 GPIO33 GPIO33 GPIO33
GPIO37/T GPIO37/T | GPIO37/T | GPIO37/T
DO DO DO
DO
42 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TMS320F280049 TMS320F280049C TMS320F280048 TMS320F280048C
TMS320F280045 TMS320F280041 TMS320F280041C TMS320F280040 TMS320F280040C


https://www.ti.com/product/TMS320F280049
https://www.ti.com/product/TMS320F280049C
https://www.ti.com/product/TMS320F280048
https://www.ti.com/product/TMS320F280048C
https://www.ti.com/product/TMS320F280045
https://www.ti.com/product/TMS320F280041
https://www.ti.com/product/TMS320F280041C
https://www.ti.com/product/TMS320F280040
https://www.ti.com/product/TMS320F280040C
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS945F&partnum=TMS320F280049
https://www.ti.com/product/tms320f280049?qgpn=tms320f280049
https://www.ti.com/product/tms320f280049c?qgpn=tms320f280049c
https://www.ti.com/product/tms320f280048?qgpn=tms320f280048
https://www.ti.com/product/tms320f280048c?qgpn=tms320f280048c
https://www.ti.com/product/tms320f280045?qgpn=tms320f280045
https://www.ti.com/product/tms320f280041?qgpn=tms320f280041
https://www.ti.com/product/tms320f280041c?qgpn=tms320f280041c
https://www.ti.com/product/tms320f280040?qgpn=tms320f280040
https://www.ti.com/product/tms320f280040c?qgpn=tms320f280040c

I3 TEXAS TMS320F280049, TMS320F280049C, TMS320F280048, TMS320F280048C, TMS320F280045,

INSTRUMENTS TMS320F280041, TMS320F280041C, TMS320F280040, TMS320F280040C
www.ti.com SPRS945F — JANUARY 2017 — REVISED FEBRUARY 2021
Table 6-7. Digital Signals by GPIO (continued)
SIGNAL NAME PIN TYPE DESCRIPTION 100PZ | 64PMQ | 64PM 56 RSH
GPIOO
Gpioto | CSPIO0 | GPIOO | o510
o Gpioz2e | GPIO10 | GPIOI0 | op 50
12CA_SDA /0D I12C-A Open-Drain Bidirectional Data GPIO32 GPIO32 GPI1032 GPIO35/T
GPIO35/T | GPIO35/T
GPIO35/T DI
DI DI
DI
GPI029
Gplo33 | GPIO29 | GPIO29 | GPIO29

GPIO33 | GPIO33 | GPIO33

LINA_RX LIN-A Receive GP'SI%/T GPIO35/T | GPIO35/T | GPIO35/T
s DI DI DI
G';'é’sz\fv—v GPI022_V|GPI022 v |GPI022_V
SO, | FBSW | FBSW | FBSW
. GPIO28 | GPIO28 | GPIO28
LINA_TX O |LIN-A Transmit G%T(IJ%% GPIO32 | GPIO32 | GPIO32
OSTIT | GPIO3TIT | GPIO37/T | GPIOST/T
cpioss | DO Do Do
GPIO2

GP1024 GPI102 GPI102 GPI102

OUTPUTXBAR1 e} Output X-BAR Output 1 GPIO34 | GPIO24 | GPIO24 | GPIO24
GPIO58
GPIO3
GPI1025 GPIO3 GPIO3 GPIO3
OUTPUTXBAR2 ¢} Output X-BAR Output 2 GPIO37/T | GPIO37/T | GPIO37/T | GPIO37/T
DO DO DO DO
GPIO59
GPIO4
GPIO5 GPIO4 GPIO4 GPIO4
OUTPUTXBAR3 (0] Output X-BAR Output 3 GPIO14 GPIO5 GPIO5 GPIO5
GPIO26
GPIO6
GPIO15 GPIO6 GPIO6 GPIO6
OUTPUTXBAR4 (0] Output X-BAR Output 4 GPIO27 GPIO33 GPIO33 GPIO33
GPIO33
GPIO7 GPIO7 GPIO7 GPIO7
OUTPUTXBARS5 (0] Output X-BAR Output 5 GPIO28 GPIO28 GPIO28 GPIO28
GPIO9 GPIO9 GPIO9 GPIO9
OUTPUTXBAR®6 0} Output X-BAR Output 6 GPIO29 | GPIO29 | GPIO29 | GPIO29
GPIO11
GPIO11 GPIO11 GPIO11
OUTPUTXBAR7 e} Output X-BAR Output 7 GPIO16 GPIO16 | GPIO16 | GPIO16
GPIO30
GPIO17
OUTPUTXBARS o Output X-BAR Output 8 GPIO31 GPIO17 | GPIO17 | GPIO17
gi:g;; GPIO37/T GPIOT3 | GPIOTS
PMBUSA_ALERT I/OD PMBus-A Open-Drain Bidirectional Alert Signal GPIO37/T | GPIO37/T
GPIO37/T DO
DO DO
DO
GPIO12
GPIO12 | GPIO12
GPIO; 8.X GP|021 8_X GPIO18_X|GPIO18_X

PMBUSA_CTL PMBus-A Control Signal 2 2

GP1026 | GPIO35/T
GPIO35/T DI GPIO35/T | GPIO35/T

DI DI DI
orO% | GPI03 | GPIO3 | GPIO3
GPIO16 GPIO16 | GPIO16 | GPIO16
PMBUSA_SCL 1/0D PMBus-A Open-Drain Bidirectional Clock GPI024 GPIO24 | GPIO24 GPI024

GPIO35/T | GPIO35/T | GPIO35/T
GPIO35/T
DI DI DI
DI
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Table 6-7. Digital Signals by GPIO (continued)

SIGNAL NAME PIN TYPE DESCRIPTION 100 PZ 64 PMQ 64 PM 56 RSH
GPIO2
GPIO14
e GPIO17 GPIO2 GPIO2 GPIO2
PMBUSA_SDA /0D PMBus-A Open-Drain Bidirectional Data GPIO25 GPIO17 GPIO17 GPIO17
GPIO34
GPI0O40
SRl | GPI03 | GPIO3 | GPIO3
GPIO17 GPIO9 GPIO9 GPIO9
. GPIO17 | GPIO17 | GPIO17
SCIA_RX SCI-A Receive Data gg:ggg GPIO28 GPIO28 GPIO28
GPIO35/T | GPIO35/T | GPIO35/T
GPIO35/T
DI DI DI
DI
GPIO2 GPIO2 GPIO2 GPIO2
GPIO8 GPIO8 GPIO8 GPIO8
GPIO16 | GPIO16 | GPIO16 | GPIO16
SCIA_TX (0] SCI-A Transmit Data GPIO24 | GPIO24 | GPIO24 | GPlO24
GPIO29 | GPIO29 | GPIO29 | GPIO29
GPIO37/T | GRPIO37/T | GPIO37/T | GPIO37/T
DO DO DO DO
GPIO11
. GPIO13 GPIO11 GPIO11
SCIB_RX SCI-B Receive Data GPIO15 GPIOM GPIO13 | GPIO13
GPIO57
GPIO9
GPIO10
GPIO12 GPIO9 GGF|,DIIOO190 GPIO9
GPIO14 | GPIO10 GPIO12 GPIO12
SCIB_TX (0] SCI-B Transmit Data GP|0218—X GP|021 8.X GPIO18_X GP|0218—X
2
GP1022_V|GPI022_V GP1022_V
FBSW FBSW GT:IBOSZ\fv—V FBSW
GPI040
GPIO56
GPIO17
SD1_C1 | SDFM-1 Channel 1 Clock Input GPIO17 | GPIO17 | GPIO17
GPIO25
SD1_C2 | SDFM-1 Channel 2 Clock Input GPIO27
GPI029
GPIO29 | GPIO29 | GPIO29
SD1_C3 SDFM-1 Channel 3 Clock Input GPIO33 GPIO33 GPIO33 GPIO33
GPIO57
GPIO31
SD1_C4 SDFM-1 Channel 4 Clock Input GPIO59
GPIO16 | GPIO16 | GPIO16 | GPIO16
SD1_D1 SDFM-1 Channel 1 Data Input GPIO24 GPIO24 GPIO24 GPIO24
GPIO18_X
SD1_D2 SDFM-1 Channel 2 Data Input 2 GP|0218—X GP|0218—X GPIO218—X
GPI026
GPI1028
GPIO28 | GPIO28 | GPIO28
SD1_D3 SDFM-1 Channel 3 Data Input GPIO32 GPIO32 | GPIO32 | GPIO32
GPIO56
GP1022_V
FBSW |GPIO22_V|GPIO22_V|GPIO22_V
SD1_D4 SDFM-1 Channel 4 Data Input GPI030 FBSW FBSW FBSW
GPIO58
Shios | GPIO3 | GPIO3 | GPIO3
GPIO9 GPIO9 GPIO9
SPIA_CLK 1/10 SPI-A Clock GPI0218_X GPIO18_X|GPIO18 X|GPIO18_X
GPIO56 2 2 2
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Table 6-7. Digital Signals by GPIO (continued)

SIGNAL NAME PIN TYPE DESCRIPTION 100 PZ 64 PMQ 64 PM 56 RSH
GPIO8 GPIO8 GPIO8 GPIO8
SPIA_SIMO /0 SPI-A Slave In, Master Out (SIMO) GPIO16 | GPIO16 | GPIO16 | GPIO16
GPIO10 | GPIO10 | GPIO10
SPIA_SOMI /0 SPI-A Slave Out, Master In (SOMI) GPIO17 | GPIO17 | GPIO17 GPIO17
GPIO5
. GPIO5 GPIO5 GPIO5
SPIA_STE /0 SPI-A Slave Transmit Enable (STE) GPIOM GPIO1 GPIO11 GPIO11
GPIO57
GPIO14
GIT:Ié)SZ\?V_V GPIO22_V |GPIO22_V |GPI022_V
FBSW FBSW FBSW
SPIB_CLK /0 SPI-B Clock gg:ggg GPIO28 | GPIO28 | GPIO28
GPIO32 GPIO32 | GPIO32 | GPIO32
GPIO58
GPIO7
GPI1024 GPIO7 GPIO7 GPIO7
SPIB_SIMO /0 SPI-B Slave In, Master Out (SIMO) GPIO30 | GPIO24 | GPIO24 | GPIO24
GPIO56
GPIO6
GPI1025
SPIB_SOMI 110 SPI-B Slave Out, Master In (SOMI) GPIO31 GPIO6 GPIO6 GPIO6
GPIO57
GPIO15
GPIO27
. GPIO29 | GPIO29 | GPIO29
SPIB_STE 1/0 SPI-B Slave Transmit Enable (STE) GPI1029 GPIO33 GPIO33 GPIO33
GPIO33
GPIO59
SYNCOUT (0] External ePWM Synchronization Pulse GPIO6 GPIO6 GPIO6 GPIO6
JTAG Test Data Input (TDI) - TDI is the default
mux selection for the pin. The internal pullup is
DI disabled by default. The internal pullup should | GPIO35/T | GPIO35/T | GPIO35/T | GPIO35/T
be enabled or an external pullup added on the DI DI DI DI
board if this pin is used as JTAG TDI to avoid a
floating input.
JTAG Test Data Output (TDO) - TDO is the
default mux selection for the pin. The internal
pullup is disabled by default. The TDO function
DO o will be in a tri-state condition when there is no | GPIO37/T | GPIO37/T | GPIO37/T | GPIO37/T
JTAG activity, leaving this pin floating; the DO DO DO DO
internal pullup should be enabled or an external
pullup added on the board to avoid a floating
GPIO input.
Internal DC-DC regulator feedback signal. If the
VEBSW ) internal DC-DC regulator is used, tie this pin to |GPI022_V|GPIO22_V|GPI022_V |GPI022_V
the node where L(VSW) connects to the VDD FBSW FBSW FBSW FBSW
rail (as close as possible to the device).
VSW ) Switching output of the internal DC-DC GPIO23_V|GPIO23_V|GPIO23_V |GPIO23_V
regulator SW SW SW SW
X2 /o Crystal oscillator output GPIO18_X|GPIO18_X|GPIO18_X|GPIO18_X
2 2 2 2
External Clock Output. This pin outputs a GPIO16 | GPIO16 | GPIO16 | GPIO16
XCLKOUT (0] divided-down version of a chosen clock signal |GPIO18_X|GPIO18_X|GPIO18_X|GPIO18_X
from within the device. 2 2 2 2
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6.4.2 Digital Inputs on ADC Pins (AlOs)

GPIOs on port H (GP10224-GP10255) are multiplexed with analog pins. These are also referred to as AlOs.
These pins can only function in input mode. By default, these pins will function as analog pins and the GPIOs
are in a high-Z state. The GPHAMSEL register is used to configure these pins for digital or analog operation.

Note

If digital signals with sharp edges (high dv/dt) are connected to the AlOs, cross-talk can occur with
adjacent analog signals. The user should therefore limit the edge rate of signals connected to AlOs if
adjacent channels are being used for analog functions.

6.4.3 GPIO Input X-BAR

The Input X-BAR is used to route signals from a GPIO to many different IP blocks such as the ADCs, eCAPs,
ePWMs, and external interrupts (see Figure 6-5). Table 6-8 lists the input X-BAR destinations. For details on
configuring the Input X-BAR, see the Crossbar (X-BAR) chapter of the TMS320F28004x Microcontrollers
Technical Reference Manual.

GP[OO ~| Asynchronous : eCAP1
1 Synchronous : Input X-BAR eCAP2
GPIOx — Sync. + Qual. » eCAP3
eCAP4
eCAP5
T T T T 1T | | | | | | | | | —Other Sources—|127:16 r =CAP6
CCLCLECPRERREEPE eCAEL
DDODDDDDDDDDDD DD D —INPUT[16:1]-150
fioooooooaaooocooa
ZzZzzzzzzzzzzzzzzZ zZ
* * TZ1, TRIP1—P
TZ2, TRIP2—Pp|
TZ3, TRIP3—Pp|
TRIP6—P
<4—__ XINT1 TRIP4 ——p
CPU PIE ¢ XINT2 ———TRIP5 ——p ePWM
<«— XINT3 Modules
CLA <—| XINT4 $§:gg —>
<4— XINT5S ;pg/)/_\r\é TRIPO ’
. TRIP10 —»
TRIP11 —
TRIP12 —»
Other
Sources
ADC ["¢——ADCEXTSOC
EXTSYNCIN1 —————P| ePWM and eCAP
EXTSYNCIN2 ——{  Sync Chain
Other Sources
VVVVYVYVY
Output X-BAR
Figure 6-5. Input X-BAR
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Table 6-8. Input X-BAR Destinations
INPUT DESTINATIONS

INPUT1 eCAPx, ePWM X-BAR, ePWM[TZ1,TRIP1], Output X-BAR
INPUT2 eCAPx, ePWM X-BAR, ePWM[TZ2,TRIP2], Output X-BAR
INPUT3 eCAPx, ePWM X-BAR, ePWM[TZ3,TRIP3], Output X-BAR
INPUT4 eCAPx, ePWM X-BAR, XINT1, Output X-BAR
INPUT5 eCAPx, ePWM X-BAR, XINT2, ADCEXTSOC, EXTSYNCIN1, Output

X-BAR
INPUT6 eCAPx, ePWM X-BAR, XINT3, ePWM[TRIP6], EXTSYNCINZ2,

Output X-BAR
INPUT7 eCAPx, ePWM X-BAR
INPUT8 eCAPx, ePWM X-BAR
INPUT9 eCAPx, ePWM X-BAR
INPUT10 eCAPx, ePWM X-BAR
INPUT11 eCAPx, ePWM X-BAR
INPUT12 eCAPx, ePWM X-BAR
INPUT13 eCAPx, ePWM X-BAR, XINT4
INPUT14 eCAPx, ePWM X-BAR, XINT5
INPUT15 eCAPXx
INPUT16 eCAPXx
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6.4.4 GPIO Output X-BAR and ePWM X-BAR

The Output X-BAR has eight outputs which are routed to the GPIO module. The ePWM X-BAR has eight outputs
which are routed to each ePWM module. Figure 6-6 shows the sources for both the Output X-BAR and ePWM
X-BAR. For details on the Output X-BAR and ePWM X-BAR, see the Crossbar (X-BAR) chapter of the
TMS320F28004x Microcontrollers Technical Reference Manual.

A4

L CTRIPOUTH
- CTRIPOUTL
CMPSSx B
L CTRIPH
L CTRIPL
ePWMand eCAP | oy rqyncouT—
Sync Chain
ADCSOCAO
- 4’
Select Ckt ADCSOCAC
ADCSOCBO
- 4’
Select Ckt ADCSOCBO
eCAPx L ECAPXOUT————————— P
L EvTi——————————————»
L EvTo—————————————
ADCx L EVT3————————————
L EVT4—————————
| —
Input X-BAR INPUT1-6
- INPUT7-14———————————— ]
(ePWM X-BAR only)
CLAHALT —CLAHALT————————— P
LFLT1.COMPH
FLT1.COMPL
[}
L)
SDFMx [
L FLT4.COMPH
L FLT4.COMPL

A4

OUTPUT1
OUTPUT2
OUTPUT3
Output OUTPUT4 GMPIO
X-BAR OUTPUT5 ux
OUTPUT6
OUTPUTY
OUTPUTS
TRIP4
TRIP5
TRIP7 All
ePWM TRIP8 ePWM
X-BAR TRIP9 Modules
TRIP10
TRIP11
TRIP12
X-BAR Flags
(shared)

Figure 6-6. Output X-BAR and ePWM X-BAR Sources
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6.5 Pins With Internal Pullup and Pulldown

Some pins on the device have internal pullups or pulldowns. Table 6-9 lists the pull direction and when it is
active. The pullups on GPIO pins are disabled by default and can be enabled through software. To avoid any
floating unbonded inputs, the Boot ROM will enable internal pullups on GPIO pins that are not bonded out in a
particular package. Other pins noted in Table 6-9 with pullups and pulldowns are always on and cannot be

disabled.

Table 6-9. Pins With Internal Pullup and Pulldown

PIN

RESET
(XRSn = 0)

DEVICE BOOT

APPLICATION

GPIOXx (including AlOs)

Pullup disabled

Pullup disabled(")

Application defined

GPIO35/TDI

Pullup disabled

Application defined

GPIO37/TDO Pullup disabled Application defined
TCK Pullup active

TMS Pullup active

VREGENZ Pulldown active

XRSn Pullup active

Other pins No pullup or pulldown present

(1) Pins not bonded out in a given package will have the internal pullups enabled by the Boot ROM.
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6.6 Connections for Unused Pins

For applications that do not need to use all functions of the device, Table 6-10 lists acceptable conditioning for
any unused pins. When multiple options are listed in Table 6-10, any option is acceptable. Pins not listed in Table

6-10 must be connected according to Section 6.

Table 6-10. Connections for Unused Pins

SIGNAL NAME

ACCEPTABLE PRACTICE

ANALOG

Analog input pins with
DACx_OUT

*  No Connect
* Tie to VSSA through 4.7-kQ or larger resistor

Analog input pins with
PGAx_OUTF

» No Connect
* Tie to VSSA through 4.7-kQ or larger resistor

Analog input pins (except for
DACx_OUT and PGAx_OUTF)

*  No Connect
» Tie to VSSA
» Tie to VSSA through resistor

PGAx_GND Tie to VSSA
VREFHIx Tie to VDDA (applies only if ADC or DAC are not used in the application)
VREFLOx Tie to VSSA

DIGITAL

FLT1 (Flash Test pin 1)

*  No Connect
« Tie to VSS through 4.7-kQ or larger resistor

FLT2 (Flash Test pin 2)

*  No Connect
« Tie to VSS through 4.7-kQ or larger resistor

* No connection (input mode with internal pullup enabled)

GPIOx *  No connection (output mode with internal pullup disabled)
*  Pullup or pulldown resistor (any value resistor, input mode, and with internal pullup disabled)
When TDI mux option is selected (default), the GPIO is in Input mode.
GPIO35/TDI * Internal pullup enabled
«  External pullup resistor
When TDO mux option is selected (default), the GPIO is in Output mode only during JTAG activity;
otherwise, it is in a tri-state condition. The pin must be biased to avoid extra current on the input buffer.
GPIO37/TDO « Internal pullup enabled
«  External pullup resistor
»  No Connect
TCK *  Pullup resistor
TMS Pullup resistor
VREGENZ Tie to VDDIO if internal regulator is not used
X1 Tie to VSS
X2 No Connect
POWER AND GROUND
VDD All VDD pins must be connected per Section 6.3.
VDDA If a dedicated analog supply is not used, tie to VDDIO.
VDDIO All VDDIO pins must be connected per Section 6.3.
VDDIO_SW Always tie to VDDIO.
VSS All VSS pins must be connected to board ground.
VSS_SWwW Always tie to VSS.
VSSA If an analog ground is not used, tie to VSS.
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7 Specifications
7.1 Absolute Maximum Ratings (1) (2

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

MIN MAX UNIT
VDDIO with respect to VSS -0.3 4.6
Supply voltage VDDA with respect to VSSA -0.3 4.6 \%
VDD with respect to VSS -0.3 1.5
Voltage differe_nce between VDDIO and +0.3 v
VDDIO_SW pins
Input voltage VN (8.3V) -0.3 4.6 \
Output voltage Vo -0.3 4.6 \
Digital/analog input (per pin), I (V\x < VSS or V)y > VDDIO) -20 20
Analog input (per pin), likanaLoc 20 20
Input clamp current(®) (Vin < VSSA or Vi\ > VDDA) mA
Total for all inputs, liktoTaL 20 20
(Vin < VSS/VSSA or V|y > VDDIO/VDDA)
Output current Digital output (per pin), loyt -20 20 mA
Free-Air temperature Ta —40 125 °C
Operating 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 Section 7.4 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) 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 the Semiconductor and IC Package Thermal Metrics Application Report.

(4) Continuous clamp current per pin is +2 mA. Do not operate in this condition continuously as Vpp,o/Vppa Vvoltage may internally rise and

impact other electrical specifications.

7.2 ESD Ratings — Commercial

\ VALUE \ UNIT

F28004x in 100-pin PZ package (S temperature range)

Human-body model (HBM), per ANSI/ESDA/JEDEC +2000
Electrostatic discharge Js-001)
V(esp) , — v
(ESD) Charged-device model (CDM), per JEDEC specification | +500
JESD22-C101 or ANSI/ESDA/JEDEC JS-002(2)
F28004x in 64-pin PM package (S temperature range)
Human-body model (HBM), per ANSI/ESDA/JEDEC +2000
Electrostatic discharge Js-001t
V(esp) , — \
(ESD) Charged-device model (CDM), per JEDEC specification | +500
JESD22-C101 or ANSI/ESDA/JEDEC JS-002(2)
F28004x in 56-pin RSH package (S temperature range)
Human-body model (HBM), per ANSI/ESDA/JEDEC +2000
Electrostatic discharge  |JS-001("
V(esp) , — \%
(ESD) Charged-device model (CDM), per JEDEC specification +500
JESD22-C101 or ANSI/ESDA/JEDEC JS-002(2)
(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.
7.3 ESD Ratings — Automotive
VALUE UNIT

F28004x in 100-pin PZ package (Q temperature range)

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: TMS320F280049 TMS320F280049C TMS320F280048 TMS320F280048C
TMS320F280045 TMS320F280041 TMS320F280041C TMS320F280040 TMS320F280040C

51


https://www.ti.com/lit/pdf/SPRA953
https://www.ti.com
https://www.ti.com/product/TMS320F280049
https://www.ti.com/product/TMS320F280049C
https://www.ti.com/product/TMS320F280048
https://www.ti.com/product/TMS320F280048C
https://www.ti.com/product/TMS320F280045
https://www.ti.com/product/TMS320F280041
https://www.ti.com/product/TMS320F280041C
https://www.ti.com/product/TMS320F280040
https://www.ti.com/product/TMS320F280040C
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS945F&partnum=TMS320F280049
https://www.ti.com/product/tms320f280049?qgpn=tms320f280049
https://www.ti.com/product/tms320f280049c?qgpn=tms320f280049c
https://www.ti.com/product/tms320f280048?qgpn=tms320f280048
https://www.ti.com/product/tms320f280048c?qgpn=tms320f280048c
https://www.ti.com/product/tms320f280045?qgpn=tms320f280045
https://www.ti.com/product/tms320f280041?qgpn=tms320f280041
https://www.ti.com/product/tms320f280041c?qgpn=tms320f280041c
https://www.ti.com/product/tms320f280040?qgpn=tms320f280040
https://www.ti.com/product/tms320f280040c?qgpn=tms320f280040c

TMS320F280049, TMS320F280049C, TMS320F280048, TMS320F280048C, TMS320F280045,

TMS320F280041, TMS320F280041C, TMS320F280040, TMS320F280040C
SPRS945F — JANUARY 2017 — REVISED FEBRUARY 2021

13 TEXAS

INSTRUMENTS

www.ti.com

VALUE UNIT
Human body model (HBM), per | All pins +2000
AEC Q100-002("
V(Esp) Electrostatic discharge Charged device model (CDM), All pins +500 \
per AEC Q100-011 Corner pins on 100-pin PZ: +750
1, 25, 26, 50, 51, 75, 76, 100
F28004x in 64-pin PM package (Q temperature range)
Human body model (HBM), per |All pins +2000
AEC Q100-002(")
V(Esp) Electrostatic discharge Charged device model (CDM), All pins +500 V
per AEC Q100-011 Corner pins on 64-pin PM: 1750
1,16, 17, 32, 33, 48, 49, 64
(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
7.4 Recommended Operating Conditions
MIN NOM MAX| UNIT
Internal BOR enabled(® Vaor-vooio(MAX) *+ Vaog, 33 363
Device supply voltage, VDDIO and VDDA GB \%
Internal BOR disabled 2.8 3.3 3.63
Device supply voltage, VDD 1.14 1.2 1.32 \
Device ground, VSS 0 \%
Analog ground, VSSA 0 \Y
Supply ramp rate of VDDIO, VDD, 5
SRsuppLy VDDA with respect to VSS.(4) 10 Vis
¢ VDDIO supply ramp time from 10 ms
VDDIO-RAMP 1V to Veor-vobio(MAX)
VBoRr-GB VDDIO BOR guard band(®) 0.1 Y
Junction temperature, T, S version(") —40 125 °C
. Q version(") o
Free-Air temperature, T (AEC Q100 qualification) —40 125 C

(1)  Operation above T, = 105°C for extended duration will reduce the lifetime of the device.
See CalculatingUsefulLifetimesofEmbeddedProcessors for more information.

(2) The VDDIO BOR voltage (Vgor-vppio[MAX]) in Electrical Characteristics determines the lower voltage bound for device operation. Tl
recommends that system designers budget an additional guard band (Vgor.gs) @s shown in Figure 7-1.

(3) Internal BOR is enabled by default.

(4) Supply ramp rate faster than this can trigger the on-chip ESD protection.

(5) Tl recommends Vgor.gp to avoid BOR resets due to normal supply noise or load-transient events on the 3.3-V VDDIO system

regulator. Good system regulator design and decoupling capacitance (following the system regulator specifications) are important to

prevent activation of the BOR during normal device operation. The value of Vgor.gp is a system-level design consideration; the voltage

listed here is typical for many applications.
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Figure 7-1. Supply Voltages
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7.5 Power Consumption Summary

Current values listed in this section are representative for the test conditions given and not the absolute
maximum possible. The actual device currents in an application will vary with application code and pin
configurations. Section 7.5.1 lists the system current consumption values for an external supply. Section 7.5.2
lists the system current consumption values for the internal VREG. Section 7.5.3 lists the system current
consumption values for the DCDC. See Section 7.5.4 for a detailed description of the test case run while
measuring the current consumption in operating mode.

7.5.1 System Current Consumption (External Supply)

over operating free-air temperature range (unless otherwise noted).
TYP : Vipom, 30°C

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
OPERATING MODE
oo VDD cyrrent consxr)nptlon during 61 20 mA
operational usage
looio VDDIQ current consumption during See Section 7.5.4. % 45 A
operational usage
oA VDDA.current consumption during 12 30 mA
operational usage
IDLE MODE
oo i\gl:i)r?lgluerr;r;tdc;(()%sumpnon while device 18 20 mA
¢ CPUis in IDLE mode
Iooio VDI'T)IO_Cl_Jrrent consumption while «  Flash is powered down 12 4 mA
device is in Idle mode «  XCLKOUT is turned off
VDDA current consumption while
Ippa device is in Idle mode 0.9 1.2 mA
HALT MODE
oo i\éti)I?;:ﬁremn;dc;T)sumptlon while device 0.9 20 mA
* CPUisin HALT mode
Iboio VDQIO.cgrrent consumption while - Flash is powered down 08 4 mA
device is in Halt mode «  XCLKOUT is turned off
VDDA current consumption while
ooa device is in Halt mode 0.2 0.5 mA
FLASH ERASE/PROGRAM
| VDD Current consumption during * CPU is running from Flash, 40 70 mA
bb Erase/Program cycle(!) (2) performing Erase and
- - Program on the unused
VDDIO Current consumption during
Iobio Erase/Program cycle(® sector. o 33 75 mA
* VREG is disabled.
lopa VDDA Current consumption during . SYSCLK is running at 100 0.1 2.5 mA
Erase/Program cycle MHz
* 1/Os are inputs with pullups
enabled.
« Peripheral clocks are turned
OFF.

(1) IDD MAX is reported with VDD at MAX Recommended Operating Conditions. For the Internal VREG and DCDC tables this VDD
supply will be at the regulated VDD TYP voltage. For this reason, current values reported in this External Supply Table will appear
elevated compared to the Internal VREG and DCDC tables.

(2) Brownout events during flash programming can corrupt flash data and permanently lock the device. Programming environments using
alternate power sources (such as a USB programmer) must be capable of supplying the rated current for the device and other system
components with sufficient margin to avoid supply brownout conditions.
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7.5.2 System Current Consumption (Internal VREG)

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

TYP : Viom, 30°C

PARAMETER

|

TEST CONDITIONS

MIN

TYP MAX UNIT

OPERATING MODE

Ipbio

VDDIO current consumption during

86 113 mA

device is in Halt mode

operational usage .
VDDA - - See Section 7.5.4.

looa .current consumption during 12 30 A
operational usage

IDLE MODE

Ioio VDl'__)IO_CL_Jrrent consumption while «  CPUis in IDLE mode 19.2 36 A
device is in Idle mode « Flash is powered down
VDDA current consumption while «  XCLKOUT is turned off

Ippa i 0.9 1.2 mA
device is in Idle mode

HALT MODE

lovio dovice isin Fltmode T |¢ GPUisin HALT mode 17 18 ma

* Flash is powered down
IooA VDDA current consumption while .«  XCLKOUT is turned off 0.2 05 A

FLASH ERASE/PROGRAM

Ipbio

VDDIO current consumption during
Erase/Program cycle(V)

Ippa

VDDA current consumption during
Erase/Program cycle

* CPU is running from Flash,
performing Erase and
Program on the unused
sector.

* Internal VREG is enabled.

* SYSCLK s running at 100
MHz.

* 1/Os are inputs with pullups
enabled.

* Peripheral clocks are turned
OFF.

72 106 mA

0.1 25 mA

(1)  Brownout events during flash programming can corrupt flash data and permanently lock the device. Programming environments using
alternate power sources (such as a USB programmer) must be capable of supplying the rated current for the device and other system

components with sufficient margin to avoid supply brownout conditions.

7.5.3 System Current Consumption (DCDC)

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

TYP : Viom, 30°C

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT

OPERATING MODE

Iooio VDDIQ current consumption during 52 70 mA
operational usage See Section 7.5.4.

oA VDDA.current consumption during 12 30 mA
operational usage

IDLE MODE

Iooio VDl'_.)IO_ct_Jrrent consumption while « CPUisin IDLE mode 9.2 28 mA
device is in Idle mode + Flash is powered down
VDDA current consumption while « XCLKOUT is turned off

Iopa S 0.9 15 mA
device is in Idle mode

HALT MODE

Iooio VD|.3|O.Cl:IITent consumption while «  CPUisin HALT mode 17 17 mA
device is in Halt mode + Flash is powered down
VDDA current consumption while «  XCLKOUT is turned off

Ippa i 0.2 15 mA
device is in Halt mode

Copyright © 2021 Texas Instruments Incorporated
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over operating free-air temperature range (unless otherwise noted).

TYP: Vopom 30°C

Erase/Program cycle

sector.

DCDC is enabled.
SYSCLK is running at 100
MHz.

1/Os are inputs with pullups
enabled.

Peripheral clocks are turned
OFF.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
FLASH ERASE/PROGRAM
Iooio VDDIO current consumption during CPU is _running from Flash, 60 85 mA
Erase/Program cycle(!) performing Erase and
Iopa VDDA current consumption during Program on the unused 0.25 2.5 mA

(1)  Brownout events during flash programming can corrupt flash data and permanently lock the device. Programming environments using
alternate power sources (such as a USB programmer) must be capable of supplying the rated current for the device and other system
components with sufficient margin to avoid supply brownout conditions.
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7.5.4 Operating Mode Test Description

Section 7.5.1, Section 7.5.2, and Section 7.5.3 list the current consumption values for the operational mode of

the device. The operational mode provides an estimation of what an application might encounter. The test case

run to achieve the values shown does the following in a loop. Peripherals that are not on the following list have

had their clocks disabled.

* Code is executing from RAM.

* FLASH is read and kept in active state.

* No external components are driven by 1/O pins.

» All of the communication peripherals are exercised: SPI-A to SPI-C; SCI-A to SCI-C; 12C-A; CAN-A to CAN-
C; LIN-A; PMBUS-A; and FSI-A.

« ePWM-1 to ePWM-3 generate a 5-MHz output on 6 pins.

« ePWM-4 to ePWM-7 are in HRPWM mode and generating 25 MHz on 6 pins.

* CPU timers are active.

* CPU does FIR16 calculations.

»  DMA does continuous 32-bit transfers.

* CLA-1is executing a 1024-point DFT in a background task.

* All ADCs perform continuous conversions.

» All DACs vary voltage at the loop frequency ~11 kHz.

* Al PGAs are enabled.

* All CMPSSs generate a square wave with a 100-kHz frequency.

» SDFM peripheral clock is enabled.

» eCAP-1 to eCAP-7 are in APWM mode, toggling at 250 kHz.

+ All eQEP watchdogs are enabled and counting.

» System watchdog is enabled and counting.
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7.5.5 Current Consumption Graphs

Figure 7-2, Figure 7-3, and Figure 7-4 show a typical representation of the relationship between frequency and
current consumption on the device. The operational test from Section 7.5.1 was run across frequency at Vyom
and room temperature. Actual results will vary based on the system implementation and conditions.

Leakage current on the VDD core supply will increase with operating temperature in an exponential manner as
seen in Figure 7-5. The current consumption in HALT mode is primarily leakage current as there is no active

switching if the internal oscillator has been powered down.

Figure 7-5 shows the typical leakage current across temperature. The device was placed into HALT mode under

nominal voltage conditions.

IDD
IDDIO
IDDA

Current (mA)

IS
S
T T T T T T T T TT

0 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Frequency (MHz)

Figure 7-2. Current Versus Frequency — External
Supply

IDDIO
IDDA

Current (mA)

0 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Frequency (MHz)

Figure 7-3. Current Versus Frequency — Internal
VREG
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Figure 7-4. Current Versus Frequency — DCDC
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Figure 7-5. Halt Current Versus Temperature (°C)
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7.5.6 Reducing Current Consumption

All C2000™ microcontrollers provide some methods to reduce the device current consumption:

» Either of the two low-power modes—IDLE and HALT—could be entered to reduce the current consumption
even further during idle periods in the application.

* The flash module may be powered down if the code is run from RAM.
+ Disable the pullups on pins that assume an output function.
» Each peripheral has an individual clock-enable bit (PCLKCRx). Reduced current consumption may be

achieved by turning off the clock to any peripheral that is not used in a given application. Section 7.5.6.1 lists

the typical current consumption value per peripheral at 100-MHz SYSCLK.
» To realize the lowest VDDA current consumption in an LPM, see the respective analog chapter of the

TMS320F28004x Microcontrollers Technical Reference Manual to ensure each module is powered down as

well.

7.5.6.1 Typical Ipp Current Reduction per Disabled Peripheral (at 100-MHz SYSCLK) (")

PERIPHERAL Ibp CURRE::;I"SEDUCTION
ADC®@) 08
CAN 1.1
CLA 04
CLB 1.1
CMPSS®@) 0.4
CPU TIMER 0.1
DAC® 0.2
DMA 05
eCAP1 to eCAP5 0.1
eCAP6 to eCAP7() 04
ePWM 07
eQEP 0.1
FSI 07
HRPWM 0.8
12C 03
LIN 04
PGA® 02
PMBUS 0.3
SCI 02
SDFM 0.9
SPI 02
DCC 0.1
PLL at 100 MHz 229

(1)  All peripherals are disabled upon reset. Use the PCLKCRx

register to individually enable peripherals. For peripherals with

multiple instances, the current quoted is for a single module.

(2) This current represents the current drawn by the digital portion

of the each module.

(3) eCAP6 and eCAP7 can also be configured as HRCAP.
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7.6 Electrical Characteristics

over recommended operating conditions (unless otherwise noted)

TEST
PARAMETER CONDITIONS MIN TYP MAX| UNIT
Digital and Analog IO
IOH = IOH MIN VDDIO * 0.8
VoH High-level output voltage \Y
loy =—100 pA VDDIO - 0.2
loL = loL MAX 0.4
VoL Low-level output voltage oL~ o V
loL =100 pA 0.2
lon High-level output source current for all output pins —4 mA
loL Low-level output sink current for all output pins 4| mA
Ron High-level output impedance for all output pins 70 Q
Rop Low-level output impedance for all output pins 70 Q
ViH High-level input voltage (3.3 V) 2.0 VDDIO +0.3| V
Vi Low-level input voltage (3.3 V) VSS -0.3 08| V
VHYSTERESIS Input hysteresis 150 mV
. VDDIO =3.3V
IpULLDOWN Input current Inputs with pulldown(!) Vi = VDDIO 100 pA
Digital inputs with pullup |VDDIO = 3.3 V 160
| out . enabled() Vin=0V A
nput curren
PuLLUP P Analog inputs with VDDA =33V 160 H
pullup enabled(") ViN=0V
All GPIOs except Pullups and outputs 2
GPI1023_VSW disabled
GPIO23_VSW 0V=sVy=VDDIO 45
. Analog pins (except
lLeax Pin leakage ADCINB3/VDAC and , 01| HA
PGAx OF Analog drivers
_OF) disabled
ADCINB3/VDAC 0V <V, <VDDA 2 11
PGAx_OF 0.25
All digital GPIOs except 2
GPIO23_VSW
C Input capacitance GPI023_VSW 100 pF
Analog pins(@
VREG, DC-DC, and BOR
VpPOR-VDDIO VDDIO power on reset voltage 2.3 \%
VBOR-VDDIO VDDIO brown out reset voltage 2.81 3.0/ V
VvREG Internal voltage regulator output Internal VREG On 1.2 \%
Vpc-oc Internal switching regulator output Internal DC-DC On 1.2 \%
Efficiency Power efficiency of internal DC-DC switching 80%
regulator

(1) See Table 6-9 for a list of pins with a pullup or pulldown.
(2) The analog pins are specified separately; see Table 7-15.

60 Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TMS320F280049 TMS320F280049C TMS320F280048 TMS320F280048C

TMS320F280045 TMS320F280041 TMS320F280041C TMS320F280040 TMS320F280040C


https://www.ti.com/product/TMS320F280049
https://www.ti.com/product/TMS320F280049C
https://www.ti.com/product/TMS320F280048
https://www.ti.com/product/TMS320F280048C
https://www.ti.com/product/TMS320F280045
https://www.ti.com/product/TMS320F280041
https://www.ti.com/product/TMS320F280041C
https://www.ti.com/product/TMS320F280040
https://www.ti.com/product/TMS320F280040C
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS945F&partnum=TMS320F280049
https://www.ti.com/product/tms320f280049?qgpn=tms320f280049
https://www.ti.com/product/tms320f280049c?qgpn=tms320f280049c
https://www.ti.com/product/tms320f280048?qgpn=tms320f280048
https://www.ti.com/product/tms320f280048c?qgpn=tms320f280048c
https://www.ti.com/product/tms320f280045?qgpn=tms320f280045
https://www.ti.com/product/tms320f280041?qgpn=tms320f280041
https://www.ti.com/product/tms320f280041c?qgpn=tms320f280041c
https://www.ti.com/product/tms320f280040?qgpn=tms320f280040
https://www.ti.com/product/tms320f280040c?qgpn=tms320f280040c

13 TEXAS
INSTRUMENTS

www.ti.com

TMS320F280049, TMS320F280049C, TMS320F280048, TMS320F280048C, TMS320F280045,

TMS320F280041, TMS320F280041C, TMS320F280040, TMS320F280040C
SPRS945F — JANUARY 2017 — REVISED FEBRUARY 2021

7.7 Thermal Resistance Characteristics

7.7.1 PZ Package

oc/w() AIR FLOW (Ifm)@
RO, Junction-to-case thermal resistance 7.6 N/A
RO 5 Junction-to-board thermal resistance 24.2 N/A
RO, (High k PCB) Junction-to-free air thermal resistance 46.1 0
373 150
RO mA Junction-to-moving air thermal resistance 34.8 250
32.6 500
0.2 0
] ) 0.4 150
Psiyr Junction-to-package top 04 250
0.6 500
23.8 0
Psijg Junction-to-board 228 150
22.4 250
21.9 500

(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

7.7.2 PM Package

°c/w AIR FLOW (Ifm)®
RO, Junction-to-case thermal resistance 124 N/A
RO, g Junction-to-board thermal resistance 25.6 N/A
RO, (High k PCB) Junction-to-free air thermal resistance 51.8 0
42.2 150
RO ma Junction-to-moving air thermal resistance 394 250
36.5 500
0.5 0
] ) 0.9 150
Psiyr Junction-to-package top 11 250
14 500
25.1 0
Psijg Junction-to-board 238 150
23.4 250
22.7 500

(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
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(2) Ifm = linear feet per minute
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7.7.3 RSH Package

°c/w( AIR FLOW (Ifm)(
RO,c Junction-to-case thermal resistance 11.9 N/A
RO 5 Junction-to-board thermal resistance 3.3 N/A
RO, (High k PCB) Junction-to-free air thermal resistance 25.8 0
17.4 150
RO mA Junction-to-moving air thermal resistance 15.1 250
13.4 500
0.2 0
Psiyr Junction-to-package top 03 150
0.4 250
0.4 500
3.3 0
Psijg Junction-to-board 32 150
3.2 250
3.2 500
RO,¢, bottom Junction-to-bottom case thermal resistance 0.7 0

(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 and Ipp;o currents could vary. Systems that
exceed the recommended maximum power dissipation in the end product may require additional thermal
enhancements. Ambient temperature (T,) 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.,se Should be measured to estimate the operating
junction temperature T,. T.,se iS Normally measured at the center of the package top-side surface. The thermal
application report Semiconductor and IC Package Thermal Metrics helps to understand the thermal metrics and

definitions.
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7.9 System

7.9.1 Power Management

TMS320F28004x MCUs can be configured to operate with one of three options to supply the required 1.2 V to
the core (VDD):

* An external supply (not available for 56-pin RSH package configurations)

* Internal 1.2-V LDO Voltage Regulator (VREG)

* Internal 1.2-V Switching Regulator (DC-DC)

The system requirements will dictate which supply option best suits the application.

Note
The same system voltage regulator must be used to drive both VDDIO and VDDIO_SW.

7.9.1.1 Internal 1.2-V LDO Voltage Regulator (VREG)

The internal VREG is supplied by VDDIO and generates the 1.2 V required to power the VDD pins. Enable this
functionality by pulling the VREGENZ pin low to VSS. The smaller pin-count packages may not include the
VREGENZ pin; therefore, the internal VREG is always enabled and, as such, is the required supply source for
the VDD pins. Review the description of VREGENZ in Table 6-5 to determine package configuration. Although
the internal VREG eliminates the need to use an external power supply for VDD, decoupling capacitors are
required on each VDD pin for VREG stability. There are two recommended capacitor configurations (described in
the list that follows) for the VDD rail when using the internal VREG. The signal description for VDD can be found
in Table 6-4.

» Configuration 1: Place a small decoupling capacitor to VSS on each pin as close to the device as possible. In
addition, a bulk capacitance must be placed on the VDD node to VSS (one 20-uF capacitor or two parallel
10-pF capacitors).

» Configuration 2: Distribute the total capacitance to VSS evenly across all VDD pins (total capacitance divided
by four VDD pins).

7.9.1.2 Internal 1.2-V Switching Regulator (DC-DC)

The internal DC-DC regulator offers increased efficiency over the LDO for converting 3.3 V to 1.2 V. The internal
DC-DC regulator is supplied by the VDDIO_SW pin and generates the 1.2 V required to power the VDD pins. To
use the internal switching regulator, the core domain must power up initially using the internal LDO VREG supply
(tie the VREGENZ pin low to VSS) and then transition to the DC-DC regulator through application software by
setting the DCDCEN bit in the DCDCCTL register. VREGENZ must still be kept low after transition since it
controls both the DC-DC and LDO. Tying VREGENZ high disables both the DC-DC and LDO. The DC-DC
regulator also requires external components (inductor, input capacitance, and output capacitance). The output of
internal DC-DC regulator is not internally fed to the VDD rail and requires an external connection. Figure 7-6
shows the schematic implementation.

F28004x Lvsw

VlNOf VDDIO_SW VSW M—Q VDD

VFBSW

CVDDIO_SW|
VSS_SW VDD

VSS_SW Cvop_pecap® CvbD
vss vss

Copyright © 2017, Texas Instruments Incorporated
A. One decoupling capacitor per each of the four VDD pins

Figure 7-6. DC-DC Circuit Schematic
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The VDDIO_SW supply pin (V,y) requires a 3.3-V level voltage. A total input capacitance (Cyppio sw) of 20 uF is
required on VDDIO_SW. Due to the capacitor specification requirements detailed in Table 7-2, two parallel 10-uF
capacitors in parallel is the recommended configuration. Decoupling capacitors of 100 nF should also be placed
on each VDD pin as close to the device as possible.

Table 7-1. DC-DC Inductor (Lysy) Specifications Requirements

VALUE AND VALUE AT SATURATION
VARIATION SATURATION DCR RATED CURRENT CURRENT TEMPERATURE
2.2 yH + 20% 1.54 pH + 20% 80 mQ + 25% >1000 mA >600 mA —40°C to 125°C
Table 7-2. DC-DC Capacitor (Cyppio sw and Cypp) Specifications Requirements
VALUE AND o
VARIATION AT 0 V VALUE AT 1.2V VALUE AT 125°C ESR RATED VOLTAGE TEMPERATURE
10 pF £ 20% 10 pF £ 20% 8 uF £ 20% <10 mQ 4Vor6.3V —40°C to 125°C
Table 7-3. DC-DC Circuit Component Values
COMPONENT MIN NOM MAX| UNIT NOTES
Inductor 1.76 2.2 2.64 uH 20% variance
Input capacitor 8 10 12 uF 20% varaince, two such capacitors in parallel
Output capacitor 8 10 12 uF 20% varaince, two such capacitors in parallel

7.9.1.2.1 PCB Layout and Component Guidelines

For optimal performance the application board layout and component selection is important. The list that follows

is a high-level guideline for laying out the DC-DC circuit.

* Tl recommends star-connecting VDDIO_SW and VDDIO to the same 3.3-V supply.

* All external components should be placed as close to the pins as possible.

+ The loop formed by the VDDIO_SW, input capacitor (Cyppio_sw), and VSS_SW must be as short as
possible.

» The feedback trace must be as short as possible and kept away from any noise source such as the switching
output (VSW).

* Itis necessary to have a separate island or surgical cut in the ground plane for the input cap (Cyppio_sw) and
VSS_SW.

* A VDD plane is recommended for connecting the VDD node to the Lysw-Cvpp point to minimize parasitic
resistance and inductance.

7.9.1.2.1.1 Recommended External Components

MIN TYP MAX UNIT
. Based on External Supply IC
Cvbopio Bulk capacitance on VDDIO Requirements(® 0.1 uF
Decoupling capacitor on each VDDIO
Cvbbio_DECAP pin piing cap 0.1 uF
Cvbpa Capacitor on VDDA pins 2.2 uF
c c " VDDIO SW b For DC-DC operation(?) 20 .
apacitor on in
VbDIO_SW P - P For LDO-only operation 0.1 "
) For DC-DC operation(?) 20
Cvbbp Bulk capacitance on VDD - uF
For LDO-only operation(®) 12 20 27
c 5 y " L VDD oi For DC-DC operation(@) 0.1 .
ecoupling capacitor on eac pin u
VDD_DECAP For LDO-only operation(®) 0.1 6.75
Inductor between VSW pin and VDD
Lvsw node for DC-DC 22 WH
RLVSW-DCR Allowed DCR for LVSW 80 mQ
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MIN TYP MAX UNIT

IsaT-LvswW Lysw saturation current 600 mA

(1)  Bulk capacitance on this supply should be based on supply IC requirements.
(2) See Section 7.9.1.2 for details.
(3) See Section 7.9.1.1 for details.

7.9.1.3 Deciding Between the LDO and the DC-DC

The DC-DC is significantly more efficient than the LDO. The DC-DC and LDO have typical efficiencies of 80%
and 30%, respectively. However, using the DC-DC comes with the trade-offs outlined below:

» Potential analog performance degradation: This is heavily board layout-dependent and mostly affects the
ADC. See Section 7.10.1.2.2for details.

* Increased component cost: The DC-DC requires an external inductor and capacitors to function.

* Loss of I/0Os: Using the DC-DC will make GPI0O22 and GPI023 unavailable for GPIO usage since their
functionality will change to VFBSW and VSW, respectively.

Note

An external DC-DC has the potential to be more efficient and less impactful in terms of noise since its
switching is external to the MCU but comes at the expense of much increased component cost.

7.9.1.4 Power Sequencing

Signal Pin Requirements: Before powering the device, no voltage larger than 0.3 V above VDDIO can be
applied to any digital pin, and no voltage larger than 0.3 V above VDDA can be applied to any analog pin
(including VREFHI).

VDDIO, VDDIO_SW, and VDDA Requirements: The 3.3-V supplies VDDIO, VDDIO_SW, and VDDA should be
powered up together and kept within 0.3 V of each other during functional operation.

VDD Requirements: When VREGENZ is tied to VSS, the VDD sequencing requirements are handled by the
device.

When using an external source for VDD (VREGENZ tied to VDDIO), VDDIO and VDD must be powered on and
off at the same time. VDDIO should not be powered on when VDD is off. During the ramp, VDD should be kept
no more than 0.3 V above VDDIO.

For applications not tying VREGENZ to VSS and not powering VDDIO and VDD at the same time, see the
"INTOSC: VDDIO Powered Without VDD Can Cause INTOSC Frequency Drift" advisory in the TMS320F28004x
MCUs Silicon Errata.

7.9.1.5 Power-On Reset (POR)

An internal power-on reset (POR) circuit holds the device in reset and keeps the 1/0s in a high-impedance state
during power up. The POR is in control and forces XRSn low internally until the voltage on VDDIO crosses the
POR threshold. When the voltage crosses the POR threshold, the internal brownout-reset (BOR) circuit takes
control and holds the device in reset until the voltage crosses the BOR threshold (for internal BOR details, see
Section 7.9.1.6).

7.9.1.6 Brownout Reset (BOR)

An internal BOR circuit monitors the VDDIO rail for dips in voltage which result in the supply voltage dropping out
of operational range. When the VDDIO voltage drops below the BOR threshold, the device is forced into reset,
and XRSn is pulled low. XRSn will remain in reset until the voltage returns to the operational range. The BOR is
enabled by default. To disable the BOR, set the BORLVMONDIS bit in the VMONCTL register. The internal BOR
circuit monitors only the VDDIO rail. See Section 7.6 for BOR characteristics. External supply voltage supervisor
(SVS) devices can be used to monitor the voltage on the 3.3-V and 1.2-V rails and to drive XRSn low if supplies
fall outside operational specifications.
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7.9.2 Reset Timing

XRSn is the device reset pin. It functions as an input and open-drain output. The device has a built-in power-on
reset (POR). During power up, the POR circuit drives the XRSn pin low. A watchdog or NMI watchdog reset will
also drive the pin low. An external circuit may drive the pin to assert a device reset.

A resistor with a value from 2.2 kQ to 10 kQ should be placed between XRSn and VDDIO. A capacitor should be
placed between XRSn and VSS for noise filtering, it should be 100 nF or smaller. These values will allow the
watchdog to properly drive the XRSn pin to Vg within 512 OSCCLK cycles when the watchdog reset is

asserted. Figure 7-7 shows the recommended reset circuit.

7.9.2.1 Reset Sources

VDDIO

XRSn

<100 nF

L

Figure 7-7. Reset Circuit

2.2kQto 10 kQ

Optional open-drain
Reset source

Table 7-4 summarizes the various reset signals and their effect on the device.

Table 7-4. Reset Signals

RESET SOURCE e PERIPACRALS SR llos XRSn OUTPUT
(C28x, FPU, VCU) RESET

POR Yes Yes Yes Hi-Z Yes
XRSn Pin Yes Yes No Hi-Z -

WDRS Yes Yes No Hi-Z Yes
NMIWDRS Yes Yes No Hi-Z Yes
SYSRS (Debugger Reset) Yes Yes No Hi-Z No
SCCRESET Yes Yes No Hi-Z No

The parameter t,poot-mode) MUst account for a reset initiated from any of these sources.

See the Resets section of the System Control chapter in the TMS320F28004x Microcontrollers Technical

Reference Manual.

CAUTION

Some reset sources are internally driven by the device. Some of these sources will drive XRSn low,
use this to disable any other devices driving the boot pins. The SCCRESET and debugger reset
sources do not drive XRSn; therefore, the pins used for boot mode should not be actively driven by
other devices in the system. The boot configuration has a provision for changing the boot pins in
OTP; for more details, see the TMS320F28004x Microcontrollers Technical Reference Manual.
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7.9.2.2 Reset Electrical Data and Timing

Section 7.9.2.2.1 lists the reset (XRSn) timing requirements. Section 7.9.2.2.2 lists the reset (XRSn) switching
characteristics. Figure 7-8 shows the power-on reset. Figure 7-9 shows the warm reset.

7.9.2.2.1 Reset (XRSn) Timing Requirements

MIN MAX| UNIT
th(boot-mode) Hold time for boot-mode pins 15 ms
All cases 3.2

t Pulse duration, XRSn low on - s
W(RSL2) warm reset Low-power modes used in M

application and SYSCLKDIV > 16 3.27 (SYSCLKDIV/16)
7.9.2.2.2 Reset (XRSn) Switching Characteristics
over recommended operating conditions (unless otherwise noted)
PARAMETER MIN TYP MAX UNIT
Pulse duration, XRSn driven low by device after supplies are
twrsL1) 100 us
stable
tw(woRs) Pulse duration, reset pulse generated by watchdog 512t 0sceLk) cycles
thoot-flash Boot-ROM execution time to first instruction fetch in flash 900 us
7.9.2.2.3 Reset Timing Diagram
Vboio: Vopa / |
(3.3V) |
|
|
Vpp (1.2V) /I
|
l t N
* w(RSL1) gl
) I
XRSn /
Boot ROM
CPU
Execution < \4 X /
Phase
User-code
th(boot-mode)(B)H User-code dependent

LC

12
Boot-M(?de GPIO pins as input M / @( B
Pins 5

)
Peripheral/GPIO function
Based on boot code

1/0 Pins W GPIO pins as input (pullups are disabled) X v

User-code dependent

Boot-ROM execution starts

Figure 7-8. Power-on Reset

A. The XRSn pin can be driven externally by a supervisor or an external pullup resistor, see Table 6-1. On-chip POR logic will hold this pin
low until the supplies are in a valid range.

B. After reset from any source (see Section 7.11.2.1), 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 SYSCLK speed. The SYSCLK will be based on user
environment and could be with or without PLL enabled.
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User Code

Y Y YN YYYY Y Y Y Y

XX RRRTTTRITERN
SRS Boot ROM X

VAVAVAVAVAVAN PAVAVAVAY

Boot-ROM execution starts
(initiated by any reset source) F—'F th(boot-mode) )

GPIO Pins as Input | Peripheral/GPIO Funcﬁ%j
12

User-Code Execution Starts

CPU (T
Execution User Code 0‘0
Phase =
Boot-Mode " "
Pins Peripheral/GPIO Function X
1/0 Pins User-Code Dependent X

GPIO Pins as Input (Pullups are Disabled) X

User-Code Dependent

Figure 7-9. Warm Reset

A. After reset from any source (see Section 7.11.2.1), 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 SYSCLK speed. The SYSCLK will be based on user

environment and could be with or without PLL enabled.

7.9.3 Clock Specifications
7.9.3.1 Clock Sources

Table 7-5 lists three possible clock sources. Figure 7-10 shows the clocking system. Figure 7-11 shows the

system PLL.
Table 7-5. Possible Reference Clock Sources
CLOCK SOURCE MODULES CLOCKED COMMENTS

INTOSC1 Can be used to provide clock for: Internal oscillator 1.
+  Watchdog block Zero-pin overhead 10-MHz internal oscillator.
* Main PLL
» CPU-Timer 2

INTOSC2(") Can be used to provide clock for: Internal oscillator 2.
«  Main PLL Zero-pin overhead 10-MHz internal oscillator.
*  CPU-Timer 2

X1 (XTAL) Can be used to provide clock for: External crystal or resonator connected between the X1 and X2 pins
«  Main PLL or single-ended clock connected to the X1 pin.
*  CPU-Timer 2

(1)  On reset, internal oscillator 2 (INTOSC2) is the default clock source for the system PLL (OSCCLK).
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To watchdog
{INTOSC1 > WDCLK———» timor
(svspLicTLt) (SYSCLKDIVSEL )
I SYSCLK
OSCCLK > PLLSYSCLK—> To NMIWD
X1 (XTAL) System PLL —PLLRAWCLKV Divider
SYSCLK < CPU |——CPUCLK—>  To local memories
To ePIE, RAMs, GPIOs,
SYSCLK— and DCSM
One per SYSCLK peripheral
| |
! ) |
| PERx.SYSCLK—» To peripherals
! |
L e e e -
One per LSPCLK peripheral
| |
! |
|_'S_P | LSPCLK PERx.LSPCLK—>»  To SCls and SPIs
Divider | |
L e e e -
CAN Bit Clock—» To CANs
Figure 7-10. Clocking System
OSCCLK VCO /ODIV PLLRAWCLK
PLL 1to/8
f (i NF
pLLraweLk = (foscelk) * ==
INF OoDIv
/110 /127.75 NF = IMULT + FMULT/4
Figure 7-11. System PLL
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7.9.3.2 Clock Frequencies, Requirements, and Characteristics

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.

7.9.3.2.1 Input Clock Frequency and Timing Requirements, PLL Lock Times

Section 7.9.3.2.1.1 lists the frequency requirements for the input clocks. Section 7.9.3.2.1.2 lists the XTAL
oscillator characteristics. Section 7.9.3.2.1.3 lists the X1 timing requirements. Section 7.9.3.2.1.4 lists the PLL

lock times for the Main PLL .
7.9.3.2.1.1 Input Clock Frequency

MIN MAX| UNIT
fxTaL) Frequency, X1/X2, from external crystal or resonator 10 20| MHz
fix1) Frequency, X1, from external oscillator 2 20| MHz
7.9.3.2.1.2 XTAL Oscillator Characteristics
over recommended operating conditions (unless otherwise noted)

PARAMETER MIN TYP MAX UNIT
X1V Valid low-level input voltage -0.3 0.3 *vDDIO \Y
X1Vy Valid high-level input voltage 0.7 *VvDDIO VDDIO + 0.3 \%
7.9.3.2.1.3 X1 Timing Requirements
MIN MAX| UNIT

tix1) Fall time, X1 6 ns
trx1) Rise time, X1 6 ns
twex1L) Pulse duration, X1 low as a percentage of t(x1) 45% 55%
tw(x1H) Pulse duration, X1 high as a percentage of tyx1) 45% 55%
7.9.3.2.1.4 PLL Lock Times

MIN NOM MAX| UNIT
t(PLL) Lock time, Main PLL 25.5us + 1024 * tc(OSCCLK) us

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: TMS320F280049 TMS320F280049C TMS320F280048 TMS320F280048C
TMS320F280045 TMS320F280041 TMS320F280041C TMS320F280040 TMS320F280040C

7


https://www.ti.com
https://www.ti.com/product/TMS320F280049
https://www.ti.com/product/TMS320F280049C
https://www.ti.com/product/TMS320F280048
https://www.ti.com/product/TMS320F280048C
https://www.ti.com/product/TMS320F280045
https://www.ti.com/product/TMS320F280041
https://www.ti.com/product/TMS320F280041C
https://www.ti.com/product/TMS320F280040
https://www.ti.com/product/TMS320F280040C
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS945F&partnum=TMS320F280049
https://www.ti.com/product/tms320f280049?qgpn=tms320f280049
https://www.ti.com/product/tms320f280049c?qgpn=tms320f280049c
https://www.ti.com/product/tms320f280048?qgpn=tms320f280048
https://www.ti.com/product/tms320f280048c?qgpn=tms320f280048c
https://www.ti.com/product/tms320f280045?qgpn=tms320f280045
https://www.ti.com/product/tms320f280041?qgpn=tms320f280041
https://www.ti.com/product/tms320f280041c?qgpn=tms320f280041c
https://www.ti.com/product/tms320f280040?qgpn=tms320f280040
https://www.ti.com/product/tms320f280040c?qgpn=tms320f280040c

TMS320F280049, TMS320F280049C, TMS320F280048, TMS320F280048C, TMS320F280045, I3 TEXAS

TMS320F280041, TMS320F280041C, TMS320F280040, TMS320F280040C INSTRUMENTS
SPRS945F — JANUARY 2017 — REVISED FEBRUARY 2021 www.ti.com

7.9.3.2.2 Internal Clock Frequencies
Section 7.9.3.2.2.1 provides the clock frequencies for the internal clocks.

7.9.3.2.2.1 Internal Clock Frequencies

MIN NOM MAX| UNIT
fisyscLk) Frequency, device (system) clock 2 100 MHz
te(syscLk) Period, device (system) clock 10 500 ns
fvco) Frequency, PLL VCO (before output divider) 120 400 MHz

Frequency, system PLL output (before SYSCLK
f(PLLRAWCLK) diviger) v 8Y put ( 15 200/ MHz
feLL) Frequency, PLLSYSCLK 2 100 MHz
fLsp) Frequency, LSPCLK 2 100 MHz
teLspeLk) Period, LSPCLK 10 500 ns
Frequency, OSCCLK (INTOSC1 or INTOSC2 or .
flosceLk) XTAqL or )2/1) ( See respective clock MHz
fHRPWM) Frequency, HRPWMCLK 60 100 MHz

7.9.3.2.3 Output Clock Frequency and Switching Characteristics
Section 7.9.3.2.3.1 lists the switching characteristics of the output clock, XCLKOUT.
7.9.3.2.3.1 XCLKOUT Switching Characteristics

over recommended operating conditions (unless otherwise noted)

PARAMETER(") MIN MAX| UNIT
tixco) Fall time, XCLKOUT 5 ns
trxco) Rise time, XCLKOUT 5 ns
twixcoL) Pulse duration, XCLKOUT low H - 22 H+ 2@ ns
tw(xcon) Pulse duration, XCLKOUT high H_ 20 H + 2@ ns
fixco) Frequency, XCLKOUT 50 MHz

(1) Aload of 40 pF is assumed for these parameters.
(2) H=0.5txco)
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7.9.3.3 Input Clocks and PLLs

Note

GPIO18* and its mux options can be used only when the system is clocked by INTOSC and X1 has
an external pulldown resistor.

In addition to the internal 0-pin oscillators, three types of external clock sources are supported:

* A single-ended 3.3-V external clock. The clock signal should be connected to X1, as shown in Figure 7-12,
with the XTALCR.SE bit set to 1.

Microcontroller

GPIO18*
VSS X1 X2
A Not availabl

+3.3V ot available asa

e GPIO when X1 is
used as a clock
VDD Out
3.3-V Oscillator

Gnd

Figure 7-12. Single-ended 3.3-V External Clock
* An external crystal. The crystal should be connected across X1 and X2 with its load capacitors connected to
VSS as shown in Figure 7-13.

Microcontroller

VSS X1 X2

Figure 7-13. External Crystal

* An external resonator. The resonator should be connected across X1 and X2 with its ground connected to
VSS as shown in Figure 7-14.
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Microcontroller

GPIO18*
VSS X1 X2

Figure 7-14. External Resonator
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7.9.3.4 Crystal Oscillator

When using a quartz crystal, it may be necessary to include a damping resistor (Rp) in the crystal circuit to
prevent overdriving the crystal (drive level can be found in the crystal data sheet). In higher-frequency
applications (10 MHz or greater), Rp is generally not required. If a damping resistor is required, Rp should be as
small as possible because the size of the resistance affects start-up time (smaller Rp = faster start-up time). Tl
recommends that the crystal manufacturer characterize the crystal with the application board. Section 7.9.3.4.1
lists the crystal oscillator parameters. Table 7-6 lists the crystal equivalent series resistance (ESR) requirements.
Section 7.9.3.4.2 lists the crystal oscillator electrical characteristics.

7.9.3.4.1 Crystal Oscillator Parameters

MIN| MAX| UNIT
CL1, CL2 Load capacitance 12 24| pF
Co Crystal shunt capacitance 7| pF
Table 7-6. Crystal Equivalent Series Resistance (ESR) Requirements (1) (2)
MAXIMUM ESR (Q) MAXIMUM ESR (Q)
CRYSTAL FREQUENCY (MHz) (CL1 = CL2 = 12 pF) (CL1 = CL2 = 24 pF)

10 55 110

12 50 95

14 50 90

16 45 75

18 45 65

20 45 50

(1)  Crystal shunt capacitance (C0) should be less than or equal to 7 pF.
(2) ESR = Negative Resistance/3
7.9.3.4.2 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
. ™
Start-up time CL1=CL2 = 24 pF 2 ms
CO=7pF

Crystal drive level (DL) 1 mW

(1) Start-up time is dependent on the crystal and tank circuit components. Tl recommends that the crystal vendor characterize the

application with the chosen crystal.
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7.9.3.5 Internal Oscillators

To reduce production board costs and application development time, all F28004x devices contain two
independent internal oscillators, referred to as INTOSC1 and INTOSC2. By default, both oscillators are enabled
at power up. INTOSC2 is set as the source for the system reference clock (OSCCLK) and INTOSC1 is set as the
backup clock source. INTOSC1 can also be manually configured as the system reference clock (OSCCLK).
Section 7.9.3.5.1 provides the electrical characteristics of the internal oscillators to determine if this module
meets the clocking requirements of the application.

7.9.3.5.1 INTOSC Characteristics

over recommended operating conditions (unless otherwise noted)

TEST
PARAMETER CONDITIONS MIN TYP MAX UNIT
Frequency, INTOSC1 and
f|NTOSC INTqOSCZy 9.7 10 10.3 MHz
Frequency stability at room 30°C, Nominal +0.1%
Iv. (]
temperature VDD
fintosc-stasiLITY Frequency stability over VDD 30°C +0.2%
Frequency stability —3% 3%
tiINTOSC-ST Start-up and settling time 20 us
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7.9.4 Flash Parameters
Table 7-7 lists the minimum required Flash wait states with different clock sources and frequencies.

Table 7-7. Minimum Required Flash Wait States with Different Clock Sources and Frequencies

EXTERNAL OSCILLATOR OR CRYSTAL INTOSC1 OR INTOSC2
CPUCLK(MH2) (| FLASHREADOR | oy UlS e op pump | FLASHREADOR | UCSTeee o pume
SLEEP SLEEP (2

97 < CPUCLK =100 5
80 < CPUCLK =97 4 4 4
77 < CPUCLK =80 4
60 < CPUCLK =77 ’ 3 3
58 < CPUCLK =60 3
40 < CPUCLK =58 2 2 2
38 < CPUCLK =40 2
20 < CPUCLK =38 1 ! 1
19 < CPUCLK =20 1
CPUCLK =19 0 0 0

The F28004x devices have an improved 128-bit prefetch buffer that provides high flash code execution efficiency
across wait states. Figure 7-15 and Figure 7-16 illustrate typical efficiency across wait-state settings compared to
previous-generation devices with a 64-bit prefetch buffer. Wait-state execution efficiency with a prefetch buffer
will depend on how many branches are present in application software. Two examples of linear code and if-then-

else code are provided.

100%
95%
90%

100%

90%

80%
85%

70% 80%

60% [~ 75% |-

Efficiency (%)
Efficiency (%)

70% |==---- Flash with 64-Bit Prefetch

------ Flash with 64-Bit Prefetch
ash wi it Prefetcl Flash with 128-Bit Prefetch

50% |- i i RAEES
Flash with 128-Bit Prefetch el R 65%

40% |- 60% |-

30% : L L L . 55% :
0 1 2 3 4 5 0 1 2 3 4 5

Wait State Wait State
Figure 7-15. Application Code With Heavy 32-Bit Figure 7-16. Application Code With 16-Bit If-Else
Floating-Point Math Instructions Instructions
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Table 7-8 lists the Flash parameters.

Table 7-8. Flash Parameters

PARAMETER MIN TYP MAX UNIT
128 data bits + 16 ECC bits 150 300 us
Program Time ()
8KB sector 50 100 ms
EraseTime (2 at < 25 W/E cycles 8KB sector 15 100 ms
EraseTime (@) at 1000 W/E cycles 8KB sector 25 350 ms
EraseTime (@) at 2000 W/E cycles 8KB sector 30 600 ms
EraseTime (@) at 20K W/E cycles 8KB sector 120 4000 ms
Nwec Write/Erase Cycles 20000 cycles
tretention Data retention duration at T; = 85°C 20 years

(1) Program time is at the maximum device frequency. Program time includes overhead of the flash state machine but does not include
the time to transfer the following into RAM:
* Code that uses flash API to program the flash
* Flash API itself
* Flash data to be programmed
In other words, the time indicated in this table is applicable after all the required code/data is available in the device RAM, ready for
programming. The transfer time will significantly vary depending on the speed of the JTAG debug probe used.
Program time calculation is based on programming 144 bits at a time at the specified operating frequency. Program time includes
Program verify by the CPU. The program time does not degrade with write/erase (W/E) cycling, but the erase time does and hence
Erase time is provided for 25 W/E cycles, 1K W/E cycles, 2K W/E cycles and 20K W/E cycles.
Erase time includes Erase verify by the CPU and does not involve any data transfer.

(2) Erase time includes Erase verify by the CPU.

Note

The Main Array flash programming must be aligned to 64-bit address boundaries and each 64-bit
word may only be programmed once per write/erase cycle.

The DCSM OTP programming must be aligned to 128-bit address boundaries and each 128-bit word

may only be programmed once. The exceptions are:

1. The DCSM Zx-LINKPOINTER1 and Zx-LINKPOINTER?2 values in the DCSM OTP should be
programmed together, and may be programmed 1 bit at a time as required by the DCSM operation.

2. The DCSM Zx-LINKPOINTERS3 values in the DCSM OTP may be programmed 1 bit at a time on a
64-bit boundary to separate it from Zx-PSWDLOCK, which must only be programmed once.
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7.9.5 Emulation/JTAG

The JTAG (IEEE Standard 1149.1-1990 Standard Test Access Port and Boundary Scan Architecture) port has
four dedicated pins: TMS, TDI, TDO, and TCK. The c¢JTAG (IEEE Standard 1149.7-2009 for Reduced-Pin and
Enhanced-Functionality Test Access Port and Boundary-Scan Architecture) port is a compact JTAG interface
requiring only two pins (TMS and TCK), which allows other device functionality to be muxed to the traditional
GPIO35 (TDI) and GPIO37 (TDO) pins.

Typically, no buffers are needed on the JTAG signals when the distance between the MCU target and the JTAG
header is smaller than 6 inches (15.24 cm), and no other devices are present on the JTAG chain. Otherwise,
each signal should be buffered. Additionally, for most JTAG debug probe operations at 10 MHz, no series
resistors are needed on the JTAG signals. However, if high emulation speeds are expected (35 MHz or so), 22-Q
resistors should be placed in series on each JTAG signal.

The PD (Power Detect) terminal of the JTAG debug probe header should be connected to the board's 3.3-V
supply. Header GND terminals should be connected to board ground. TDIS (Cable Disconnect Sense) should
also be connected to board ground. The JTAG clock should be looped from the header TCK output terminal back
to the RTCK input terminal of the header (to sense clock continuity by the JTAG debug probe). This MCU does
not support the EMUO and EMU1 signals that are present on 14-pin and 20-pin emulation headers. These
signals should always be pulled up at the emulation header through a pair of board pullup resistors ranging from
2.2 kQ to 4.7 kQ (depending on the drive strength of the debugger ports). Typically, a 2.2-kQ value is used.

Header terminal RESET is an open-drain output from the JTAG debug probe header that enables board
components to be reset through JTAG debug probe commands (available only through the 20-pin header).
Figure 7-17 shows how the 14-pin JTAG header connects to the MCU’s JTAG port signals. Figure 7-18 shows
how to connect to the 20-pin JTAG header. The 20-pin JTAG header terminals EMU2, EMU3, and EMU4 are not
used and should be grounded.

For more information about hardware breakpoints and watchpoints, see Hardware Breakpoints and Watchpoints
for C28x in CCS.

For more information about JTAG emulation, see the XDS Target Connection Guide.

Note

JTAG Test Data Input (TDI) is the default mux selection for the pin. The internal pullup is disabled by
default. If this pin is used as JTAG TDI, the internal pullup should be enabled or an external pullup
added on the board to avoid a floating input. In the cJTAG option, this pin can be used as GPIO.

JTAG Test Data Output (TDO) is the default mux selection for the pin. The internal pullup is disabled
by default. The TDO function will be in a tri-state condition when there is no JTAG activity, leaving this
pin floating. The internal pullup should be enabled or an external pullup added on the board to avoid a
floating GPIO input. In the cJTAG option, this pin can be used as GPIO.
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Distance between the header and the target
should be less than 6 inches (15.24 cm).
3.3V
4.7 kQ
™S |« 3 1 1™s TRST| 2
3.3V
10 kQ
D¢ - — 3 - — 3 1oI TDIS| GND
MCU 3.3V 100 Q 6
3.3V PD KEY}—
% 10 kQ W
O — — e 3] oo GND}8
3| rTck GND |10
TCKle 1 1ek GND |12
4.7 kQ 4.7 kQ
3.3 V— W\ 131 EMuO EMU1 |14 A — 3.3V
A. TDI and TDO connections are not required for cJTAG option and these pins can be used as GPIOs instead.
Figure 7-17. Connecting to the 14-Pin JTAG Header
Distance between the header and the targg)
should be less than 6 inches (15.24 cm).
3.3V
4.7 kQ
™S |« 3 1] Tms TRST| 2
3.3V
10 kQ
meu TOle———F———— 3] ToI TDIS}A GND
3.3V 100 Q 5 6
3.3V——W\ PD KEY[R
10 kQ
™o — — ¢ _ % oo GND S
3| rRTCK GND 0
TCKle 11 Tek GND |12
4.7 kQ 13 14 4.7 kQ
3.3V YW EMUO EMU1 ANV 3.3V
5] RESET GND |6
Open
Drain 171 EMu2 Emus |8
A low pulse from the JTAG debug probe 19 EMU4 GND 20
can be tied with other reset sources
to reset the board. GND GND

A. TDI and TDO connections are not required for cJTAG option and these pins can be used as GPIOs instead.

Figure 7-18. Connecting to the 20-Pin JTAG Header
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7.9.5.1 JTAG Electrical Data and Timing

Section 7.9.5.1.1 lists the JTAG timing requirements. Section 7.9.5.1.2 lists the JTAG switching characteristics.
Figure 7-19 shows the JTAG timing.

7.9.5.1.1 JTAG Timing Requirements

NO. MIN MAX UNIT
1 terek) Cycle time, TCK 66.66 ns
1la  |twrckH) Pulse duration, TCK high (40% of t.) 26.66 ns
b |twreky) Pulse duration, TCK low (40% of t.) 26.66 ns
3 tsu(TDI-TCKR) Input setup time, TDI valid to TCK high 13 s
tsu(TMS-TCKH) Input setup time, TMS valid to TCK high 13
4 th(tckH-TDI) Input hold time, TDI valid from TCK high s
th(TCKH-TMS) Input hold time, TMS valid from TCK high
7.9.5.1.2 JTAG Switching Characteristics
over recommended operating conditions (unless otherwise noted)
NO. PARAMETER MIN MAX UNIT
2 ta(reKL-TDo) Delay time, TCK low to TDO valid 6 25 ns

7.9.5.1.3 JTAG Timing Diagram

TCK

TDO

TDI/TMS

[P 1

»!

-
:<—1a

/;/

A A

b ——

2
|
|

KR o 2P »!

X X

Figure 7-19. JTAG Timing
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7.9.5.2 ¢JTAG Electrical Data and Timing

Section 7.9.5.2.1 lists the cJTAG timing requirements. Section 7.9.5.2.2 lists the cJTAG switching characteristics.
Figure 7-20 shows the cJTAG timing.

7.9.5.2.1 cJTAG Timing Requirements

NO. MIN MAX UNIT
1 Jterek) Cycle time, TCK 100 ns
1a  |twrckH) Pulse duration, TCK high (40% of t.) 40 ns
b |twreky) Pulse duration, TCK low (40% of t.) 40 ns
3 tsu(TMs-TCKH) Input setup time, TMS valid to TCK high 15 ns
tsumms-TeKL) Input setup time, TMS valid to TCK low 15 ns
4 th(TckH-TMs) Input hold time, TMS valid from TCK high 2 ns
thrckL-Tms) Input hold time, TMS valid from TCK low 2 ns

7.9.5.2.2 cJTAG Switching Characteristics

over recommended operating conditions (unless otherwise noted)

NO. PARAMETER MIN MAX UNIT
tarekL-Tvs) Delay time, TCK low to TMS valid 6 20 ns
tdiS(TCKH-TMS) Delay time, TCK hlgh to TMS disable 20 ns

7.9.5.2.3 ¢JTAG Timing Diagram

I.
< 1
—— la —se——1b —>,
| . | . . ,
B e e A N e LI D i 5>
TCK | | | | | ) | |
| | [ | |
| |
LY \r
T™S I\ TMS Input L 28
| |

4

|

|
TMS Input I 2 I TMS Output |
| | |

S — —

Figure 7-20. cJTAG Timing
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7.9.6 GPIO Electrical Data and Timing

The peripheral signals are multiplexed with general-purpose input/output (GPIO) signals. On reset, GPIO pins
are configured as inputs. For specific inputs, the user can also select the number of input qualification cycles to
filter unwanted noise glitches.

The GPIO module contains an Output X-BAR which allows an assortment of internal signals to be routed to a
GPIO in the GPIO mux positions denoted as OUTPUTXBARXx. The GPIO module also contains an Input X-BAR
which is used to route signals from any GPIO input to different IP blocks such as the ADCs, eCAPs, ePWMs,
and external interrupts. For more details, see the X-BAR chapter in the TMS320F28004x Microcontrollers
Technical Reference Manual.

7.9.6.1 GPIO - Output Timing

Section 7.9.6.1.1 lists the general-purpose output switching characteristics. Figure 7-21 shows the general-
purpose output timing.

7.9.6.1.1 General-Purpose Output Switching Characteristics

over recommended operating conditions (unless otherwise noted)

PARAMETER MIN MAX| UNIT
tPio) Rise time, GPIO switching low to high g'L%PZ'?SVeSXVCVept 8| s
tiaPio) Fall time, GPIO switching high to low g'l',%’z'?svesxvcvept 8| s
fepio Toggling frequency, all GPIOs except GPIO23_VSW 25 MHz

(1) Rise time and fall time vary with load. These values assume a 40-pF load.

NI

\ |
—»  |[¢— tpio

ticpio) —»  le—
Figure 7-21. General-Purpose Output Timing
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7.9.6.2 GPIO - Input Timing

Section 7.9.6.2.1 lists the general-purpose input timing requirements. Figure 7-22 shows the sampling mode.
7.9.6.2.1 General-Purpose Input Timing Requirements

Table 7-9. General-Purpose Input Timing Requirements

MIN MAX UNIT
' ] QUALPRD =0 te(svscLk)

tw(sp) Sampling period cycles
QUALPRD # 0 2tysvscik) ¥ QUALPRD

twiasw) Input qualifier sampling window twspy * (N =1) cycles

Synchronous mode 2t

tucpny @ Pulse duration, GPIO low/high — — S(SYSCLK) cycles

With input qualifier tw(IQSW) + tw(SP) + 1tC(SYSCLK)

(1)  "n" represents the number of qualification samples as defined by GPxQSELn register.
(2)  For tygpr), pulse width is measured from V,_to V_for an active low signal and Vy to V| for an active high signal.

(A)

GPIO Signal GPxQSELn =

IS
AR

-

,0 (6 samples)

TET
\}\ |
\
\

1

\
twse) —» {¢— Sampling Period determir;ed
by GPxCTRL[QUALPRD]®

4°»

R
SRR R BN R

44°»

twiasw) |

Sampling Window —»{€— (SYSCLK cycle * 2 * QUALPRD) * 5
\

[LLULLTTTLL

\
\
\
} QUALPRD =1
|

3
|
«

SYSCLK

(SYSCLK/2) \
(D)

Output From
Qualifier

A. This glitch will be ignored by the input qualifier. The QUALPRD bit field specifies the qualification sampling period. It can vary from 00 to

OxFF. If QUALPRD = 00, then the sampling period is 1 SYSCLK cycle. For any other value "n", the qualification sampling period in 2n
SYSCLK cycles (that is, at every 2n SYSCLK cycles, the GPIO pin will be sampled).

B. The qualification period selected through the GPxCTRL register applies to groups of eight GPIO pins.
The qualification block can take either three or six samples. The GPxQSELn Register selects which sample mode is used.

In the example shown, for the qualifier to detect the change, the input should be stable for 10 SYSCLK cycles or greater. In other words,
the inputs should be stable for (5 x QUALPRD x 2) SYSCLK cycles. This would ensure 5 sampling periods for detection to occur.
Because external signals are driven asynchronously, an 13-SYSCLK-wide pulse ensures reliable recognition.

Figure 7-22. Sampling Mode
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7.9.6.3 Sampling Window Width for Input Signals

The following section summarizes the sampling window width for input signals for various input qualifier
configurations.

Sampling frequency denotes how often a signal is sampled with respect to SYSCLK.
Sampling frequency = SYSCLK/(2 x QUALPRD), if QUALPRD # 0

Sampling frequency = SYSCLK, if QUALPRD =0

Sampling period = SYSCLK cycle x 2 x QUALPRD, if QUALPRD # 0

In the previous equations, SYSCLK cycle indicates the time period of SYSCLK.
Sampling period = SYSCLK cycle, if QUALPRD =0

In a given sampling window, either 3 or 6 samples of the input signal are taken to determine the validity of the
signal. This is determined by the value written to GPxQSELn register.

Case 1:

Qualification using 3 samples

Sampling window width = (SYSCLK cycle x 2 x QUALPRD) x 2, if QUALPRD # 0
Sampling window width = (SYSCLK cycle) x 2, if QUALPRD =0

Case 2:

Qualification using 6 samples

Sampling window width = (SYSCLK cycle x 2 x QUALPRD) x 5, if QUALPRD # 0
Sampling window width = (SYSCLK cycle) x 5, if QUALPRD =0

Figure 7-23 shows the general-purpose input timing.

GPIOxn X X

| |
[——— twep) ——

Figure 7-23. General-Purpose Input Timing
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7.9.7 Interrupts

The C28x CPU has fourteen peripheral interrupt lines. Two of them (INT13 and INT14) are connected directly to
CPU timers 1 and 2, respectively. The remaining twelve are connected to peripheral interrupt signals through the
enhanced Peripheral Interrupt Expansion (ePIE) module. The ePIE multiplexes up to sixteen peripheral
interrupts into each CPU interrupt line. It also expands the vector table to allow each interrupt to have its own
ISR. This allows the CPU to support a large number of peripherals.

An interrupt path is divided into three stages—the peripheral, the ePIE, and the CPU. Each stage has its own
enable and flag registers. This system allows the CPU to handle one interrupt while others are pending,
implement and prioritize nested interrupts in software, and disable interrupts during certain critical tasks.

Figure 7-24 shows the interrupt architecture for this device.

LPM Logic JLPMINT
[ wb ]
WD WDINT

TIMERO TINTO

) WAKEINT >

GPIO0 — >
GPIOT —nput

X-BAR
GPIOX —pf

INPUTXBAR4

INPUTXBARS

XINT1 Control

INPUTXBARG

XINT2 Control

XINT3 Control

INPUTXBAR13

XINT4 Control >

INPUTXBAR14

XINT5 Control

Peripherals

A

See ePIE Table.

ePIE

!

NI
CPU
INT1

INT12

TIMER1 TINTH INT13

'

TIMER2 TINT2 INT14

i

ERAD RTOSINT

Figure 7-24. Device Interrupt Architecture

86 Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TMS320F280049 TMS320F280049C TMS320F280048 TMS320F280048C
TMS320F280045 TMS320F280041 TMS320F280041C TMS320F280040 TMS320F280040C


https://www.ti.com/product/TMS320F280049
https://www.ti.com/product/TMS320F280049C
https://www.ti.com/product/TMS320F280048
https://www.ti.com/product/TMS320F280048C
https://www.ti.com/product/TMS320F280045
https://www.ti.com/product/TMS320F280041
https://www.ti.com/product/TMS320F280041C
https://www.ti.com/product/TMS320F280040
https://www.ti.com/product/TMS320F280040C
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS945F&partnum=TMS320F280049
https://www.ti.com/product/tms320f280049?qgpn=tms320f280049
https://www.ti.com/product/tms320f280049c?qgpn=tms320f280049c
https://www.ti.com/product/tms320f280048?qgpn=tms320f280048
https://www.ti.com/product/tms320f280048c?qgpn=tms320f280048c
https://www.ti.com/product/tms320f280045?qgpn=tms320f280045
https://www.ti.com/product/tms320f280041?qgpn=tms320f280041
https://www.ti.com/product/tms320f280041c?qgpn=tms320f280041c
https://www.ti.com/product/tms320f280040?qgpn=tms320f280040
https://www.ti.com/product/tms320f280040c?qgpn=tms320f280040c

1} TEXAS TMS320F280049, TMS320F280049C, TMS320F280048, TMS320F280048C, TMS320F280045,

TMS320F280041, TMS320F280041C, TMS320F280040, TMS320F280040C
SPRS945F — JANUARY 2017 — REVISED FEBRUARY 2021

INSTRUMENTS

www.ti.com

7.9.7.1 External Interrupt (XINT) Electrical Data and Timing

Section 7.9.7.1.1 lists the external interrupt timing requirements. Section 7.9.7.1.2 lists the external interrupt
switching characteristics. Section 7.9.7.1.3 shows the external interrupt timing.

7.9.7.1.1 External Interrupt Timing Requirements

U] MIN MAX| UNIT
Synchronous 2t
twanT) Pulse duration, INT input low/high - — SEYSCLIY cycles
With qualifier twgasw) *+ twisp) + MtosyscLk)
(1)  For an explanation of the input qualifier parameters, see Section 7.9.6.2.1.
7.9.7.1.2 External Interrupt Switching Characteristics
over recommended operating conditions (unless otherwise noted)
PARAMETER () MIN MAX| UNIT
td(INT) Delay time, INT |OW/h|gh to interrupt-vector fetch @ tW(IQSW) + 14tC(SYSCLK) tW(IQSW) + tW(SP) + 14tC(SYSCLK) cycles

(1)  For an explanation of the input qualifier parameters, see Section 7.9.6.2.1.

(2) This assumes that the ISR is in a single-cycle memory.

7.9.7.1.3 Interrupt Timing Diagram

XINT1, XINT2, XINT3,
XINT4, XINT5

Address bus TXXXXXXXS
(internal) _XXKKKKLLS

S
e
3
b
3
b
P2
b
P2
b
P2
=
3¢

<X
3

‘“—F‘L tw(INT)

N/

K—F‘ taanm)

R TR RRZLIIIXZZZIN nterrupt Vector
LLLLLILILILLLLLLLLLLLKLA Interrupt Vector

Copyright © 2021 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: TMS320F280049 TMS320F280049C TMS320F280048 TMS320F280048C
TMS320F280045 TMS320F280041 TMS320F280041C TMS320F280040 TMS320F280040C

87


https://www.ti.com
https://www.ti.com/product/TMS320F280049
https://www.ti.com/product/TMS320F280049C
https://www.ti.com/product/TMS320F280048
https://www.ti.com/product/TMS320F280048C
https://www.ti.com/product/TMS320F280045
https://www.ti.com/product/TMS320F280041
https://www.ti.com/product/TMS320F280041C
https://www.ti.com/product/TMS320F280040
https://www.ti.com/product/TMS320F280040C
https://www.ti.com/feedbackform/techdocfeedback?litnum=SPRS945F&partnum=TMS320F280049
https://www.ti.com/product/tms320f280049?qgpn=tms320f280049
https://www.ti.com/product/tms320f280049c?qgpn=tms320f280049c
https://www.ti.com/product/tms320f280048?qgpn=tms320f280048
https://www.ti.com/product/tms320f280048c?qgpn=tms320f280048c
https://www.ti.com/product/tms320f280045?qgpn=tms320f280045
https://www.ti.com/product/tms320f280041?qgpn=tms320f280041
https://www.ti.com/product/tms320f280041c?qgpn=tms320f280041c
https://www.ti.com/product/tms320f280040?qgpn=tms320f280040
https://www.ti.com/product/tms320f280040c?qgpn=tms320f280040c

TMS320F280049, TMS320F280049C, TMS320F280048, TMS320F280048C, TMS320F280045, I3 TEXAS

TMS320F280041, TMS320F280041C, TMS320F280040, TMS320F280040C
SPRS945F — JANUARY 2017 — REVISED FEBRUARY 2021

INSTRUMENTS

www.ti.com

7.9.8 Low-Power Modes

This device has HALT and IDLE as two clock-gating low-power modes. STANDBY mode is not supported on this

device. See the TMS320F28004x MCUs Silicon Errata for more details.

Further details, as well as the entry and exit procedure, for all of the low-power modes can be found in the Low
Power Modes section of the TMS320F28004x Microcontrollers Technical Reference Manual.

7.9.8.1 Clock-Gating Low-Power Modes

IDLE and HALT modes on this device are similar to those on other C28x devices. Table 7-10 describes the effect

on the system when any of the clock-gating low-power modes are entered.

Table 7-10. Effect of Clock-Gating Low-Power Modes on the Device

CLOCK DOWAIN iDL HALT
SYSCLK Active Gated
CPUCLK Gated Gated
Clock to modules connected to Active Gated
PERx.SYSCLK
WDCLK Active Gated if CLKSRCCTL1.WDHALTI =0
PLL Powered Software must power down PLL before entering HALT.
INTOSC1 Powered Powered down if CLKSRCCTL1.WDHALTI =0
INTOSC2 Powered Powered down if CLKSRCCTL1.WDHALTI =0
Flash(" Powered Powered
XTAL®@) Powered Powered

(1)  The Flash module is not powered down by hardware in any LPM. It may be powered down using software if required by the
application. For more information, see the Flash and OTP Memory section of the System Control chapter in the TMS320F28004x

Microcontrollers Technical Reference Manual.

(2) The XTAL is not powered down by hardware in any LPM. It may be powered down by software setting the XTALCR.OSCOFF bit to 1.

This can be done at any time during the application if the XTAL is not required.
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7.9.8.2 Low-Power Mode Wake-up Timing

Section 7.9.8.2.1 lists the IDLE mode timing requirements, Section 7.9.8.2.2 lists the switching characteristics,
and Figure 7-26 shows the timing diagram for IDLE mode.

7.9.8.2.1 IDLE Mode Timing Requirements (1)

MIN MAX UNIT

_ . Without input qualifier 2tysyscLK)
tw(WAKE) Pulse duration, external wake-up signal — — cycles
With input qualifier 2t syscLk) * twiasw)

(1)  For an explanation of the input qualifier parameters, see Section 7.9.6.2.1.

7.9.8.2.2 IDLE Mode Switching Characteristics (1)

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

Delay time, external wake signal to program execution resume (@)

*  Wake up from flash Without input qualifier 40tgsyscik)
— Flash module in active state With input qualifier A0tsYSOLK) * taWAKE)
t4(WAKE-IDLE) +  Wake up from flash Without input qualifier 6700ty syscLk) | cycles
— Flash module in sleep state With input qualifier 6700ty(svscLK) 3) + tw(WAKE)
. Wake up from RAM Without input qualifier 25ty(svscLK)
With input qualifier 25t syscLk) + twwake)

(1)  For an explanation of the input qualifier parameters, see Section 7.9.6.2.1.

(2) This is the time taken to begin execution of the instruction that immediately follows the IDLE instruction. Execution of an ISR (triggered
by the wake-up signal) involves additional latency.

(3) This value is based on the flash power-up time, which is a function of the SYSCLK frequency, flash wait states (RWAIT), and
FPAC1[PSLEEP]. For more information, see the Flash/OTP and Pump Power Modes and Wakeup section of the TMS320F28004x
Microcontrollers Technical Reference Manual.

7.9.8.2.3 IDLE Mode Timing Diagram

N

14 t4(WAKE-IDLE) ”

Address/Data b 4
(internal) X X n “ X X X )C

i 4
\
XCLKOUT _/—\_/—\_/—\/W W\NW\J—\_
\
B f—— twwake) — B
WAKE™ L \J\ y 4

A. WAKE can be any enabled interrupt, WDINT or XRSn. After the IDLE instruction is executed, a delay of five OSCCLK cycles (minimum)
is needed before the wake-up signal could be asserted.

Figure 7-26. IDLE Entry and Exit Timing Diagram
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Section 7.9.8.2.4 lists the HALT mode timing requirements, Section 7.9.8.2.5 lists the switching characteristics,
and Figure 7-27 shows the timing diagram for HALT mode.

7.9.8.2.4 HALT Mode Timing Requirements

MIN MAX UNIT
tw(WAKE-GPIO) Pulse duration, GPIO wake-up signal(") toscst + 2tc0sCCLK) cycles
tw(WAKE-XRS) Pulse duration, XRSn wake-up signal(® tosst + Ble(oscoLk) cycles

(1)  For applications using X1/X2 for OSCCLK, the user must characterize their specific oscillator start-up time as it is dependent on circuit/
layout external to the device. See Section 7.9.3.4.2 for more information. For applications using INTOSC1 or INTOSC2 for OSCCLK,
see Section 7.9.3.5 for tys.st- Oscillator start-up time does not apply to applications using a single-ended crystal on the X1 pin, as it is
powered externally to the device.

7.9.8.2.5 HALT Mode Switching Characteristics

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

tapbLE-xCOS) Delay time, IDLE instruction executed to XCLKOUT stop 16t;nTosc1) cycles

Delay time, external wake signal end to CPU program
execution resume

*  Wake up from flash

~  Flash module in active state 73t0scoLK)
td(WAKE-HALT) cycles
*  Wake up from flash a
— Flash module in sleep state 17500t (0sceLk)

*  Wake up from RAM 75t50sCCLK)

(1)  This value is based on the flash power-up time, which is a function of the SYSCLK frequency, flash wait states (RWAIT), and
FPAC1[PSLEEP]. For more information, see the Flash/OTP and Pump Power Modes and Wakeup section of the TMS320F28004x
Microcontrollers Technical Reference Manual.

7.9.8.2.6 HALT Mode Timing Diagram
(A | te— (C) —» e— (F)———»

Device
Status \% X

Normal
Execution

\
LG

12 {
\K—% |

|

|

ta(WAKE-HALT) i

tw(WAKE-GPI0) —f¢———f \

L |

\

\
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} L Oscillator Start-up Time \
|

| | [TUUUL
L L

\ \

0SCCLK J

L L
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“—P% tyopLE-xCOS)

IDLE instruction is executed to put the device into HALT mode.

The LPM block responds to the HALT signal, SYSCLK is held for a maximum 16 INTOSC1 clock cycles before being turned off. This

delay enables the CPU pipeline and any other pending operations to flush properly.

C. Clocks to the peripherals are turned off and the PLL is shut down. If a quartz crystal or ceramic resonator is used as the clock source,
the internal oscillator is shut down as well. The device is now in HALT mode and consumes very little power. It is possible to keep the
zero-pin internal oscillators (INTOSC1 and INTOSC2) and the watchdog alive in HALT MODE. This is done by writing 1 to

w >
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CLKSRCCTL1.WDHALTI. After the IDLE instruction is executed, a delay of five OSCCLK cycles (minimum) is needed before the wake-
up signal could be asserted.

D. When the GPIOn pin (used to bring the device out of HALT) is driven low, the oscillator is turned on and the oscillator wake-up sequence
is initiated. The GPIO pin should be driven high only after the oscillator has stabilized. This enables the provision of a clean clock signal
during the PLL lock sequence. Because the falling edge of the GPIO pin asynchronously begins the wake-up procedure, care should be
taken to maintain a low noise environment before entering and during HALT mode.

E. The wake-up signal fed to a GPIO pin to wake up the device must meet the minimum pulse width requirement. Furthermore, this signal
must be free of glitches. If a noisy signal is fed to a GPIO pin, the wake-up behavior of the device will not be deterministic and the device
may not exit low-power mode for subsequent wake-up pulses.

F.  When CLKIN to the core is enabled, the device will respond to the interrupt (if enabled), after some latency. The HALT mode is now
exited.

G. Normal operation resumes.

H. The user must relock the PLL upon HALT wakeup to ensure a stable PLL lock.

Figure 7-27. HALT Entry and Exit Timing Diagram
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7.10 Analog Peripherals
The analog subsystem module is described in this section.
The analog modules on this device include the ADC, PGA, temperature sensor, buffered DAC, and CMPSS.

The analog subsystem has the following features:
» Flexible voltage references
— The ADCs are referenced to VREFHIx and VREFLOX pins.

* VREFHIx pin voltage can be driven in externally or can be generated by an internal bandgap voltage
reference.

» The internal voltage reference range can be selectedtobe 0 Vto 3.3Vor0Vto25V.
* The buffered DACs are referenced to VREFHIx and VREFLOXx.
— Alternately, these DACs can be referenced to the VDAC pin and VSSA.
* The comparator DACs are referenced to VDDA and VSSA.
— Alternately, these DACs can be referenced to the VDAC pin and VSSA.
* Flexible pin usage
— Buffered DAC outputs, comparator subsystem inputs, PGA functions, and digital inputs are multiplexed
with ADC inputs

— Internal connection to VREFLO on all ADCs for offset self-calibration
Figure 7-28 shows the Analog Subsystem Block Diagram for the 100-pin PZ LQFP.
Figure 7-29 shows the Analog Subsystem Block Diagram for the 64-pin PM LQFP.
Figure 7-30 shows the Analog Subsystem Block Diagram for the 56-pin RSH VQFN.
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Figure 7-28. Analog Subsystem Block Diagram (100-Pin PZ LQFP)
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A. This PGA has no input/output connections on this package, but should be enabled and disabled at the same time as other PGAs with a

shared PGA ground.

Figure 7-29. Analog Subsystem Block Diagram (64-Pin PM LQFP)
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A. This PGA has no input/output connections on this package, but should be enabled and disabled at the same time as other PGAs with a
shared PGA ground.

Figure 7-30. Analog Subsystem Block Diagram (56-Pin RSH VQFN)
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Figure 7-31 shows the analog group connections. See Table 1-1 for the specific connections for each group for
each package. Table 1-1 provides descriptions of the analog signals.

CMPSSx Input MUX
CMPxHPMX
PGAx_OF CMPx_HPO |
Gx_ADCC CMPx_HP1 |
PGAx_IN CMPx_HP2
— — 2
Gx_ADCAB CMPx_HP3 | e CMPx_HP
CMPx_HP4 |
N_CMPXHNMX
. Gx_ADCAB CMPX_HNO | o oS!
Gx_ADCC CMPx_HN1 | | e CMPx_HN o
v <
N CMPXLNMX g
. Gx_ADCAB CMPx_LNO | o 95
)| Gx_ADCC CMPx_LN1 | 4 e CMPx_LN x
CMPxLPMX
. PGAx_OF CMPx_LPO |
| Gx_ADCC CMPx_LP1 | |
PGAx_IN CMPx_LP2
[ 4 — = 2 . ]
. Gx_ADCAB CMPx LP3 | CMPx_LP
CMPx_LP4
@ 7
N\
N
Gx_ADCAB o—=o * o Gx_ADCAB
PGAx_OF e L e PGAx OF
S Gx ADCC e : * e Gx_ADCC L
c? ) . PGACTL[FILTRESSEL] o
<. RriLer >
: . :
) : (€) n
g' VDDA
PGAX_IN PGACTL[PGAEN]
o—e e PGAx OUT
PGAx_GND N

PGACTL[GAIN]

A. On lower pin-count packages, the input to Gx_ADCC will share a pin with the PGA input. If the PGA input is unused, then the ADCC
input can allow the pin to be used as an ADC input, a negative comparator input, or a digital input.

B. AIlOs support digital input mode only.

C. The PGA RFILTER path is not available on some device revisions. See the TMS320F28004x MCUs Silicon Errata for more information.

Figure 7-31. Analog Group Connections
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Table 7-11. Analog Pins and Internal Connections

PACKAGE ALWAYS CONNECTED (NO MUX) COMPARATOR SUBSYSTEM (MUX)
GROUP
PIN NAME AIO INPUT
NAME 100 | 64 | 56 HIGH HIGH Low LOW
PZ | PM | RSH SRCAN RADCEY pinee et REC POSITIVE | NEGATIVE | POSITIVE | NEGATIVE
VREFHIA - 25
VREFHIB - 16 14
24
VREFHIC -
VREFLOA - 27 A13
VREFLOB - 17 15 B13
26
VREFLOC - C13
Analog Group 1 CMP1
A3 G1_ADCAB 10 A3 HPI\i);SEL HNI\Q)BSEL LPN=IX38EL LNN__I)E)SEL AlO233
A2/B6/PGA1_OF PGA1_OF 9 9 8 A2 B6 PGA1_OF HP’\iXOSEL LPNLXOSEL AlO224
co G1_ADCC 19 co HPI\iX1$EL HNI\i)iSEL LPl\/lX‘]SEL LNl\/lX18EL AlO237
12 10
PGA1_IN PGA1_IN 18 PGAT_IN HPMXSEL LPMXSEL
PGA1_GND PGA1_GND 14 10 9 PGA&—GN
R PGA1_OUT( A1 B7 PGA1_OU HPI\ﬁXSEL LPN_IXSEL
T =4 =4
Analog Group 2 CMP2
A5 G2_ADCAB 35 A5 HPI\i);SEL HNI\:)E)SEL LPN=I)§SEL LNI\Q)BSEL AlO234
A4/B8/PGA2_OF PGA2_OF 36 23 21 A4 B8 PGA2_OF HP’\Q)BSEL LP’\;IXOSEL AlO0225
c1 G2_ADCC 29 c1 HPl\iX18EL HNI\i):SEL LPl\/lX18EL LNl\/lX18EL AO238
18 | 16
PGA2_IN PGA2_IN 30 PGA2_IN HPAQESEL LP’lestL
PGA2_GND PGA2 GND | 32 | 20 | 18 PGAS—GN
R PGA2_OUT() A12 B9 PGA2_0OU HPI\ﬂXSEL LPI\ﬂXSEL
T =4 =4
Analog Group 3 CMP3
B3/VDAC G3_ADCAB 8 8 7 B3 VDAC HP'\Q)ESEL HN'\Q)E)SEL LPN:I)ESEL LNI\Q)BSEL AlO0242
B2/C6/PGA3_OF PGA3_OF 7 7 6 B2 C6 PGA3_OF HP'\Q)BSEL LP’\;IXOSEL AlO226
c2 G3_ADCC 21 c2 HPI\iX15EL HNI\i)iSEL LPN=IX18EL LNI\iX18EL AlO244
13 1
PGA3_IN PGA3_IN 20 PGA3_IN HP’\iX;’EL LPNB;SEL
PGA3_GND PGA3 GND | 15 | 10 | 9 PGAS_GN
R PGA3_OUT() B10 c7 PGA3_OU HPI\ﬂXSEL LPl\ﬂXSEL
T =4 =4
Analog Group 4 CMP4
B5 G4_ADCAB B5 HPI\Q);SEL HNI\Q);SEL LPN:IXBSEL LNI\i)E)SEL AlO243
B4/C8/PGA4_OF PGA4_OF 39 24 22 B4 C8 PGA4_OF HP'\Q)E)SEL LPN:IXOSEL AlO0227
c3 G4_ADCC c3 HPI\iX1$EL HNI\:)iSEL LPN=IX18EL LNI\iX18EL AlO245
31 19 17
PGA4_IN PGA4_IN PGA4_IN HP“:’;SEL "PN='X23EL
PGA4_GND PGA4_GND 32 20 18 PGAé*GN
R PGA4_OUT( B co PGA$70U HPI\i)iSEL LPIle4SEL
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Table 7-11. Analog Pins and Internal Connections (continued)

GROUP PACKAGE ALWAYS CONNECTED (NO MUX) COMPARATOR SUBSYSTEM (MUX)
PIN NAME AIO INPUT
NAME 100 | 64 | 56 HIGH HIGH LOW LOW
Pz | Pm |RsH | APCA | ADCB | ADCC IRER e POSITIVE | NEGATIVE | POSITIVE | NEGATIVE
Analog Group 5 CMP5
A7 G5 ADCAB A7 Hpnﬂxgs,EL HNI\£>§)SEL LPlleasEL LNI\/l)BSEL AIO235
A6/PGA5_OF PGA5_OF 6 | 6 A6 PGA5_OF HP'%SE" LP’\QXOSE" AI0228
ca G5 ADCC 17 ca HPI\Q)?SEL HNhﬂ)iSEL LPl\iX18EL LNN__IX18EL AIO239
11
PGA5_IN PGA5_IN 16 PGA5_IN HP'\QXZSEL LP’Vz'XZSEL
PGA5_GND PGA5_GND 1310 | 9 PGAS—GN
) PGAS_OUT® A4 PGA5_OU HPMXSEL LPMXSEL
T =4 =4
Analog Group 6 CMP6
A9 G6_ ADCAB 38 A9 HPr\ix3$E|_ HNI\i)éSEL LPl\/lX38EL LNI\/l)E)SEL AI0236
ABIPGAB_OF PGAG_OF 37 A8 PGAG_OF HPIIXSEL LPVIXSEL AI0229
cs G6_ADCC cs HPI\£X1$EL HNI\Q);SEL LPI\iX‘]SEL LNl\iX1$EL AI0240
28
PGA6_IN PGA6_IN PGA6_IN HP'\QXZSE" LP'\QXZSE"
PGA6_GND PGA6_GND 32 | 20 | 18 PGAS—GN
A PGAB_OUT® A5 PGA6_OU HPMXSEL LPMXSEL
T =4 =4
Analog Group 7 CMP7
BO 67 ADCAB 1 B0 HPA:XSSEL HNI\i)éSEL LPN=IX38EL LNI\i)E)SEL AIO241
A10/B1/C10/PGA7_OF |PGA7_OF® | 40 | 25 | 23 | A10 B1 C10 | PGA7_OF HP“Q)BSEL LP"Q)BSE" Al0230
c14 G7_ADCC 44 c14 Hp“ixf‘E" HN“ﬂﬁSEL "P"’KSE" LN“’lﬁSE" Al0246
PGA7_IN PGA7_IN 43 PGA7_IN HP'\QXSE" LP'\QXSE"
PGA7_GND PGA7_GND 42 PGAS—GN
. PGA7_OUT® B12 o1 PGA_|7__OU HPI\Q)ZSEL LPN=I);SEL
Other Analog
A0/B15/C15/DACA_OUT 23 | 15 | 13 A0 B15 c15 DAC?—OU Al0231
A1/DACB_OUT 22 | 14 | 12 A1 DAC.'?—OU Al0232
c12 c12 Al0247
- TempSensor(") B14
(1) Internal connection only; does not come to a device pin.
(2) PGA functionality not available on 64-pin and 56-pin packages.
Table 7-12. Analog Signal Descriptions
SIGNAL NAME DESCRIPTION
AlOx Digital input on ADC pin
Ax ADC A Input
Bx ADC B Input
Cx ADC C Input
CMPx_DACH Comparator subsystem high DAC output
CMPx_DACL Comparator subsystem low DAC output
CMPx_HNy Comparator subsystem high comparator negative input
CMPx_HPy Comparator subsystem high comparator positive input
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Table 7-12. Analog Signal Descriptions (continued)

SIGNAL NAME DESCRIPTION

CMPx_LNy Comparator subsystem low comparator negative input

CMPx_LPy Comparator subsystem low comparator positive input

DACx_OUT Buffered DAC Output

PGAx_GND PGA Ground

PGAX_IN PGA Input

PGAx_OF PGA Output for filter

PGAx_OUT PGA Output to internal ADC

TempSensor Internal temperature sensor
Optional external reference voltage for on-chip DACs. There is a 100-pF capacitor to VSSA on this pin whether

VDAC used for ADC input or DAC reference which cannot be disabled. If this pin is used as a reference for the on-
chip DACs, place at least a 1-uF capacitor on this pin.
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7.10.1 Analog-to-Digital Converter (ADC)

The ADC module described here is a successive approximation (SAR) style ADC with resolution of 12 bits. This
section refers to the analog circuits of the converter as the “core,” and includes the channel-select MUX, the
sample-and-hold (S/H) circuit, the successive approximation circuits, voltage reference circuits, and other analog
support circuits. The digital circuits of the converter are referred to as the “wrapper” and include logic for
programmable conversions, result registers, interfaces to analog circuits, interfaces to the peripheral buses,
post-processing circuits, and interfaces to other on-chip modules.

Each ADC module consists of a single sample-and-hold (S/H) circuit. The ADC module is designed to be
duplicated multiple times on the same chip, allowing simultaneous sampling or independent operation of multiple
ADCs. The ADC wrapper is start-of-conversion (SOC)-based (see the SOC Principle of Operation section of the
Analog-to-Digital Converter (ADC) chapter in the TMS320F28004x Microcontrollers Technical Reference
Manual).

Each ADC has the following features:
* Resolution of 12 bits
» Ratiometric external reference set by VREFHI/VREFLO
» Selectable internal reference of 2.5V or 3.3V
» Single-ended signaling
e Input multiplexer with up to 16 channels
* 16 configurable SOCs
* 16 individually addressable result registers
* Multiple trigger sources
— S/W: software immediate start
— AllePWMs: ADCSOC AorB
— GPIO XINT2
— CPU Timers 0/1/2
— ADCINT1/2
* Four flexible PIE interrupts
* Burst-mode triggering option
* Four post-processing blocks, each with:
Saturating offset calibration
Error from setpoint calculation
High, low, and zero-crossing compare, with interrupt and ePWM trip capability
Trigger-to-sample delay capture

Note
Not every channel may be pinned out from all ADCs. See Section 6 to determine which channels are
available.
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The block diagram for the ADC core and ADC wrapper are shown in Figure 7-32.
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Figure 7-32. ADC Module Block Diagram
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7.10.1.1 ADC Configurability

Some ADC configurations are individually controlled by the SOCs, while others are globally controlled per ADC

module. Table 7-13 summarizes the basic ADC options and their level of configurability.

Table 7-13. ADC Options and Configuration Levels

INSTRUMENTS

OPTIONS CONFIGURABILITY
Clock Per module(")
Resolution Not configurable (12-bit resolution only)
Signal mode Not configurable (single-ended signal mode only)
Reference voltage source Per module
Trigger source Per SOC("
Converted channel Per SOC
Acquisition window duration Per SOC(")
EOC location Per module
Burst mode Per module(")

(1)  Writing these values differently to different ADC modules could cause the ADCs to operate
asynchronously. For guidance on when the ADCs are operating synchronously or asynchronously,
see the Ensuring Synchronous Operation section of the Analog-to-Digital Converter (ADC) chapter
in the TMS320F28004x Microcontrollers Technical Reference Manual.

7.10.1.1.1 Signal Mode

The ADC supports single-ended signaling. In single-ended mode, the input voltage to the converter is sampled
through a single pin (ADCINXx), referenced to VREFLO. Figure 7-33 shows the single-ended signaling mode.

VREFHI Pin Voltage T
VREFHI
ADCINX o ADCINX
VREFHI/2 ADC
VREFLO

VREFLO
(VSSA)

Digital Qutput

2"-1

ADC Vin

Figure 7-33. Single-ended Signaling Mode
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7.10.1.2 ADC Electrical Data and Timing

Table 5-41 lists the ADC operating conditions. Table 5-42 lists the ADC electrical characteristics.

7.10.1.2.1 ADC Operating Conditions

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

ADCCLK (derived from PERx.SYSCLK) 5 50 MHz

Sample rate 100-MHz SYSCLK 345 MSPS
gggﬂgyggﬂg(?fraﬁ"” (set by ACQPS and With 50 Q or less Rq 75 ns
VREFHI External Reference 24 250r3.0 VDDA \Y
VREFHI@ Internal Reference = 3.3V Range 1.65 \Y
Internal Reference = 2.5V Range 25 \%
VREFLO VSSA VSSA VSSA \
VREFHI - VREFLO External Reference 24 VDDA \Y
Internal Reference = 3.3 V Range 0 3.3 \%
Conversion range Internal Reference = 2.5 V Range 0 25 \Y
External Reference VREFLO VREFHI \%

(1) The sample window must also be at least as long as 1 ADCCLK cycle for correct ADC operation.

(2) Ininternal reference mode, the reference voltage is driven out of the VREFHI pin by the device. The user should not drive a voltage

into the pin in this mode.

Note

The ADC inputs should be kept below VDDA + 0.3 V during operation. If an ADC input exceeds this
level, the Vggr internal to the device may be disturbed, which can impact results for other ADC or

DAC inputs using the same VRgg.

Note

The VREFHI pin must be kept below VDDA + 0.3 V to ensure proper functional operation. If the
VREFHI pin exceeds this level, a blocking circuit may activate, and the internal value of VREFHI may
float to 0 V internally, giving improper ADC conversion or DAC output.
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7.10.1.2.2 ADC Characteristics

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
General
ADCCLK Conversion Cycles 100-MHz SYSCLK 10.1 11| ADCCLKs
External Reference mode 500 us
Power Up Time Internal Reference mode 5000 us
Internal Reference mode, when switching between 5000 s
2.5-V range and 3.3-V range. H
VREFHI input current(!) 130 pA
Internal Reference Capacitor
Value®) 22 Wk
External Reference Capacitor
Value® 22 Wk
DC Characteristics
Internal reference -45 45
Gain Error LSB
External reference -5 +3
Offset Error -5 +2 5 LSB
Channel-to-Channel Gain Error +2 LSB
Channel-to-Channel Offset Error +2 LSB
ADC-to-ADC Gain Error Identical VREFHI and VREFLO for all ADCs +4 LSB
ADC-to-ADC Offset Error Identical VREFHI and VREFLO for all ADCs +2 LSB
DNL Error >—1 +0.5 1 LSB
INL Error -2 +1.0 2 LSB
VREFHI = 2.5V, synchronous ADCs -1
ADC-to-ADC Isolation LSBs
VREFHI = 2.5V, asynchronous ADCs Not Supported
AC Characteristics
VREFHI = 2.5V, fin = 100 kHz, SYSCLK from X1 68.8
VREFHI =2.5V, fin = 100 kHz, SYSCLK from 60.1
SNRE) INTOSC ’ dB
VREFHI = 2.5V, fin = 100 kHz, SYSCLK from X1, 675
VDD supplied from internal DC-DC regulator(4) ’
THD®) VREFHI =2.5V, fin = 100 kHz -80.6 dB
SFDR®) VREFHI = 2.5V, fin = 100 kHz 79.2 dB
VREFHI = 2.5V, fin = 100 kHz, SYSCLK from X1 68.5
SINAD®) VREFHI = 2.5 V, fin = 100 kHz, SYSCLK from £0.0 dB
INTOSC ’
VREFHI = 2.5V, fin = 100 kHz, SYSCLK from 1.0
X1, Single ADC ’
VREFHI =2.5V, fin = 100 kHz, SYSCLK from .
(3) ) )
ENOB X1, synchronous ADCs 1.0 bits
VREFHI =2.5V, fin = 100 kHz, SYSCLK from Not
X1, asynchronous ADCs Supported
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over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VDD =1.2-V DC + 100mV 60

DC up to Sine at 1 kHz

VDD =1.2-V DC + 100 mV 57

DC up to Sine at 300 kHz

PSRR dB

VDDA = 3.3-V DC + 200 mV 60

DC up to Sine at 1 kHz

VDDA = 3.3-V DC + 200 mV 57

Sine at 900 kHz

(1) Load current on VREFHI increases when ADC input is greater than VDDA. This causes inaccurate conversions.
(2) A ceramic capacitor with package size of 0805 or smaller is preferred. Up to +20% tolerance is acceptable.

(3) 10 activity is minimized on pins adjacent to ADC input and VREFHI pins as part of best practices to reduce capacitive coupling and
crosstalk.

(4) Noise impact from the DCDC regulator to the ADC will be strongly dependent on PCB layout.
7.10.1.2.3 ADC Input Model
The ADC input characteristics are given by Table 7-14 and Figure 7-34.

Table 7-14. Input Model Parameters

DESCRIPTION REFERENCE MODE VALUE
Cp Parasitic input capacitance All See Table 7-15
External Reference, 2.5-V Internal 500 O
Ron Sampling switch resistance Reference
3.3-V Internal Reference 860 Q
External Reference, 2.5-V Internal
12.5 pF
Ch Sampling capacitor Reference
3.3-V Internal Reference 7.5 pF
Rs Nominal source impedance All 50 Q
ADC
Re o ADCINx
| swith Ry,
AC Cp Ch
i} T 1
VREFLO

Figure 7-34. Input Model

This input model should be used with actual signal source impedance to determine the acquisition window
duration. For more information, see the Choosing an Acquisition Window Duration section of the Analog-to-
Digital Converter (ADC) chapter in the TMS320F28004x Microcontrollers Technical Reference Manual.
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Table 7-15 lists the parasitic capacitance on each channel.

Table 7-15. Per-Channel Parasitic Capacitance

ADC CHANNEL Ce (PF)
COMPARATOR DISABLED COMPARATOR ENABLED
ADCINAO 12.7 15.2
ADCINA1 13.7 16.2
ADCINA2 9.2 1.7
ADCINA3 6.9 9.4
ADCINA4 9.2 1.7
ADCINA5 7.5 10
ADCINAG 8.0 105
ADCINA7 7.0 9.5
ADCINA8 10.0 125
ADCINA9 8.1 10.6
ADCINA10 9.3 11.8
ADCINBO 7.1 9.6
ADCINB1 9.3 11.8
ADCINB2 9.6 12.1
ADCINB3(") 125.6 128.1
ADCINB4 8.8 1.3
ADCINB5 7.1 9.6
ADCINB6 9.2 1.7
ADCINB8 9.2 1.7
ADCINB15 12.7 15.2
ADCINCO 6.4 8.9
ADCINC1 6.1 8.6
ADCINGC2 5.24 7.74
ADCINC3 55 8
ADCINC4 6.2 8.7
ADCINC5 56 8.1
ADCINC6 9.6 12.1
ADCINCS 8.8 11.3
ADCINC10 9.3 11.8
ADCINC12 4.1 6.6
ADCINC14 45 7
ADCINC15 12.7 15.2

(1)  This pin is also used to supply reference voltage for COMPDAC and GPDAC, and includes an

internal decoupling capacitor.
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7.10.1.2.4 ADC Timing Diagrams

Figure 7-35 shows the ADC conversion timings for two SOCs given the following assumptions:
* SOCO0 and SOC1 are configured to use the same trigger.

* No other SOCs are converting or pending when the trigger occurs.
» The round-robin pointer is in a state that causes SOCO to convert first.
» ADCINTSEL is configured to set an ADCINT flag upon end of conversion for SOCO (whether this flag

propagates through to the CPU to cause an interrupt is determined by the configurations in the PIE module).

Table 7-16 lists the descriptions of the ADC timing parameters. Table 7-17 lists the ADC timings.
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Table 7-16. ADC Timing Parameters
PARAMETER DESCRIPTION

The duration of the S+H window.

At the end of this window, the value on the S+H capacitor becomes the voltage to be converted into a digital

t value. The duration is given by (ACQPS + 1) SYSCLK cycles. ACQPS can be configured individually for each
SH SOC, so tgy will not necessarily be the same for different SOCs.

Note: The value on the S+H capacitor will be captured approximately 5 ns before the end of the S+H window
regardless of device clock settings.

The time from the end of the S+H window until the ADC results latch in the ADCRESULTX register.

tiar
If the ADCRESULTX register is read before this time, the previous conversion results will be returned.

The time from the end of the S+H window until the S+H window for the next ADC conversion can begin. The

teoc subsequent sample can start before the conversion results are latched.

The time from the end of the S+H window until an ADCINT flag is set (if configured).

If the INTPULSEPOS bit in the ADCCTL1 register is set, tyt will coincide with the conversion results being
latched into the result register.

If the INTPULSEPOS bit is 0, t\t will coincide with the end of the S+H window. If tyt triggers a read of the
ADC result register (directly through DMA or indirectly by triggering an ISR that reads the result), care must be
taken to ensure the read occurs after the results latch (otherwise, the previous results will be read).

tinT

If the INTPULSEPOS bit is 0, and the OFFSET field in the ADCINTCYCLE register is not 0, then there will be a
delay of OFFSET SYSCLK cycles before the ADCINT flag is set. This delay can be used to enter the ISR or
trigger the DMA at exactly the time the sample is ready.

Table 7-17. ADC Timings

ADCCLK PRESCALE SYSCLK CYCLES ADCCLK CYCLES

ADCCTL2 [PRESCALE] ADCCRLQ-:I—SQSCLK teoc tiar tint(earLy) @ tNT(LATE) teoc

0 1 1 13 1 " "

2 2 21 23 1 21 10.5

4 3 31 34 1 31 10.3

6 4 41 44 1 41 10.3

8 5 51 55 1 51 10.2

10 6 61 65 1 61 10.2

12 7 71 76 1 71 10.1

14 8 81 86 1 81 10.1

(1) Refer to the "ADC: DMA Read of Stale Result" advisory in the TMS320F28004x MCUs Silicon Errata.

(2) By default, iyt occurs one SYSCLK cycle after the S+H window if INTPULSEPOS is 0. This can be changed by writing to the OFFSET
field in the ADCINTCYCLE register.
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7.10.2 Programmable Gain Amplifier (PGA)

The Programmable Gain Amplifier (PGA) is used to amplify an input voltage for the purpose of increasing the
effective resolution of the downstream ADC and CMPSS modules.

The integrated PGA helps to reduce cost and design effort for many control applications that traditionally require
external, stand-alone amplifiers. On-chip integration ensures that the PGA is compatible with the downstream
ADC and CMPSS modules. Software-selectable gain and filter settings make the PGA adaptable to various
performance needs.

The PGA has the following features:

* Four programmable gain modes: 3x, 6x, 12x, 24x

* Internally powered by VDDA and VSSA

» Support for Kelvin ground connections using PGA_GND pin
» Embedded series resistors for RC filtering

The active component in the PGA is an embedded operational amplifier (op amp) that is configured as a
noninverting amplifier with internal feedback resistors. These internal feedback resistor values are paired to
produce software selectable voltage gains.

Three PGA signals are available at the device pins:

* PGA_IN is the positive input to the PGA op amp. The signal applied to this pin will be amplified by the PGA.

« PGA_GND is the Kelvin ground reference for the PGA_IN signal. Ideally, the PGA_GND reference is equal to
VSSA,; however, the PGA can tolerate small voltage offsets from VSSA.

* PGA_OF supports op amp output filtering with RC components. The filtered signal is available for sampling
and monitoring by internal ADC and CMPSS modules. The PGA RFILTER path is not available on some
device revisions. See the TMS320F28004x MCUs Silicon Errata for more information.

PGA_OUT is an internal signal at the op amp output. It is available for sampling and monitoring by the internal
ADC and CMPSS modules. Figure 7-36 shows the PGA block diagram.

— e —— e —— — —— —— —— —— —— —— —— —— —— —— —— —— —— —— —— —— —— —— —— — —— — — —

| VDDA I
I
PGA_IN 0—1 |
| PGACTL[PGAEN] PGA OUT
| — » To ADC and CMPSS |
I
| ReiLrer I
| ——» To ADC and CMPSS |
| PGACTL[FILTRESSEL] |
| Reno |
PGA_GND & I |
I PGACTL[GAIN]
- I
[m}
PGA_OF
Figure 7-36. PGA Block Diagram
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7.10.2.1 PGA Electrical Data and Timing

Section 7.10.2.1.1 lists the PGA operating conditions. Section 7.10.2.1.2 lists the PGA characteristics.

7.10.2.1.1 PGA Operating Conditions

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
PGA Output Range(") VSSA +0.35 VDDA -0.35 \
PGA GND Range -50 200 mV
Min ADC S+H Settling within +1 ADC LSB 160 ns
(No Filter; Gain = 3, 6, 12) | Accuracy
Min ADC S+H Settling within +2 ADC LSB 200 ns
(No Filter; Gain = 24) Accuracy

(1) This is the linear output range of the PGA. The PGA can output voltages outside this range, but the voltages will not be linear.

7.10.2.1.2 PGA Characteristics

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
General
Gain Settings 3,6,12,24
Input Bias Current 2 nA
Short Circuit Current 35 mA
Full Scale Step Response Settling within +2 ADC LSB
(No Filter) Accuracy 450 ns
Settling Time Gain Switching 10 us
Gain =3 15 20 Vlius
Slew Rate Gain=6 31 37 V/us
Gain =12 61 73 V/us
Gain =24 78 98 V/us
Renp Gain=3 9 kQ
Gain=6 4.5 kQ
Gain =12 2.25 kQ
Gain = 24 1.125 kQ
Rout Gain=3 18 kQ
Gain=6 225 kQ
Gain =12 24.75 kQ
Gain = 24 25.875 kQ
Filter Resistor Targets ReLr =200 Q 145 190 234 Q
ReiLT =160 Q 117 153 188 Q
Rer=130Q 95 125 154 Q
ReiLr =100 Q 71 96 120 Q
Rrr=800Q 55 77 98 Q
Rrr=50Q 31 49 66 Q
Power Up Time 500 us
DC Characteristics
Gain Error() Gain =3, 6, 12 -0.5 0.5 %
Gain = 24 -0.8 0.8 %
Gain Temp Coefficient +0.004 %IC
Offset Error(2) Input Referred -15 1.5 mV
Offset Temp Coefficient Input Referred +5.5 pVv/C
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over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
DC Code Spread 2.5 12b LSB
AC Characteristics
Bandwidth(®) All Gain Modes 7 MHz
— DC -78 dB
Up to 100 kHz -70 dB
DC -60 dB
CMRR
Up to 100 kHz -50 dB
DC -75 dB
PSRR®)
Up to 100 kHz -50 dB
Noise PSD®*) 1 kHz 200 nV/sqrt(Hz)
Integrated Noise
(Input Referred) 3 Hz to 30 MHz 100 pv

(1) Includes ADC gain error in external reference mode.
(2) Includes ADC offset error in external reference mode.

(3)  3dB bandwidth.

(4) Performance of PGA alone.

7.10.2.1.3 PGA Typical Characteristics Graphs

Figure 7-37 shows the input bias current versus temperature.

Note

For Figure 7-37, the following conditions apply (unless otherwise noted):

. TA=30°C

+ VDDA=33V

+ VDD=12V
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Figure 7-37. Input Bias Current Versus Temperature
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7.10.3 Temperature Sensor
7.10.3.1 Temperature Sensor Electrical Data and Timing
The temperature sensor can be used to measure the device junction temperature. The temperature sensor is

sampled through an internal connection to the ADC and translated into a temperature through Tl-provided
software. When sampling the temperature sensor, the ADC must meet the acquisition time in Section 7.10.3.1.1.

7.10.3.1.1 Temperature Sensor Characteristics

over recommended operating conditions (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Tace Temperature Accuracy External reference +15 °C
Start-up time

tstartup (TSNSCTL[ENABLE] to 500 us
sampling temperature sensor)

tsH ADC sample-and-hold time 450 ns
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7.10.4 Buffered Digital-to-Analog Converter (DAC)

The buffered DAC module consists of an internal 12-bit DAC and an analog output buffer that can drive an
external load. For driving even higher loads than typical, a trade-off can be made between load size and output
voltage swing. For the load conditions of the buffered DAC, see Section 7.10.4.1. The buffered DAC is a
general-purpose DAC that can be used to generate a DC voltage or AC waveforms such as sine waves, square
waves, triangle waves and so forth. Software writes to the DAC value register can take effect immediately or can
be synchronized with EPWMSYNCO events.

Each buffered DAC has the following features:
* 12-bit resolution
» Selectable reference voltage source

* X1 and x2 gain modes when using internal VREFHI
* Ability to synchronize with EPWMSYNCO

The block diagram for the buffered DAC is shown in Figure 7-38.

DACCTL[DACREFSEL]

ANAREFx2P5
VDAC
c O | DACREF
Internal —1.65v=— 0 1
Reference - * 1
Circuit L Sy=—{ 1 ? Y
VREFHI
ANAREFXSEL
SYSCLK —> DACCTL[LOADMODE]
DACVALS D 0 ;
12-bit
L DACVALA H 7>
DAC
D 1
EPWM1SYNCPER
EPWM2SYNCPER EN 1
EPWM3SYNCPER VSSA
EPWMnSYNCPER|

DACCTL[SYNCSEL]

Figure 7-38. DAC Module Block Diagram

VDDA

(x1 orx2)

DACCTL[MODE]

(Select x1 or x2 Gain)
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7.10.4.1 Buffered DAC Electrical Data and Timing

Section 7.10.4.1.1 lists the buffered DAC operating conditions. Section 7.10.4.1.2 lists the buffered DAC
electrical characteristics.

7.10.4.1.1 Buffered DAC Operating Conditions

over recommended operating conditions (unless otherwise noted)(")

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
R, Resistive Load® 5 kQ
CL Capacitive Load 100 pF
. R =5kQ 0.3 VDDA - 0.3 \%
Vour Valid Output Voltage Range(®)
R =1kQ 0.6 VDDA - 0.6 \%
Reference Voltage® VDAC or VREFHI 2.4 2.50r3.0 VDDA v

(1)  Typical values are measured with VREFHI = 3.3 V and VREFLO = 0 V, unless otherwise noted. Minimum and maximum values are
tested or characterized with VREFHI = 2.5V and VREFLO =0 V.

(2) DAC can drive a minimum resistive load of 1 kQ, but the output range will be limited.

(3) This is the linear output range of the DAC. The DAC can generate voltages outside this range, but the output voltage will not be linear
due to the buffer.

(4) For best PSRR performance, VDAC or VREFHI should be less than VDDA.

7.10.4.1.2 Buffered DAC Electrical Characteristics

over recommended operating conditions (unless otherwise noted)(")

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX UNIT
General
Resolution 12 bits
Load Regulation -1 1 mV/V
Glitch Energy 1.5 V-ns
Voltage Output Settling Time Full-Scale Settling to 2 LSBs after 0.3V- 2 us

to-3V transition

Settling to 2 LSBs after 0.3V- 1.6 us
to-0.75V transition

Slew rate from 0.3V-to-3V

Voltage Output Settling Time 1/4™ Full-Scale

Range

Voltage Output Slew Rate transition 2.8 4.5 Vlius
Load Transient Settling Time(©) 50 Load 328 ns
1-kQ Load 557 ns
Reference Input Resistance(@ VDAC or VREFHI 160 200 240 kQ
TPU Power Up Time External Reference mode 500 us
Internal Reference mode 5000 us
DC Characteristics
Offset Offset Error Midpoint -10 10 mV
Gain Gain Error® -25 25| %of FSR
DNL Differential Non Linearity®  |Endpoint corrected —1 +0.4 1 LSB
INL Integral Non Linearity Endpoint corrected -5 +2 5 LSB
AC Characteristics
Output Nofse gt?ggatkﬁjznmse from 100 Hz 600 uVims
Noise density at 10 kHz 800 nVrms/VHz
SNR Signal to Noise Ratio 1 kHz, 200 KSPS 64 dB
THD Total Harmonic Distortion 1 kHz, 200 KSPS —64.2 dB
SFDR Spurious Free Dynamic 1 kHz, 200 KSPS 66 dB
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over recommended operating conditions (unless otherwise noted)(")

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SINAD Sigpal to Noise and Distortion 1 kHz, 200 KSPS 61.7 dB
Ratio
iecti DC 70 dB
PSRR Povye(;)SuppIy Rejection
Ratio 100 kHz 30 dB

M

@)
@)
4)
®)
(6)

Typical values are measured with VREFHI = 3.3 V and VREFLO = 0 V, unless otherwise noted.

tested or characterized with VREFHI = 2.5V and VREFLO =0 V.

Per active Buffered DAC module.

Gain error is calculated for linear output range.

The DAC output is monotonic.

VREFHI=3.2V, VDDA =3.3V DC + 100 mV Sine.

Settling to within 3LSBs.

Minimum and maximum values are

Note

The VDAC pin must be kept below VDDA + 0.3 V to ensure proper functional operation. If the VDAC
pin exceeds this level, a blocking circuit may activate, and the internal value of VDAC may float to 0 V
internally, giving improper DAC output.

Note

The VREFHI pin must be kept below VDDA + 0.3 V to ensure proper functional operation. If the
VREFHI pin exceeds this level, a blocking circuit may activate, and the internal value of VREFHI may
float to 0 V internally, giving improper ADC conversion or DAC output.
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7.10.4.1.3 Buffered DAC lllustrative Graphs

Figure 7-39 shows the buffered DAC offset. Figure 7-40 shows the buffered DAC gain. Figure 7-41 shows the
buffered DAC linearity.
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Figure 7-39. Buffered DAC Offset

3
4000

Actual DAC Output
Ideal DAC Output

r-

»l
P>

3500 [—

|
|
|
Y~ |
|
3000 |- |
|
|
|
|
2500 [— |
— |
5 ; |
a — Actual Gain |
5 |
i I — ldeal Gain
I